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Editorial 

Traditionally all abstracts of contributions submitted to the 23rd General Assembly 
are included free of charge in the Annales Geophysicae Supplement once they were 
accepted by the appropriate convener(s) and once they were received in time, in the 
standard format and of sufficient quality for reproduction. Abstracts submitted for 
symposia included in two different parts of the Supplement issue are included (twice) 
in both parts, respectively. 

Like in previous years, not all contributions included will actually be presented. 
Because of the lack of financial support, several young scientists as well as colleagues 
from the central and east-European countries will not be able to participate in the 
meeting, although the Society has continued its support schemes, such as the Young 
Scientists' Travel Award and the East European Support Award. In this way there are 
more abstracts included in the Abstract Book than contributions compiled in the 
Programme Book. Therefore, in order to simplify the ordering of abstracts within an 
event, we have adopted the alphabetical order with respect to the surname of the first 
author rather than the order of presentation in the Abstract Book. 

With almost 5.800 contributions received, this Supplement of Annales Geophysicae has 
become an important open forum for fast distribution of results of geophysical 
research on a pan-European, international level, helping, at the same time, to promote 
the contact between all geophysicists in Europe. Please, support the fostering of 
cooperation and contact your colleagues also if not personally present this time. For 
this reason, the authors have also included a contact e-mail or fax number in their 
abstract for faster correspondence. 

On behalf of the Society I am very pleased to welcome you to Nice on the occasion 
of the 23rd General Assembly of the European Geophysical Society. May your 
participation in this meeting be successful and scientifically rewarding. 

A.K. Richter 
Executive Secretary 
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HYDROLOGICAL SCIENCES (HS) 

HSA1 Hydrology and the Earth's crust 

01 Characterization and modelling of the 
2-D and 3-D structure of porous and frac- 
tured formations 

Convener: Huggenberger, P. 
Co-Convener: Mackay, R. 

"MODELLING    FRACTURE    APERTURE   GROWTH   USING    SIMPLE 
GROWTH LAWS 

John P Blonmfield (11 and John A Barker (2) 
(1) British Geological Survey, Wallingford, OX10 8BB, UK; (2) Department of 
Geological Sciences, University College London, WC1E 6BT, UK. 

We present preliminary results of a study to model general characteristics of die 
growth of fracture apertures given a simple growth law applied to fracture arrays 
with simple initial aperture distributions. Our motivation for the work is to 
understand the evolution of fracture aperture distributions and the development of 
preferential flow paths in fractured aquifers such as the Chalk of north-west Europe. 
Head and velocity distributions are calculated in a regular array of fractures for given 
boundary conditions. The resulting velocities are substituted into an aperture growth- 
rate law, where growth rate is a function of flow rate. The problem is formulated and 
coded as an initial-value problem for the growth of the fractures. The flow is 
considered to be quasi-steady-state. We have investigated the sensitivity of the 
evolved aperture distributions to changes in the functional form of the initial aperture 
distribution, the mean and standard deviation of the initial distribution, and the form 
of the growth-rate law. Feedback between initially uncottelated aperture distributions 
and the aperture growth-rate law leads to the development of spatially correlated 
structures. These include constant apertures parallel to the bulk flow direction and 
single dominant large aperture fractures. The standard deviation of apertures parallel 
to the bulk flow direction is a useful tool for characterising structural phase changes. 
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COMPUTER SIMULATION AND ANIMATION OF WATER MOVEMENT IN 
SOIL 

Peter Bakucz(l), PETER GILYEN(2), Istvan Kontur(3) 
(l)-(3) Technical University of Budapest, Department of Hydrology 
(2) Technical University of Budapest, Faculty of Electrical and Computer Engineering 
gilyen@eik.bme.hu 

The object of the study is modelling and visualizing water movements in soil. A 
computer programme written by the 2nd author serves this double aim. The 
mathematical models of the problem are discussed at first, considering how much they 
are based on the reality and how efficient are they for computer programming. The 
two realized methods are analysed more detailed. One of them is discretization in 
space. The basic feature of it is that space is divided into small, elementary cells that 
can be considered and handled as homogenous (for the model). These cells can be 
either "holes" or solid "soil-particles". The neighbouring holes stand in a relation 
given by complex parameters that influence streaming. The cells can be generated 
either using a uniform grid or by stochastic procedures. A potential-field (resp. the 
superposition of several one) is interpreted on these cells which makes water to move 
(e.g. gravitational or electric field). The computing is executed by a modified version 
of the algorythms using graph and matrix theory developed for the examination of 
electric circuits. The other realized method is the one using fractal geometry to create 
a micro- pipeline network inside the modelled soil. The main difference from the first 
method stands in the selection of the parameters that describe the "pipeline system" in 
the soil. The calculation and visualization does-not differ. The visualization uses the 
real 3-D methods of a previous programme written by the 2nd author. The programme 
is written in object-oriented C++ and runs under DOS and Unix. 

EFFECT OF THE VARIANCE OF THE PORE SIZE MSTRIBUnON ON 
HYDRODYNAMIC DISPERSION IN HETEROGENEOUS NETWORKS 

C. Bruderer andY. Bernabe' 
UMR CNRS 7516, Institut de Physique du Globe de Strasbourg 
cbruderer@eost.u-strasbg.fi7Fax: +33-388-616-747 

We simulate hydrodynamic dispersion as the result of two independent physical 
mecanisms: advective transport and molecular diffusion. Advective transport is the 
deterministic passive motion of solute particles along the streamlines. Streamlines 
can be uniquely determined in two-dimensional networks using the feet that two 
neighbouring streamlines cannot intersect. Molecular diffusion is modeled by a three- 
dimensional random walk. By varying the molecular diffusion coefficient determined 
by the random walk parameters, we can simulate a broad range of Peclet numbers and 
investigate several dispersion regimes [Sahimi, 1995]. 
The simulated medium is a periodic arrangement of two-dimensional square 
networks. In order to isolate pore-scale heterogeneity effect, we used network 
realizations in which only the variance of the pore size distribution is allowed to 
vary. Particles are instantaneously injected at one face of the network, and tracked in 
the medium. Dispersion coefficients are calculated from the statistics of the positions 
recorded at various times during the transport process. 
We observe that dispersion coefficients are related to the level of pore-scale 
heterogeneity. Our simulations also confirm the restrictive effect of molecular 
diffusion on dispersion, demonstrated by the decrease of dispersion coefficients with 
decreasing Peclet numbers. Finally, examining how the dispersion coefficients vary 
versus time, we observe a transition period at the end of which the dispersion 
coefficients reach a constant value. This transient regime appears to correspond to a 
similar transition period of the mean velocity of the pattlcujes, which asymptotically 
approaches the Darcy's velocity. The transition period is strongly affected by 
heterogeneity, but it does not depend on the dispersion regime. 

AN APPROACH FOR REPRESENTATION OF 3D GEOLOGICAL 
STRUCTURES AND MODELING GROUNDWATER FLOWS 

ILBetheB (1), N.Jekabsons (2) and J.Sennikovs (1) 
(1) Laboratory for Mathematical Modeling of Environmental and Technological 
Processes, University of Latvia, (2) Department of Materials and Manufacturing 
Engineering, Lulea University of Technology 
bethers@com.Iatnet.lv/Fax: +371-7615711 

The Plavinas Hydroelectropower Plant is the largest one in the chain of dams on the 
major Latvian river Daugava. The main building of the Plant is situated on the soft 
glacial deposits (moraine) that fills ancient (pre-quarternal) valley of Daugava. The 
wings of the dam lay on the sandwich-type structure of aquifers and semipervious 
strata of Devonian age. The whole underground structure is distinctively 3D also 
due to (i) deposits of deluvial and proluvial origin with high permeability on the 
declivities of hidden valleys, (ii) multiple injections of concrete suspension in the 
Devonian aquifers to reduce filtration to nearby quarternal valleys. 
The above situation is challenging for modelers of groundwater flows. It contains 
data sets for building of underground structures (more than 1000 geological survey 
wells are documented since 1950s) and to verify the model predictions (30 years 
long observation records of piezometric heads at about 300 wells are available). 
The CAD-type.data assimilation, processing, and visualization toolset is developed 
for simulation of 3D anisotropic geological structures. This toolset includes 3D 
finite-element solver for groundwater flows. Model results are carefully compared 
with observations. 

GAS DIFFUSION IN AN UNDISTURBED SOIL CORE AND IN 
ITS 3D RECONSTRUCTION 

I. Cousin (1), A. Bruand (1), P. Renault (2) and P. Levitz (3) 
(1) INRA, Unite de Science du Sol-SESCPF, 45160 Ardon, France, (2) INRA, 
Station  de  Science  du  Sol,  Domaine St  Paul,  84914 Avignon,  France, 
(3) CRMD-CNRS, IB rue de la Ferollerie, 45071 Orleans cedex 2, France. 

Gas transport properties inside a porous medium like soil are greatly related 
to their 3-dimensional geometrical properties and particularly their topologi- 
cal characteristics. We present here a comparison between an experimental gas 
diffusion study on an undisturbed loamy-clay soil core and a numerical sim- 
ulation study in a 3D reconstruction of the soil core. The studied system is 
a loamy-clay soil core (2.4cm length and 7cm diameter). Self-diffusion exper- 
iments with marked molecules allowed the calculation of the free-air porosity 
(11%), the self-diffusion coefficient (D = 0.7 lO^'m2«"1) and so, the tortuosity 
(r = 2.3). After gas experiments, the soil sample impregnated with a polyester 
resin and grinded. Serial sections spaced 100 pm apart were superimposed in 
order to build a 3-D reconstruction of the soil core. A topological study showed 
that the connected porosity was 20%. Inside this connected porosity, gas dif- 
fusion transfer was simulated with the help of the self-diffusion propagator in 
order to determine the self-diffusion coefficient in the 3D reconstructed sam- 
ple and so, of the tortuosity. Comparisons between the experimental and the 
numerical results allowed the discussion on scale effects on gas transport. 
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THE IDENTIFICATION OF POTENTIAL FLOWING FEATURES FOR A 
CONCEPTUAL MODEL OF FRACTURE FLOW AT SELLAF1ELD 

P.I. Dctnan'. A.E. Milodowski' and S. Todman1 

. 'United Kingdom Nirex Limited, * British Geologic») Survey,' ABA Technology 
E-mail Paul.Dcgn.in@nlrex.co.uk, Fax Number UK 1235-825 367 

Nirex has studied in detail the geology and hydrogeology at a site near Sellafleld in 
Cumbria, NW England to delcnnine the suitability, or otherwise, of the site as the 
location for a deep repository for intermediate-level and certain low-level radioactive 
wastes. A key factor in determining site suitability is the nature of groundwater flow in 
the repository host rock; the Borrowdale Volcanic Group. In the host rock, flow takes 
place predominantly through a limited subset of discontinuities, mainly fractures, parts 
of which form networks of connected channels. The conceptualisation of the flow 
system must be soundly based on site characterisation data as a prerequisite for any 
numerical modelling study. In this presentation, we will describe how core 
characterisation studies were used to identify the location, orientation and 
mineralogies] characteristics of the particular discontinuities referred to as potential 
flowing features (PFFs). These features have either demonstrable present day 
connected porosity or display evidence of relatively recent groundwater activity. The 
PFF information has been integrated with data derived from hydraulic testing to 
provide the basis for robust conceptual models which will be described here and which 
have been used in a performance assessment of the site. 

DEVELOPMENT OF PERMEABILITY IN FAULT ZONES 

Agust Gudmundsson 
Geological Institute, University of Bergen, N-5007 Bergen, Norway 
agust.gudmundsson@geol.uib.no 

Large faults are commonly major water conduits in solid rock. Most 
faults develop from smaller fractures, commonly sets of joints. An 
active fault can increase the average permeability of a site by several 
orders of a magnitude, but the permeability changes much during the 
fault development A study of tie hydrogeological characteristics of a 
5-10 km wide and around 100 km long dextral strike-slip fault zone in 
Iceland, active for nearly 10 Ma, shows that the original permeability 
of the basaltic lava pile, primarily due to columnar joints and scoria 
layers between the lava flows, has been substituted by high and low 
permeability subzones within the main fault zone. High permeability 
is characterised by intense sets of cross-cutting mineral veins, due to 
transmission of geothermal water, whereas low permeability is 
represented by completely crushed rocks. Field and theoretical studies 

indicate how the location and controlling stresses of these subzones 
have changed during the development of the main fault zone. 

TRANSPORT PROPERTIES OF FAULT NETWORKS 
INSIGHT FROM A POWER LAW LENGTH DISTRIBUTION MODEL 

J.R.de Dreuzv (I), P.Davy (I) and O. Bour( 1) 
(l)G<k>sciences Rennes, UPR4661 CNRS, Rennes, 
Jean-Raynald.Aupepin-de-Lamothe@univ-rennesl.fr / Fax: +33 2 99 28 60 88 

We address the characterisation of flow and transport in fractured media with 
evolving scales. We use a power law length distribution as a canonical model for 
fault networks to understand the role of faults of different sizes. The geometric and 
hydraulic properties of such systems in the vicinity of the crossover from the non 
connected to the connected state turn out to be different from the results of the 
percolation theoiy. This discrepancy stems from the existence of some structures, 
which typical size can be of the order the of the bulk network size. Although second 
order phase transition, which is basic to percolation theory, does not seem to be 
strictly relevant, we retain its main idea to find a simplification of the networks 
suitable for the characterisation of transport processes in systems presenting large 
spatial correlations. In order to achieve the study of the flow in this peculiar 
geometry, we need to define a statistical framework, able to both encompass this new 
variety of structures and model its consequences on the variability of the predictions. 
We finally perform pump tests to feature with more accuracy the scale properties of 
the fault networks. These tests will also permit to anticipate the identification and 
simulation capabilities of our model. 

GEOMETRIC MODELLING OF FRACTURE SYSTEMS: 
APLICATION TO DIFFERENT GEOLOGICAL TARGETS. 

P. Gumiel (I), R. Campos (2) & J.J. Duran (1) 
(1)I.T.G.E.(2)CI.E.M.A.T. 

The geometric modelling of the fracture systems, in base to their fractal scaling 
properties, spacing, frequency, density and aperture, together with the directional 
analysis of the different sets, has great importance in many fields of geological 
applications. Detailed studies of fracture networks attempt to predict connectivity, 
which tend to increase deformability and permeability of a fractured rock mass. 
Several cases of application of fracture analysis in Spam are presented in Ibis 
work, including the characterization of connected veins systems, capable to 
produce a mineral concentration, (for example, An, or W-Sn, mineralized vein 
groups, as well as the pyritic stockworks of nie Iberian Pyrite Belt), until the 
discrimination of connected fracture networks, which favour fluid flow, of great 
interest in the definition of storage zones to industrial residuals. To this respect, Ihe 
analysis of fracturing in several mines is also presented, (for example, Vülabona, 
Moscona in Asturias, and the Castellar in the Toledo provmce). Finally, geometric 
analysis of fractures is also of major importance in karstic and hydrological 
studies, because in most of die cases, the fractures exercise a marked control in 
the distribution of caves (for example, in the Betic Cordillera, Southern Spain), or 
channelling groundwater. 

THREE-DIMENSIONAL CHARACTERIZATION OF A REAL 
FRACTURE NETWORK: RECONSTRUCTION, GEOMETRY, 
TRANSPORTS. 

R. Gonzalez-Garcia (1), S. Cuvier (1), D. Harlaut (1), B. Ledesert (2), J.-F. 
Thovert (1) and P.M. Adler (3) 
(1) LCD-PTM, CNRS, SP2MI, BP 179, 86960 Futuroscope Cedex, France, 
(2) LGD, Bat. SN5, Universite de Lille I, 59650 Villeneuve d'Äscq Cedex, 
France, (3) IPGP, Tour 24, 4 Place Jussieu, 75252 Paris Cedex 05, France. 

The dark grey hercynian La Peyratte granite is located in Deux-Sevres (central 
'France). It is fine-grained (1 to 2 mm long crystals) and is crosscut by numerous 
fractures surrounded by discoloured alteration haloes. The fracture network in 
a 0.66 m3 block was reconstructed in three dimensions from digitized images 
of nine serial sections, where/traces of permeable fractures had been identified 
based on the width of the.alteration zone. 
A triangulation of the whole network .was built, which allows three-dimensional 
visualizations and the determination of various geometrical and transport prop- 
erties. Connectivity and percolation was studied, as well as block partitioning. 
Fluid flow and convective-diffusive mass transport under various external con- 
ditions can be simulated by solving the local transport equations in the frac- 
ture void space. The effective transport coefficients are evaluated, and three- 
dimensional flow maps are visualized. 

A SIMPLIFIED NUMERICAL MODEL COUPLING FLUID FLOW, HEAT 
AND MASS TRANSFERS AND GEOCHEMICAL REACTIONS IN 
SEDIMENTARY BASINS 

R.HASSANI (1), D. BERNARD (2), P. GOUZE (3) 
(1) GdR CNRS 943, TRABAS, (2) LEPT. CNRS-ENSAM-Univ. Bordeaux 1, 
TALENCE, FRANCE, (3) GBE, CNRS-ISTEEM, MONTPELLIER, FRANCE 
hassani@lept-ensam.u-bordeaux.fr / FAX: (0)5 56 84 54 01 

When a fluid containing dissolved species is slowly flowing through a 
heterogeneous temperature field, dissolutions and/or precipitations might 
occur in order to maintain thermodynamlcal equilibrium with the minerals 
composing the solid phase. 
In this work we present a simplified numerical model simulating those 
coupled phenomenon using the finite element method. 
The flow Is controlled by the boundary conditions (2D or 3D gravitational 
flow) or by the fluid density variations (2D free convection). Heat transfer is 
mainly due to conduction whether mass transport is essentially convective. 
The fluid being always in equilibrium with the solid phase, the concentration 
of the different dissolved species is a function of temperature only. 
2D and 3D examples are presented to illustrate the comportment of the 
feedback existing between fluid flow and geochemical reactions through the 
permeability field evolutions. Consequences on the structure of the porous 
formations are discussed and the possibility of backward simulations is 
examined. 
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UPSCAUNG AND CALIBRATION IN THE NIREX 97 ASSESSMENT OF THE 
PERFORMANCE OF A REPOSITORY AT SEIXAFIELD 

iCP. Jackson, and S.P. Watson 
AEA Technology. UK 
E-mail: c.peter.jsckson@acst.co.uk, Fax Number: UK 1233-436579 

Nircx has recently completed a new assessment af the performance of a hypothetical 
radioactive waste repository at Sellafleld. In this paper, the derivation of effective 
hydrogeological parameters for use in numerical flow and radionuctide transport 
models for Scllafield is presented. A combination of calibration and unsealing from 
data on a rang« of length scales was used. The underlying structure of the variability in 
the hydrogeotogical parameters was taken into account, with particular attention paid 
to geological understanding. The information from upscaling was combined with that 
from calibration, that is determination of ranges of the parameters that give an 
acceptable match to data independent of those used in upscaling. A key aspect of the 
analysis is a systematic treatment of uncertainly, both in upscaling and in calibration. 
The approach is illustrated for the potential repository host rock, where groundwaler Is 
considered to flow mainly in a subset of the total set of discontinuities. This subset (the 
Flowing Features) can be identified in boreholes by open porosity or by the presence of 
recent (in geological terms) «leite. In boreholes, the Flowing Features are strongly 
clustered, which appears to have hydrogeological significance. Both analytical and 
numerical network models were used to derive unseated permeabilities and porosities. 
A key uncertainly was the connectivity of the clusters, which was taken into account. 
Calibration was then used to update the parameter ranges. 

SURFACE GEOPHYSICS APPLIED TO PERMEABILITY 
DISCRIMINATION, CHARACTERIZATION AND SITE MODEL 
DEVELOPMENT 

K. Kennedy (1), LMSUer (1), & E. Oyono (1,2) 
l)Hydrogeology Center, Uni Neuchätel, CH. 2) Now at Geology Dept, Uni 

'ClennontFerrand, FR 
imre.muller@chyn.unine.ch/FAX: +41-32-718-2601 
Radio Magnetotelluric-Resistivity (RMT12 to 240 kHz) and Very Low Frequency- 
Electromagnetic (VLF-EM) surveys were used to characterize and discriminate 
between different porous media depositional environments as part of a site selection 
process. Despite extensive data for the prolific Seeland aquifer (Switzerland, BE), 
most data were too far apart to locally distinguish the differences in important 
sedimentary structures, erosion surfaces and permeability resulting from the area's 
complex depositional history. Continuous VLF-EM profiles and RMT data 
identified geologic heterogeneity over about 3km at six sites (Canton Berne). A1- 
D interpretation model of VLF-EM data yielded profiles with higjhly variable 
resistivity, underlying aquitard depth and topography at four of six sites. 
Interpreting the 2-D RMT data (20m spacing) confirmed these differences in the 
sedimentary materials and yielded patterns of buried river channels and aquifer 
/aquitard surfaces. The other two sites had more uniform aquitard depths and 
topography. Land ownership issues and aquifer depth resulted in the selection of 
one 'preferred site' where detailed VLF-EM profiles and RMT (>300 points, 5m to 
20m, 8000m2) measurements were made. RMT and VLF-EM data were combined 
to prepare a 3-D variability model of site aquifer thickness (12m to 18 m), aquitard 
topography (channel and ridge), and preferred permeability pathways (high 
resistivity). Drilling at 7 points confirmed aquifer depth, silty aquitard and gravelly 
aquifer resistivity interpretation. Modeling site ground water flow and transport 
will include structure and permeability from this geophysical characterization. 
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SYSTEM CHARACTERISATION FOR MODELLING CONTAMINANT 
TRANSPORT IN MULTI-SCALE FRACTURED PERMEABLE AQUIFERS 

D. Jansen (1), J. Kongeter (1) 
(1) IWW, University of Technology Aachen, Germany 
d.jansen@iwwjwth-aachen.de / Fax: 449-241-8888 348 

Correct characterisation of multi-scale fractured formations in terms of muW-continuum 
modelling is cmcial for »reigning the correct type of numerical model for simulating 
contaminant transport Multi-scale fractured formations comprise different hydraulic 
components causing the heterogeneous character of such systems (fracture sets on 
different scales and rock matrix). In the multi-continuum approach the integral system is 
separated into coupled homogeneous continua, each representing one component. 
Definition of equivalent parameters and description of exchange processes between 
the components is essential to the principle on homogenisation of multi-continuum 
systems. Especially appropriate simulation of exchange processes is highly 
dependent on the applied numerical model. A technique for reliable system 
characterisation and model identification is presented to determine the number of 
relevant components and the type of exchange process. The study is based on 
coupled field, laboratory and numerical transport experiments for a fractured 
permeable sandstone block (10x7x2 m) in southern Germany. A combination of 
hydraulic and geometric properties as well as transport response characteristics are 
identified as indicators in the characterisation technique. The study is performed by a 
co-operation of in total four experimenting and modelling groups. 

CHARACTERISATION AND MODELLING OF QUATERNARY 
OUTCROP ANALOGUES 

R. Klingbeil. G. Teutsch, S. Kleineidam, J. Whittaker, T. Aigner 
Applied Geology, Geological Institute, University of Tuebingen, Germany 
klingbeil@uni-tuebingen.de/fax: ++49-7071-5059 

As experience from test sites such as Bordon, Cape Cod and others shows, the 
subsurface characterisation of aquifers is often insufficient for detailed reactive 
transport predictions. In particular, high resolution, hydraulic and hydrogeo- 
chemical aquifer data is required for accurate groundwater risk assessments, 
clean-up studies or the optimisation of investigation methods. 
The outcrop analogue study presented here - a detailed sedimentological interpreta- 
tion and hydrogeological characterisation of Quaternary sand and gravel outcrops - 
led to a database of hydraulic conductivities, porosities and kinetic parameters for 
each lithologjcal fades present in the outcrops. This new approach incorporates in 
situ and laboratory measurements by hydraulic, pneumatic, geophysical, hydrogeo- 
chemical and sedimentological methods. The resulting 2D high-resolution data sets 
represent a veiy detailed database of excellent quality. 
On the basis of one example from an outcrop in southwest Germany the process of 
building up the database is explained and the results of modelling of transport 
kinetics in such heterogeneous formations are presented and discussed. 
The project is part of a special research programme funded by the German Science 
Foundation (DFG). 

NUMERICAL MODELS OF KARST DRAINAGE SYSTEMS 

G. Kaufmann 
Research School of Earth Sciences, Australian National University, Canberra 
ACT 0200, Australia. 
georg4rses.anu.edu.au/Fax: [61] 2 6249 5443 

We study large-scale evolution and flow in fractured karst aquifers by means 
of numerical modeling techniques. The flow in a fractured network of conduits 
and their subsequent enlargement through time as a result of calcite dissolu- 
tion within the medium is solved using an irregularly distributed network of 
conduits, based on the natural neighbours approach. The geometric flexibil- 
ity of this method, along with a simplified approach describing the dissolution 
process of limestone from the conduit walls, enables us to study both laminar 
and turbulent underground flow in a karst aquifer in its early stages. Prelim- 
inary modeling results performed in two dimensions agree well with observed 
drainage patterns in karst landscapes and thus encourage us to extend the simu- 
lations to three dimensions and to include more geologically oriented boundary 
conditions. 

CHARACTERISING ZONES OF LOCALLY ENHANCED CONDUCTIVITY 
FROM PUMP TEST DATA 

Rebecca J Lunn' and Rae Mackay2 

1. Department of Geology and Geophysics, University of Edinburgh, Edinburgh, 
UK, rebecca.lunn@glg.ed.ac.uk) 
2. Department of Earth Sciences, University of Birmingham, Birmingham, UK 
mackay@ers.bham.ac.uk) 

. ,   The identification of large scale flowing features with enhanced hydraulic 
conductivity is of particular importance to performance assessment calculations for 
radioactive waste disposal. Extensive zones of locally enhanced conductivity 
(ZLECs) can provide rapid pathways for radioactive waste transport from a deep 
repository to the ground surface. 

This research was commissioned by the Environment Agency of England and 
Wales (EA) to investigate the characterisation of ZLECs from borehole pump test 
observations. PARADIGM is a three dimensional, density dependent, saturated, flow 
and transport model developed for the EA for performance assessment of deep 
radioactive waste disposal sites. It is ideal for investigation of ZLECs, since it 
contains a detailed fracture flow representation. PARADIGM has been employed to 
simulate the response at a borehole from a single ZLEC within a surrounding matrix 
block of lower conductivity. The pumping interval jirttje' borehole is placed at 
different proximities to the ZLEC and the simulated pressure responses in the 
interval are analysed to determine characteristic response signatures. It is anticipated 
that the results of these investigations will help both in the interpretation of pump test 
data and in the design of pump tests for identification of nearby features, such as 
faults, as zones of locally enhanced conductivity. 
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Testing the validity of the HSSM KOPT model by simple laboratory column' 
experiments using differently structured soils 

MAKO.Andras - PATE University Keszthely, HUNGARY 

Laboratory infiltration column experiments were made to expand our experimental 
data base. The experiments were performed with four type of soil samples (sand, 
loess and two aggregated subsoils) using four type of liquids (distilled water, 
isooctane, cyclohexane and paraffin oil). The specific objectives of this research 
were: (1) to find easy experimental techniques to simulate spills in differently 
structured unsaturated media, (2) to perform spill simulations in one-dimensional 
column systems and generate a data base on the vertical movement of NAPLs in the 
unsaturated zone, (3) to test the HSSM KOPT model against the experimental 
results, (4) to evaluate the effect of the degree of aggregation on the simulation 
results. There was established that quantitative agreement of HSSM KOPT 
simulations with the experimental results depend on the accuracy of the input 
parameters. The results of the simulations were depended primarily on the saturated 
hydraulic conductivity. The estimation of this parameter is based on the result of our 
former measurements. The results show, that - as far as NAPLs are concerned - in 
structured soils the degree of aggregation is the factor which fundamentally 
determined the hydraulic conductivity. Therefore, in the case of structured samples, 
some modifications were made on the settings of the model, according to our earlier 
investigations, to use the real hydraulic conductivity values during the simulation. 

Alternative Geostatlstlcal Models of Contaminated Soil Stratigraphy 

J. A. Morakinyo (1) and R. Mackav (2) 
(1) Centre for Land Use and Water Resources Research, University of 
Newcastle Upon Tyne Newcastle Upon Tyne NE1 7RU, (2) School of Earth 
Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT 

Interpolation of measured data on lithology at shallow contaminated land 
sites is an important requirement for both the economic development and 
validation of remediation schemes. The potential for Improved estimation of 
regions of contamination using flow and transport models requires 
knowledge of the spatial character of the hydraulic properties of the soils. 
The number of trial pits and auger holes used at most sites is sufficient for 
the application of spatial statistical methods of characterisation. This is 
particularly true wherein models of lithological variations alone are required. 

A site is used which has been sampled with 146 trial pits on an area of 80 ha. 
The lithological data from these pits have been used to set up two 
geostatistical models. A further 200 boreholes on a regular grid over the 
domain have been constructed to provide a validation of the remedial actions 
undertaken. This second data set provides an Independent validation of the 
models. Using the two data sets the effectiveness of the two truncated 
Gaussian models has been examined. The approaches used to construct the 
underlying mathematical models and the uncertainty In the underlying models 
have been addressed. The results show the importance of including soft data 
in the definition of the statistical models underpinning both methods in order 
to define the anisotropy of the soil structures forming the region. 

USING THE AQUIFER ANALOGUE PRINCIPLE FOR THE 
INVESTIGATION OF THE FRACTURED POROUS SYSTEM :- NEW 
TECHNIQUES AND MODELLING CONSIDERATIONS. 

C.McDermott. M.Sauter, R.Leidl and GTeutsch 
Applied Geology, Geological Institute, University of Tübingen, Sigwartstr. 
10, D-72076 Tübingen, Germany. 

New laboratory and sample recovery techniques are presented enabling the 
determination of the three dimensional physical parameters of undisturbed 
fractured porous sandstone bench scale samples, ( 30cm diameter x 40 cm 
length ). Gas tomographical experimentation with helium as a tracer in a 
specially designed experimental cell provides different scaled information 
which is then combined to give an analogue of the fractured aquifer. 
Analysis of the results to date using a multi-shelled model have shown that 
the dimensionality of the flow field as well as the structure of the sample 
plays an important role in the understanding of the system. 

Alternative Geostatistical Models of Contaminated Soil Stratigraphy 

J. A. Morakinyo (1) and R. Mackav (2) 
(1) Centre for Land Use and Water Resources Research, University of 
Newcastle Upon Tyne Newcastle Upon Tyne NE1 7RU, (2) School of Earth 
Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT 

Interpolation of measured data on lithology at shallow contaminated land 
sites is an important requirement for both the economic development and 
validation of remediation schemes. The potential for improved estimation of 
regions of contamination using flow and transport models requires 
knowledge of the spatial character of the hydraulic properties of the soils. 
The number of trial pits and auger holes used at most sites is sufficient for 
the application of spatial statistical methods of characterisation. This is 
particularly true wherein models of lithological variations alone are required. 

A site is used which has been sampled with 146 trial pits on an area of 80 ha. 
The lithological data from these pits have been used to set up two 
geostatistical models. A further 200 boreholes on a regular grid over the 
domain have been constructed to provide a validation of the remedial actions 
undertaken. This second data set provides an independent validation of the 
models. Using the two data sets the effectiveness of the two truncated 
Gaussian models has been examined. The approaches used to construct the 
underlying mathematical models and the uncertainty in the underlying models 
have been addressed. The results show the importance of including soft data 
in the definition of the statistical models underpinning both methods in order 
to define the anisotropy of the soil structures forming the region. 

UNSATURATED MEDIA STUDY IN SOILS WTTH MACROPORES 
THROUGH PSEUDO-SATURATION APPROACH: AN APPLICATION IN 
BASALTIC TERRA ROXA ESTRUTURADA SOIL, SOUTHERN BRAZIL. 

E. M. Mendiondo and J. AjGoldenlinn flPH-TJEROS RnaBentn Goncatves 9500, 
PO Box 15029, CEP 9150 l-970,Porto Alegre, RS. Brazil) 

In this work, an alternative approach of himodal porosity distribution for 
experimental 8(ip) relations in heterogeneous soils is presented The method tries to 
identify i) the pseudo-saturation volumetric content, ops, wtiirh nnt only represents 
relative macroporoshy, £, but also influences hydraulic characteristics of 
unsaturated media, ii) equivalent diameter-ofthc main subsystem, 4,i and in) 
equivalent diameter of the macropores' subsystem, c«, iv) and van Genutchen 
mathematical constrains are satisfied. The relative maempomsityis defined 
through the relationship betwen the volumetric macroporoshy and the total 
volumetripcapacity. The two hypothesis-arc: i) that the whole retention curvecan 
be described by the combination of two simple curves acting in differentiated pans 
of (8s-8r),ü) the derived relative hydraulk conductivity curve js corrected due to 
which pore domain, principal or secondary, is being analysed on This methodology 
is performed over 30 8(v(i) experimental curves, ranging from the top surface to the 
first 100 cm deep horizons, on a rich clay, farming Terra Rom Estruturada soil of 
the Sulriogandense Basaltic Plateau, Southern Brazil. These soils are located in an 
agriculture hillslope, with conventional tillage, showing evident swelling effects as 
well as with macropore dynamics in upper horizons. The results show evidences of 
a second system that represents one third of the underlying soil water storage 
capacity. TAe experimental results showed freliminar evidences that pscudo- 
saturation method discriminate more easily the fraction of pores in the soil that can 
have a dual behavior, related to macroporosity effect. 

DETERMINING A SUITABLE FRACTURE NETWORK MODEL AS A 
BASIS FOR GROUNDWATER-MODELLING IN A FRACTURED 
CRYSTALLINE AQUIFER 

U. Ofterdinger. P. Renard 
Geology Institute, ETH-Zürich, Switzerland, ofterd®erdw.ethz.ch 

The modelling of groundwater flow in a high mountainous region poses many 
questions concerning the influence of e.g. glaciation and seasonal variations on 
groundwater recharge, residence 'titfe of the groundwater, and groundwater 
contribution to the overall run-pff. Modelling the groundwater flow through a 
fractured media requires the consideration of aspects such as preferential flowpaths 
versus matrix flow, the validity of flow equations and particularly the distribution 
and connectivity of the discontinuities. The objective of the underlying project to this 
presentation is to evaluate and model the groundwater flow through fractured 
crystalline rock in high mountainous regions. A study area of approximately 24 km2 

was chosen in the western part of the Gotthard-massif (Switzerland) consisting 
dominandy of the late hercynian intrusive Rotondo-Granite between elevations of 
1500 m to 3200 m. This poster presents the collected data of the fracture distribution 
from surface outcrops, subsurface excavations and aerial surveys, as well as the 
statistical analysis of these parameters. Investigations of the geostatistical and fractal 
properties of the fracture distribution are shown, and an outlook for the most suitable 
approach, accommodating the objective of the overall project, is presented for 
dis ussion. 
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A NEW APPROACH TO SEDIMENT EROSION AND DEPOSITION IN AN 
ALLUVIAL SYSTEM. 

VJMes (1), E. Penier (2) and G <fc Maisily (1) 
(1) Laboratoire de Geologie Appliquee, Universite Paris VI (2) Laboraloire 
d'Informatique Appliquee, ORSTOM 
teles@biogeodis.jussieu.tr / Fax: +33 (0) 1 4427 51 25 

One method used to reach geologic, formation heterogeneity is simulating 
sedimentary processes. The aim of this method is to reconstruct the complexity with 
a genetic view point. The new approach presented here is a multi-agent model 
applied to alluvial deposits. On the basis of empirical observations on flume and 
hydrodynamic equations, we determine a set of global rules of sedimentation and 
erosion in an alluvial system. We divide the sediment load into a few lithologies 
(gravel, sand or clay). Each « particle » of a given lithology moves along the river 
and « decides » tor itself to sediment according to its neighbourhood information. 
Erosion takes place in the same way. A «particle» represents an elementary 
volume of sediment, this volume depends on its lithology. This model is tested in a 
meandering environment of an alluvial system and it shows bend migration with 
point-bar deposits, cut-offs and the filling of oxbow-lakes. 

NUMERICAL SIMULATION OF THE FLOW AND TRANSPORT OF 
NAPLS IN HETEROGENEOUS POROUS MEDIA 

J. Whittaker (I). O. Teutsch m. P. Grathwohl (I) and E. Sudickv (2) 
(1) "Geological   Institute,  University  of Tübingen,  Sigwartstr.   10,  D-72076 
Tübingen, Germany. (2) Waterloo Centre for Groundwater Research, University of 
Waterloo, Waterloo, Ontario, Canada N2L 3G1 

The flow and transport of nonaqueous phase liquid (NAPL) contaminants is 
particularly sensitive to spatial variability in hydraulic properties. Thus challenges 
of parameter identification in real aquifer systems lead to difficulties in the 
prediction of the fate of NAPLs in the subsurface. However the spatial distribution 
of residual phase and/or pools has direct consequences on the rate at which the 
NAPL partitions into the groundwater, which again has important implications for 
the clean up of contaminated sites: the rate at which the dissolution processes occur 
determines the efficiency and duration of remediation efforts, e.g. by pump-and- 
treat, or the bioavailabilty of the contaminant for degradation. Since statistically- 
generated conductivity fields often do not appear to closely resemble the structural 
characteristics of sedimentary deposits, in this study the release of a NAPL and its 
subsequent migration in highly heterogeneous sand and gravel deposits is 
simulated for a data set formed by the interpretation and mapping of sedimentary 
structures observed in an outcrop. As a comparison, the ability to predict the 
resulting dissolution characteristics using conductivity fields generated by 
geostatistical techniques is assessed. 

USING PRECORRECTED RAW DATA IN COMPUTER TOMOGRAPHY 
TO QUANTIFY STRUCTURES IN DENSE POROUS MEDIA 

A. Timmerman (I), K. Vandersteen (1), G. Marchal (2), T. Fuchs (3), and J. Feyen 
(1) 
(1) Institute for Land and Water Management, KULeuven, Belgium (2) Laboratory 
for Medical Imaging Research, Radiology, KULeuven, Belgium (3) Institut fur 
Medizinische Physik, Erlangen, Germany 
anthony.timmerman@agr.kuleuven.ac.be/FAX: +31 -16-329721 

In contradiction to colouring and impregnation techniques, Computer Tomography 
is a nondestructive technique which can provide 2 and 3 D images of porous media. 
Therefore it is a powerfull tool to characterize porous media and derive proper 
parameters for modelling purposes. However, before this technique can be used as a 
full quantitative technique for dense porous media (f.e. soil, mortar), some 
drawbacks from this medical technique should be solved. In this research a 
profound investigation of the beam hardening effect, which influences the 
quantitative interpretation for porous media, was carried out. Well known phantom 
objects (glass, PVC and plexiglass cylinders) with and without air inclusions were 
used for this purpose. A program was written to precorrect raw data before 
reconstructing images of these dense materials wherebye the chemical composition 
and the weighting coefficients of the different components are the input parameters. 
A major improvement was achieved in reducing the beam hardening effect using the 
precorrection and material specific program for homogeneous phantom objects. 
These results are very promising to use this medical technique for non-medical 
purposes such as the (exact) quantification of pores and fractures in dense materials. 

MC SIMULATION OF TRANSPORT IN 2-D HETEROGENEOUS 
ANISOTROPIC MEDIA WITH THE FLOW ORIENTATED IN AN ANGLE 

E.LWipfler(l), X. Sanchez-Vila(2) and J. Carrera-Ramirez(2) 
(1) Wageningen Agricultural University, Dept. of Environmental Sciences (2) ETSE 
Camins, Canals I Ports, Universität Politechnica de Catalunya, Barcelona 
Louise.wipfler@bodhyg.benp.wau.nl/ fax:+34-317-483766 

The development of a plume of solutes injected in a stochastic anisotropic medium is 
studied when the flow is orientated in an angle with the main direction of anisotropy. 
Of specially interest is the angle that the main axes of the plume will develop com- 
pared to both the direction of the mean flow and the anisotropy. A 2-D numerical 
Monte Carlo approach (500 real.) is followed. The anisotropy ratio of the hydraulic 
conductivity field, A,/^, is 5 and the size of the field is 21Ä, and 108A, in resp. the 
x- and y-direction. 800 conservative solutes are injected instantaneously in one node 
and local dispersion is considered. The position of the particles and spatial moments 
are recorded periodically. The simulation results in a width range of plume sizes 
both in terms of displacement of 5i^ center of mass as in terms of the dispersion 
around these centers. The distributiqj&f the hydraulic conductivity field is found 
decisive for the evolution of the"plirij|t, The angle of the plume goes in general offset 
from the mean direction of the flow hi the direction of the anisotropy. Both if we 
look at the distribution of the particles' in a^the realizations (400,000) as when we 
consider the realizations separately. The former turns eventually to the mean flow 
direction. The last however stays even after large travel times offset in the direction 
of the anisotropy. The results do not coincide with the ergodic hypothesis. 

DESCRIBING AND CHARACTERIZING MACROPOROSITY IN A LOAM 
SOIL USING DYES TO PREDICT SATURATED HYDRAULIC 
CONDUCTIVITY 

A. Timmerman (1), D. Mallants (2), and J. Feyen (1) 
(1) Institute for Land and Water Management, KULeuven, Belgium, (2) Belgian 
Nuclear Research Centre SCK.CEN, Mol, Belgium 
anthony.timmerman@agr.kuleuyen,ac.be/F AX:+31-16-329721 

Nowadays, there are several techniques available to characterize porous features in 
structured soils. Adding colored dyes under ponding conditions is probably one of 
the most known and 'easy to use' techniques to visualize macropore patterns. In this 
research, a 0.1 % concentrated MB dye solution is added under ponding conditions 
to 20 saturated soil cores (20-cm ID and 20-cm long). Different size and shape 
variables were used to characterize macroporosity at three different depths and two 
different scanning resolutions using a set of size and shape variables described in 
literature. Macropores were also divided into different size groups following a 
circularity index criterium. Differences between mean values of the variables at the 
three depths and between different scanning resolutions were statistically 
investigated. Later on, macropore pattern variables were calculated and used in a 
regression analysis to predict the saturated hydraulic conductivity. Results show a 
discernible difference between depths for some size and shape variables indicating 
different structures and between resolutions indicating the importance of the 
methodology. Generally, the macropore pattern variables (for all macropore groups 
and scanning resolutions) calculated from individual size variables have the largest 
correlation coefficient with the saturated hydraulic conductivity. 

A FINITE ELEMENT ALGORITHM FOR SIMULATING 
GROUNDWATER FLOW, HEAT AND CONTAMINANT 
TRANSPORT IN DISCRETELY FRACTURED ROCKS 

Jianwen Yang1 and R N Edwards1 (1. Geophysics Division, Department of 
Physics, University of Toronto, 60 St. George St., Toronto, Canada, M5S 1A7, 
E-mail: jianwen@geophy.physics.utoronto.ca, Fax: 416-978-7606) 

Previous studies on groundwater flow and contaminant migration in discretely 
fractured earth media have examined forced convection. Density differences be- 
tween contaminated fluid and ambient groundwater have largely been ignored. 
Density differences can result from variations either in solute concentration or 
in temperature. We fully integrate the coupled time-dependent fluid, solute 
and heat transport equations for discretely fractured porous media, develop a 
finite element algorithm to solve these equations and investigate the behaviour 
of non-linear convective mechanism of contaminant transport. The numeri- 
cal experiments indicate that density variations of contaminated groundwater 
can drive fluid convection even if there are no external forces. The strong 
density contrast between the ambient groundwater and the invading contam- 
inant plume promotes downward advectjon of the contaminant plume and a 
return flow of less dense material. The multiply fractured models are compa- 
rable to uniformly anisotropic models as long as both have the same averaged 
permeabilities and other physical parameters. It is confirmed that in typical 
field conditions where fracture apertures and spacings are non-uniform and 
commonly unknown, plume patterns and migration rates and directions for 
variable-density dissolved contaminant are very difficulty to predict. 
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groundwater hydrology 

Convener: Giudici, M. 
Co-Convener: de Marsily, G. 

HEADS AN» DENSITIES FOR CALIBRATING A MODEL OF A LOW 
PERMEABILITY GROUNDWATER SYSTEM 

AJLBalh1. P J Degnan' and C P Jackson' 
'Colder Associates, "UK Nlrex, *AEA Technology 

Groundwater heads and densities were among the data that were used to calibrate a 
regional-scale model of a low permeability, variable density, groundwater system as 
a location for a repository ihr radioactive waste. This paper describes the 
derivation of these data with appropriate uncertainty ranges. Environmental heads 
are derived from environmental pressures and groundwater densities. 
Environmental pressures were obtained from hydraulic tests over discrete intervals 
in boreholes and by subsequent monitoring. Uncertainties In the Interpreted 
pressures from hydraulic tests can be relatively large for low permeability intervals. 
They were estimated for tome tests by test simulation software, and in the other 
tests by using an inverse correlation between uncertainty and permeability. 
Densities were estimated from chloride concentrations, which had been measured 
on water samples taken from specific test intervals. Contamination of samples with 
drilling fluids was monitored by use of a tracer. Uncertainty in density derives 
from uncertainty in the actual groundwater composition and in the empirical 
relationship between chloride and density, and also from Interpolation of vertical 
density profiles. Calculations of heads and densities were integrated and 
uncertainties were propagated probabilistically, The dominant sources of 
uncertainty are (i) Interpretation of hydraulic test pressure data, and (U) correction 
ofgroundwatersampUcomposiUoMforcontahdiiation. Ranges in head values 
vary from ±2 to ±40 metres, and are up to ±5 kg-jn** in groundwater density values. 

ASSESSMENT OF TRANSMISSMTIES IN ARID ALLUVIAL BASIN BY A 
MIXING CELL MODEL APPLIED TO SPATIAL HYDROCHEMICAL AND 
ISOTOPIC DISTRIBUTION IN GROUNDWATER 

Eilon M, Adar 
Blaustein Institute for Desert Research, and Dept of Geological and Environmental 
Sciences, Ben-Gurion University of the Negev, Sede Boker Campus, Israel 
eilon@bgumail.bgu.ac.il 

A mixing cell mathematical model was applied to assess transmissivities and 
quantify subsurface fluxes in an aridbasin with complex hydrogeological structures 
for which scarce physical hydrologic information is available. The model is based on 
spatial distribution of environmental tracers such as dissolved minerals and relies 
heavily on stable isotopes of 0-18 and D. It is assumed that spatial variations of 
ions and isotopes in the aquifer can be attributed to mixing and dilution of several 
sources of groundwater recharge. Tracers are assumed to be conservative along the 
flow path. The flow domain is divided into discrete mixing cells based on the 
distribution of the dissolved constituents. Environmental tracers ate then used to 
write a set of water and mass balance equations in a compartmental flow system, 
such mat the unknowns are transmissivities, groundwater fluxes and sources of 
recharge. Quadratic programming is applied to assess the above-mentioned 
unknowns. The model has been tested for multi-cell flow systems with synthetic 
data and known solution. Later, the model was implemented in the alluvial basin of 
the southern Arava Valley located norm of the gulf of Eilat shared between Israel and 
Jordan. Results indicate that the calculated transmissivities for the alluvial aquifer of 
the Southern Arava are close to what was obtained with interference, recoveiy and 
draw-down pumping tests prevailing in the southern Arava basin. 

PREDICTION OF THE WATER RETENTION PROPERTIES 
OF SOILS: PERFORMANCE OF AVAILABLE PEDOTRANSFER 
FUNCTIONS AND DEVELOPMENT OF NEWS APPROACHES. 

G. Bastet (1), A. Bruand (1), M. Voltz (2), P. Quetin (1) and M. Bornand (2) 
(1) INRA Orleans, Unite de Science du Sol - SESCPF, 45160 Ardon, France, 
(2) INRA Montpellier, Unite1 de Science du Sol, 2 place Viala, 34060 Montpellier 
cedex 1, France. 

The objectives of this study are to evaluate the validity of six earlier published 
pedotransfer functions (PTFs) in order to estimate the water retention prop- 
erties of soils of France, and to develop new PTFs when the available ones 
are not appropriate.These PTFs require various combinations of soil charac- 
teristics: particle size distribution, bulk density, soil water content values at 
—330 hPa and at —15000 hPa and soil organic matter or carbon. They were 
tested using data for nearly 400 soils located mostly in the Paris basin and 
on the Mediterranean coastal plain. We measured the water content on clods 
5 - 8cm3 in volume at 8 values of matric potential ranging from -10 to -15000 
hPa. The first results show that the performance of the tested PTFs was largely 
variable, from acceptable to extremely bad. The difference in performance of 
the tested PTFs could not be related to the number or kind of basic soil charac- 
teristics they used as predictors.The actual work tends to take into account the 
nature (granulometry and mineralogy) and fabric (coarse-fine fractions rela- 
tionships) for the establishment of PTFs which would be not exclusively based 
on statistical relationships but on a more mechanistic approach. 

WHAT IS WRONG IN THE KOZENY-CARMAN APPROACH? 

Avkhadiev F.G. and Kacimov A.R. 
Institute of Mathematics and Mechanics, Kazan University, Russia. 
t avhadievCksu ■ ru / 
Since the celebrating works of Slichter, Blake, Kozeny, Carman and their fol- 
lowers-(see the books of Adler, Bear, Dullien, Kaviany, de Marsily, Romm, 
Scheidegger for further references) conductivity evaluations are based on so- 
lution of the viscous flow (Poisson) equation in a tube with either non-slip 
(saturated regime) or free surface (moisture flow) boundary conditions. Sim- 
ilarly, the Taylor-Aris theory of dispersion involves the mean velocity as an 
averaging of the 'parabolic profile'. We show that the standard averaging of 
velocity over the tube (equivalent to pore) area can lead to erroneous results. 
Namely, for a wide variety of geometries (typical in fractured media or non- 
saturated regimes) the standard 'mean velocity' is zero. We establish rigorously 
the minimal total conductivity for a two phase flow through a bundle of cap- 
illaries of various cross-sections using the Dirichlet, Newman, and 4-th type 
boundary conditions. From rigorous solutions of the Stokes and Navier-Stokes 
equations in the 2-D case we derive the medium conductivity by composition of 
'structural elements' - bends, orifices, and common 'cubic law' smooth fracture 
segments. The corresponding results are compared with approximations of the 
lubrication theory. For tracers spreading within fractures, a method of cou- 
pling of a bulk 'kernel' region where flow takes place with practically stagnant 
Turner-type zones is proposed. 

THE MODEL OF WATER EXCHANGE BETWEEN 
CASCADE OF RADIOACTIVE WATER RESERVOIRS OF 
TECHA RIVER (SOUTH URAL) AND GROUNDWATER, 
AS THE TOOL OF VERIFICATION OF BALANCE 
CONSTRUCTIONS. 

G. I. Batrak 
Institute  of Environmental Geoscience    of Russian Academy 
of Sciences, Moscow, 
batrak@geoenv.msk.su7 fax: (7 095) 923 18 86 

The analysis of the Techa River Radioactive Reservoirs water 
balance shows, that the data on volumes of groundwater 
receiption into the reservoirs and value of filtration losses from 
them is the most poorly investigated. At the same time this part 
of the water balance can be large and sometimes close to surpass 
values of radioactive waste leakages. Hydrological-filtration 
model can serve as independent tool for fulfilment of expert 
valuations connected with the question on interrelation 
between researched reservoirs and groundwater. The created 
model helps to explain the dynamics and directions of the 
processes and allows to specify balance accounts. 
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RELIABILITY OF TRANSMISSIVITY MEAN AND VARIANCE 
ESTIMATION BY PROCESSING A LIMITED SET OF DATA 

llariaButera and Maria Giovanna Tanda, D.I.I.A.R. 
Dep. of Hydraulic, Environmental and Surveying Engineering 
e@mail: ilaria@idra5.iar.polimi.it; tanda@idra5.iar.polimi.it 

This study aims to define the reliability of the parameter 
estimation of the transmissivity probability density function in 
heterogeneous 2-D aquifers. 
The work hypotheses are that a limited set of measurements is 
available for parameter estimation, the transmissivity is log- 
normal distributed and the integral scale is finite. The 
investigated parameters are the mean and variance of the log- 
transmissivity. 
The analysis of the parameters reliability is carried on with 
regard to the density of measurements both regularly and 
randomly spaced, the size of whole investigated domain and 
the methodology of parameter estimation. 
A theoretical analysis, based on the theory of random functions 
is developed and the finds are compared with the results of a 
Monte Carlo process. 
With regard, to the methodology of parameter estimation, the 
simple method of moments and a method based on 
geostatistical theory are compared. 

EVALUATION OF PREDICTION INTERVALS TOR EXPRESSING 
UNCERTAINTIES IN GROUNDWATER FLOW MODEL PREDICTIONS 

S. Christensen (1) and R.L. Cooley (2) 
(1) Depl of Earth Sciences, University of Aarhus, (2) U.S. Geological Survey, Denver 
steenchr@geoserverl.aau.dk/Fax:+45-86180037 

We tested the coiiectness of 95% individual likelihood-method prediction intervals for 
hydraulic heads, streamflow gains, and effective transmissivities computed by 
groundwater models of two Danish aquifers. To compute the intervals, we assumed that 
each predicted value can be written as the sum of a computed dependent variable and a 
random component that is a composite of small-scale variability and errors such as 
measurement errors. The small-scale variability adds to the computed dependent 
variable because the model parameters commonly represent only important, or large 
scale, hydrolpgic and geologic features of the actual system. Testing was accomplished 
by using a cross-validation method, and by using new field measurements that were not 
used to develop or calibrate the models. The tested null hypotheses are that the actual 
coverage probability of the prediction intervals is not smaller than the nominal 
probability (95%) arid that each actual tail probability is either riot larger or not smaller 
than the nominal probability (2.5%). In all the cases tested these hypotheses were 
accepted at the 5% level of significance. We also tested and accepted the hypotheses 
using linearized approximations of the prediction intervals, because the nonlinear and 
linear intervals in most of the cases were nearly identical. We conclude that for the 
groundwater models of two real aquifers the coverage and tail probabilities of the 
prediction intervals appear to be correct 

STOCHASTIC INVERSION INTEGRATING EXHAUSTIVE 
GEOPHYSICAL DATA IN A NON-GAUSSIAN FRAMEWORK 

Jos£ E. Capilla, J. Jaime Gömez-Hernändez, Javier Rodrigo and Andres 
Sahuquillo 
ETSI Caminos, Canales y Puertos. Universidad Politecnica de Valencia. 
jcapillaCdihma.upv.es 

The difficulty and even impracticability of exhaustively measuring hydraulic 
conductivity (K) over a dense grid leads to perform field surveys which yield 
other parameters that can be related, through correlations or trends shown 
by scattergrams, with K. If this information is properly incorporated in the 
inverse problem techniques can provide a way to better identify model param- 
eters and then to improve the characterization of the uncertainty of flow and 
mass transport predictions. A new technique to incorporate secondary infor- 
mation in the stochastic inversion of piezometric data is presented. It does not 
required to assume the classical multigaussian hypothesis for the K field and 
can also incorporate soft data like those coming from the expert judgement or 
general geologic considerations. It preserves the connectivity of extreme con- 
ductivity values accounting for all the available primary and secondary data. 
The methodology is applied to study the uncertainty of flow and mass trans- 
port predictions using the MonteCarlo method. The case study corresponds to 
a synthetic aquifer with a non-gaussian K field and secondary information along 
several seismic lines. The simulations are done assuming different data scenar- 
ios. Results prove the practical possibilities of the method and the importance 
of incorporating secondary data in the stochastic inversion. 

DJENTmCATION OF ZONES AND GROUNDWATER PARAMETERS 
AT A HETEROGENEOUS AQUIFER, USING A 3D INVERSE FLOW AND 
TRANSPORT MODEL. 

H. ChristiansenBarlebo(1,2),M.C.Hill (3), and D. Rosbjerg (1) (1) Department of 
Hydrodynamics and Water Resources (ISVA), Technical University of Denmark, 
(2) Geological Survey of Denmark and Greenland   (GEUS),   Copenhagen,'  (3) 
U.S. Geological Survey, Boulder, Colorado hcb@geus.dk/Fax: +45-3814-2050 

A site near Columbus, Mississippi has been the location for intensive studies of 
flow and transport in heterogeneous aquifers. A large amount of data including 
hydraulic heads, hydraulic conductivities, and tritium concentrations from a 
controlled injection have been collected during the MADE experiments. The use of a 
three-dimensional inverse groundwater model including simultaneous estimation of 
flow and transport parameters was proposed to help identify the dominant 
characteristics at the site. Simulations show that using a hydraulic conductivity 
distribution obtained from 2187 borehole flowmeter tests directly in the model 
produces poor matches to the measured hydraulic heads and tritium concentrations. 
Alternatively, using time averaged hydraulic-head maps to define zones of constant 
hydraulic conductivity to be estimated improves the match to the measured hydraulic 
heads, bUt the match to tritium concentrations is still poor. Finally, including 
conservative transport information obtained from the measured tritium concentrations 
to adjust the zonation pattern implies the overall best matches. Inverse results show 
that many of the major plume characteristics can be explained by large-scale 
heterogeneity  in  recharge  and  hydraulic conductivity. 

ON THE GEOSTATISTICAL INVERSION OF INTERFERENCE 
TESTS 

J. Carrera, P. Meier and A. Medina 
School of Civil Engineering Technical University of Catalonia, Barcelona, Spain. 

Transmissivity estimates derived by means of Jacob method are independent 
of the observation well location (Meier el al, 1998). Moreover, estimated trans- 
missivity appears to be very close to its effective large scale value, rather than 
to the geometric average of point values, at least for the stationary fields they 
tested. This finding might suggest that one cannot derive variability patterns 
from multiple well pumping tests. Actually, information on varibility is pro- 
vided by the time intercept of Jacob's semilog plot and by the early time shape 
of the drawdown curve. In order to test whether this information is sufficient 
for defining heterogeneity trends, we performed geostatistical inversion of both 
synthetic and real pumping tests performed on heterogeneous media with sev- 
eral observation wells. The conclusion of our work is multifold: (1) the most 
significant heterogeneity patterns within the test area can be identified; (2) the 
test provides little information outside the region covered by the observation 
wells; (3) the shape of the regions of high transmissivity is highly sensitive to 
the assumed heterogeneity structure. 

TEMPERATURE - CARBON DIOXD3E PARTIAL PRESSURE TRENDS IN 
CONFINED AQUIFERS 

A. Condrain-Ribstein (1). P. Gouze (2) and G. de Marsily (1) 
(1) Sisyphe CNRS-UPMC Paris* (2) Geofluides CNRS-Univ. Montpellier 
coudrain@biogeodis.jussieu.fr/Fax: 33-1 44 27 51 25 

What mechanisms control the carbon dioxide partial pressure (Pec?) at depth ? 
Transformation of organic carbon ? Equilibrium with carbonates 7 Magmatic flux ? 
More than 500 published data of Pati were collected for solutions from about 30 
confined aquifers. The Pmi data plotted vs. temperature (T) are clearly grouped 
into two curves. The lower curve corresponds to magmatic rock environment, the 
PC02 varies from 10"6 to 50 bars when T increases from 10°C to 300°C. The higher 
curve corresponds to sedimentary environment, the Pcoz varies from 2-10"3 to 130 
bars when T increases from 10°C to 200°C. Such trends of ?coj can be computed 
thermodynamically by expressing CQj as a function of mineral phases (mj) and 
their stoichiometric coefficient (Oj) : CCfe o £j otj mj where the set of minerals is 
either {calcite, Ca-Al-silicate, other silicates} or {calcite, dolomite, Mg-Al-silicate, 
other silicates}. If a solution is at equilibrium with respect to these minerals, the 
/"coi value equals the product of their thermodynamic constants mainly dependent 
on temperature and independent of other characteristic such as chloride content: 

/»CO2 = H Kj"01]. The set of minerals including one carbonate fit the lower Pooj data 
from magmatic rocks. The one including two carbonates fit the higher Pa>2 data 
from sedimentary environments. These results allow to provide geochemical 
constrain when modelling evolution of chemical composition hi aquifers. 
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GEOSTATISTICAL SIMULATION OF AN AQUIFER, CONDITIONED 
BY HEAD AND TRANSMISSIVITY MEASUREMENTS. 

M. CUYPERS (1). C. de FOUOUET (2i 
(1) now at: Geoscience research Centre, ELF Exploration UK; London, GB 
maarten@elfgrc.co.uk, Fax +44 171 963 5061 
(2) Ecole des Mines - Centre de Geostatistique, Fontainebleau, France 
fouquet@cg.ensmp.fr, Fax 33 (0)1 64 69 47 05 

Geostatistical conditional simulations are an approach of inverse problem, in the sense 
that they provide a family of transmissivity fields, consistent with the experimental 
hydraulic .head and transmissivity measurements. Moreover, the geostatistical 
simulations reproduce the spatial variability of the transmissivity, as inferred on the 
variogram and experimental bivariate spatial distribution. 
One apply here a approached method for conditioning the transmissivity simulations 
by the experimental values of head and transmissivity, using a linearization of the 
diffusivity equation for calculating the residuals of each variable. The covariances 
used for conditioning colcriging are calculated numerically, for taking into account the 
limit conditions and recharge. 
The studied aquifer, sampled with 26 piezometers, can be modelised in 2 dimensions, 
and permanent flow. Boundary conditions and recharge values are given from the 
hydrogeologic study. 500conditional simulations are built 
The validity of the linearization in the conditioning step is controlled numerically. 
The incertitude on the real value of the transmissivity is evaluated empirically on the 
500 simulations: range of variation or standard deviation at each grid nod, histogram 
at some grid nods... 

UPSCALING AND DOWNSCAL1NG: TRAVELING UP AND 
DOWN THE", SCALES LADDER 

J. Jaime Gömez-Hernandez 
Department of Hydraulics and Environmental Engineering, Polytechnic Uni- 
versity of Valencia, 46071 Valencia, Spain. 

Some times data is collected at a scale smaller than that of the blocks in the 
numerical model. Some times the opposite is true. The process of integrat- 
ing data at a small scale into a single homogeneous values at a larger scale is 
called upscaling. The process of assigning values to the model grid blocks based 
on a single datum representative of some average value over a larger area is 
called downscaling. Whereas upscaling is more common than upscaling both 
are problems involving the identification 6f model parameters from data col- 
lected at a different scale. The naive approach of assigning the measured values 
to the model blocks disregarding the discrepancy of scales is still commonly 
used. However, in aquifers with mild heterogeneities, not accounting for the 
smoothing effects occuring while traveling up the scales ladder might result in 
severe prediction errors. 
It has been finally recognized that upscaled and downscaled values are not in- 
trinsic aquifer properties. The change of scale can be rigorously done only if 
the boundary conditions controling flow in the area of study are taken into ac- 
count. And even when the boundary conditions are taken into account, the aim 
of the problem should influence the upscaled/downscaled values. For example, 
the upscaled conductivity that matches average flow in the aquifer does not 
have to be coincide with the one matching contaminat breakthrough times. 

CALCULATION OF HOMOGENIZED PARAMETERS FOR UP- 
SCALING TRACER FLOW THROUGH HETEROGENEOUS ME- 
DIA 

D. Fenwick and R. Lenormand 
Institut Fran;ais du Petrole, Rueil-Malmaison, France . 
roland.lenoraandCifp.fr/Fax: [+33] 1 47 52 70 72 

In this paper, we use the MHD approach that generalizes the traditional de- 
scription of macrodispersivity for strongly heterogeneous fields. The MHD 
model permits us to describe the flow of a tracer using two parameters, H 
and D, which describe the heterogeneity. The parameter H characterizes the 
correlated heterogeneity leading to convective spreading of the invading fluid 
(spreading proportional to traveled distance x). Non-correlated heterogeneity 
that causes diffusive spreading of the front (spreading proportional to sqrt(x)) 
is characterized by the dispersivity D. 
We then calculate the homogenized parameters <D> and <H> when a 2-D 
fine grid displacement is collapsed into 1-D containing N coarsened cells. Three 
approaches are studied: (1) When the MHD model is used, the homogenized 
parameters have the same value in all cells, and <D>=D, <H>=H, (2) When 
the advection-dispersion equation is used, <H>=1, and the pseudo-dispersivity 
<D> is a function of N and depends on the cell position (x), (3) When the 
fractional flow is assumed to be a function of concentration only (the method 
of characteristics approach), <D>=0 and <H> is also a function of N and x. 
Tie space dependence of <D> has been observed during tracer tests and sim- 
ulations. The MHD model is the first to be able to predict this dependence. 

UNDERSTANDING THE DUAL-PERMEABILITY BEHAVIOUR OF FRACTURED 
CHALK USING THE EXAMPLE OF ATRAZINE CONTAMINATION AT A 
PUMPING STATION. 

Ph. Gouze (1), R. Mackay (2) and T. Muten (3) 
(1) CNRS, UMR 5569, Montpellier (F), (2) School of Earth Sciences, Birmingham 
(UK), (3) Environment Agency (UK) 
Ph.Gouze@dstu.univ-montp2.rr/Fax: 33-4 67 14 47 74 

The nature of flow and transport around a pumping station in North Wiltshire (UK) 
is analysed to obtain insight into factors affecting atrazine contamination. The 
apparent correlation between atrazine concentration and abstraction rate at the 
pumping well is discussed in terms of the dual-permeability behaviour of the chalk 
aquifer. This problem is tackled using a dual continuum numerical model in which 
integrated flow, transport and chemical processes are established for both continua, 
which are assumed to co-exist at all points in space. The parameters controlling the 
advective and diffusive mass transfers between the two continua are studied 
together with the classical hydrodynamic and chemical parameters that characterise 
the matrix and the fracture network properties using direct modelling procedures. 
Although the coupled processes are complex, it is possible to determine the order of 
magnitude of the inter-continuum transfer coefficients and to demonstrate how the 
apparent correlation between atrazine concentration and abstraction rate is 
acquired. 

IDENTIFICATION OF FLOW MODEL PARAMETERS AND 
SCALE CHANGES WITH THE DIFFERENTIAL SYSTEM 
METHOD 

M. Giudici (1), B. Ortuani (2), G. Parravicini (3) and G. Ponzini (1) 
(1) Dip. di Scienze della Terra, Sezione di Geofisica, Universitä di Milano, I, 
(2) 1st. di Scienze della Terra, Scuola Universitaria Professionale della Svizzera 
Italiana, Cadenazzo, CH, (3) Dip. di Fisica, Universitä di Milano, I. 
ponziniOiniucca.csi.unimi.it 

The physical parameters of an aquifer (APP), e.g. transmissivity, usually vary 
along a smaller scale length than that of the aquifer model parameters (AMP). 
The APP scale length is determined by the hydrogeological structure, whereas 
the AMP scale length depends upon the density of the head and source mea- 
surement stations andupon the goals of the model. We consider two synthetic 
aquifers, the first with a smoothly varying transmissivity and the second one 
very heterogeneous at a given scale length L. For each aquifer we generate two 
different steady flow situations (heads) at the scale L. Then we identify the 
AMP at the same scale L with the Differential System method, using as data 
all the N heads thus generated and the value of transmissivity at one point 
only. Finally, we consider a model with a scale (3£) larger than the previous; 
we identify the AMP at this scale by using N/9 equally spaced (31) head data. 
The consequent loss of information produces a regularisation of the AMP, ne- 
glectable in the almost homogeneous aquifer and quite apparent in the very 
heterogeneous aquifer. This regularization has to be expected and is essentially 
the result of the dilation of the scale length. 

ESTIMATION OF AGRICULTURAL NITRATE LOAD TO 
AQUIFERS BY A ONE-DIMENSIONAL TRANSPORT MODEL 

K. Granlund. S. Rekolainen, FEI 
Finnish Environment Institute 
E-mail: kirsti.granlund@vyh.fi 

Modern agriculture with high inputs of inorganic and organic fertilisers 
provides a risk of groundwater contamination by nitrates. Increased nitrate 
concentrations in aquifers and private wells have been detected in Finland at 
areas, where intensive agricultural practices are carried out. At important 
groundwater areas mitigation measures are needed to protect the 
groundwater quality. Mathematical transport models serve as a tool to e.g. 
estimate transport times to water intake areas. As an input to such models, 
information about nitrate load is needed. The estimation of these losses by 
sampling in the field is expensive and time-consuming and usually possible 
only within small, restricted study areas or in lysimeters. The one- 
dimensional SOIL-N nitrogen model is used here to estimate the potential 
load based on information about crops, soils and fertilisation levels. As a 
result of model calculations, mean nitrate leaching coefficients are produced 
to be used further for evaluating the overall risk of groundwater 
contamination, or at a local scale, to be used as input data to a groundwater 
model. 
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DOCUMENTED CONTAMINANT TRANSPORT RATES - THEIR USE TO 
REDUCE UNCERTAINTY AND IMPROVE MODEL PREDICTION 

K. Kennedy. I. Müller & M. Schüren (1) 
DHydrogeology Center (CHYN), Uni Neuchätel, CH. 
keith.kennedy@chyn.unine.ch/FAX:+41-32-718-2601 

Documented, rather than 'estimated' transport rates, should be required input to 
ground water management and wellhead protection programs. However, such data 
may not always be rigorously input to regional model aquifer scales. Uncertainly 
in applying 'point-source' data, the perceived 'high' cost of getting it and scaling 
factors are reasons its importance may have been overlooked. Failing, however, to 
include such 'reality' causes misleading technical bias commonly compounded by 
continued misapplication. Legislated controls have also largely failed to address 
differences in (colloid) particles and dissolved chemicals transport. Many 
management and well-intentioned protection strategies have relied on simple flow 
assumptions and 'rule-of-thumb' regional values to predict velocities and transport. 
Model sizes are frequently too large to be effective. Multiple tracer test results 
over distances up to 100m in three 'managed' and significant porous media 
aquifers in Switzerland suggest localized channels of 10m to SO m width limited 
the injected fluorescent and colloidal tracer migration. Velocity, based on first 
detection, was between about 40m/d and 250m/d for both tracer types, about twice 
the velocity for peak particle concentrations. Uranine peaks were from SO to 100 
percent slower than colloid peaks. Neither regional nor site-specific geology nor 
hydrogeology identified, beforehand, these channels with their rapid migration 
potential. Perhaps equal effort should be taken to appropriately scale models to 
match the input specificity and to develop pertinent local protection and 
management strategies rather than focus on basin or catchment-size models whose 
scale may not adequately reflect heterogeneity in transport potential. The distinct 
tracer behavior is significant as input to models of contaminant transport scenarios. 

MULTIVARIANT MULTIFACIES GEOSTATISTICAL SIMULA- 
TION FOR HYDRAULIC CONDUCTIVITY 

T. D. Krom (1) and D. Rosbjerg (2) 
(1) ELSAMPROJEKT, Kraftvaerksvej 53, DK-7000 Fredericia, Denmark, 
(2) Groundwater Research Centre, The Technical University of Denmark.DK- 
2800 Lyngby, Denmark. 

We present a methodology to include typical field data (2 types of surface elec- 
trical geophysics data, well logs, head measurements and hydraulic field testing) 
into the geostatistical generation of conditional realizations for heterogeneous 
3-D hydraulic conductivity {KSAT) fields- The methodology is based upon de- 
veloping covariance models between the collected data and a conceptual model 
of the hydrogeological framework (hydro-fades). Models are needed between 
the various geophysical measurement, between the hard lithological data and 
between those two data sets. KSAT values calculated from well tests must be 
associated to the relevant formation. The number of hydro-facies is determined 
via semi-quantitative analysis of the available data. First, 3-D conditional in- 
dicator realizations for the hydrogeologic frameword are generated. Gaussian 
sequential simulation is used to generate conditional realizations for the KSAT 

field within each model. A simple statistical analysis of contaminant transport 
simulations results based upon the generated realizations is presented. At the 
same time, the same 3-D conditional indicator realizations for the hydrofacies 
are used with the geometric means for KSAT from the gaussian sequential sim- 
ulations. The latter is analogous to an zonal inverse solution. A comparison of 
the contaminant transport realizations for the two methods is presented. 

I 

A HERMENEUnC APPROACH FOR SIMULATION OF UNSATURATED 
FLOW IN A HETEROGENEOUS FORMATION 

N.-O. Kitterad (1,2), E. Langsholt (2) and L. Gottschalk (2) 
(1) Norwegian Water Resources and Energy Administration, Norway, 
(2) University of Oslo Institute of Geophysics, Norway 
nok@nve.no/Fax. + 47 22 95 90 00 

In the present study a set of different observations, ranging from soft qualitative 
knowledge to hard physical data, are used to develop a simple method for 
simulation of preferential flow in the unsaturated zone. By adopting concepts 
from hermeneutics we demonstrate that each individual data set only partially 
reveals what is essential in this particular flow problem. A combined 
interpretation of all the data sets gives an integrated flow model. In the next step 
each observation set must be interpreted in light of the integrated flow model. 
This induces new interpretations of the data which may gives rise to an updated 
flow model. If there are significant differences between the updated model and 
the previous one, a reinterpretation of individual data sets may be necessary. In 
this way the observations, the hydrological concepts and the mathematical 
formulation of the flow problem are closely connected to each other in the 
interpretation, the mathematical modelling and the simulation process. The 
challenge is to find parametric relations that interconnect the different data sets to 
a consistent model and which reproduces figures (eg. breakthrough curves) that 
we are able to evaluate against controlled field experiments. At this stage we 
have preliminary formulations of the problem and suggestions for further work. 

USING DISTRIBUTED WATER TABLE MEASUREMENTS TO 
CONSTRAIN MODEL PARAMETER AND SIMULATION UN- 
CERTAINTY 

R. Lamb (1), K. Beven (2) and S. Myrabst (3) 
(1) Institute of Hydrology, Wallingford, Oxfordshire, OX10 8BB, UK, (2) Insti- 
tute of Environmental and Natural Sciences, Lancaster University, Lancaster, 
LAI 4YQ, UK, (3) Centre for Soil and Environmental Research, Jordforsk, 
N-1432 Aas, Norway. 

A uniquely extensive set of water table measurements were made at the Setern- 
bekken MINIFELT experimental catchment in Norway. These data have been 
simulated using the distributed model TOPMODEL which is able to repre- 
sent, in a relatively simple manner, the main processes of runoff generation 
and groundwater dynamics in the catchment. Good simulations are obtained 
for catchment runoff and water levels, recorded on an hourly basis in a num- 
ber of boreholes. Extensive instantaneous water table predictions are more 
approximate, due to the nature of the saturated zone model. Monte Carlo sim- 
ulation shows that parameters established by calibration, using the observed 
data, should be regarded as being subject to uncertainty. A Bayesian approach 
is used to show how the parameter uncertainty changes as information from 
the different data sets (flows, borehole time series and extensive water table 
depths) is taken into account. Associated simulation uncertainty bounds are 
also shown for each variable, and the implications for changes to the model 
structure discussed. 

CALIBRATION AND UPSCALING OF HYDRAULIC CHARAC- 
TERISTICS OF 3D FRACTURE NETWORKS IN CRYSTALLINE 
ROCK 

K. Kontio (1), A. Niemi (2) and A. Kuusela-Lahtinen (1) 
(1) VTT Communities and Infrastructure, Finland, (2) Royal Institute of Tech- 
nology, Laboratory of Hydraulic Engineering, Sweden, 
kinmo. kont ioCvtt. f i 

In this paper the properties of the average crystalline rock outside the deter- 
ministic fracture zones is studied by means of 3D stochastic fracture networks. 
The data from Romuvaara site in Finland is used as an example. 
The statistical behavior of the model fracture network blocks is calibrated with 
data from in situ transient pumping tests by varying the parameters of the 
transmissivity distribution of the single fractures. Fixed interval data obtained 
systematically with different measurement scales is used in the calibration. The 
goodness of fit between the simulated and measured distributions is evaluated 
with bootstrapping methods. 
With the calibrated models further simulations are carried out to study the 
equivalent continuum properties and resulting conductivity tensors of the 
medium. Based on the results, the applicability of the continuum versus discrete 
network presentation of the current data is discussed. 

USE OF WELL LOGS IN AN INVERSE NUMERICAL MODEL DURING THE 
INTERPRETATION OF A DOUBLE PUMPING TEST 

L. Lebbel,2,1. Gausl,2 and N. Van Meir2 
lFund of Scientific Research, Flanders 
2Laboratory of Applied Geology and Hydrogeology, Ghent University, Belgium (fax 
32 264 49 88) 

During the interpretation of a double pumping test using an inverse numerical model, 
vertical flow and natural gamma-ray logs were incorporated. This double pumping test 
consisted of two pumping tests at a same site but in different aquifers. During each test 
the drawdowns were observed at several distances in both aquifers and the adjacent 
aquitards. Both tests are simultaneously interpreted with an inverse numerical model. 
In this model the drawdowns were first calculated with an axi-symmetric numerical 
model. The sensitivities of the drawdowns, defined in the logarithmic space of the 
drawdowns and of the hydraulic parameters, were calculated with the perturbation 
method. The Newton method was used as minimization algorithm. In the first 
interpretation phase the vertical flow log was used to deduce the relative variation of 
hydraulic conductivity in the lower pumped layer. By combining these hydraulic 
conductivities in one group in which the relative variation stays unaltered, the number 
of identifiable parameters was limited. The relative variation of the hydraulic 
conductivities of the upper layers was derived from the natural gamma-ray log. By 
taking these relative variations into account during a second interpretation phase a 
larger number of hydraulic parameters was identified with a sufficiently small joint 
confidence region. 
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INVERSE PROBLEM AND UPSCALING: COMPARISON BETWEEN THE 
DS METHOD AND A CLASSICAL STATISTICAL ONE 

I. LUNATI (1,2), D. BERNARD (2), M. GIUDICI (3), G. PONZINI (3), G. 
PARRAVICINI (1,4). 
(1) Univ. degll Studi di Mllano, Dlpartimento dl Fislca, ITALY, (2) LEPT, 
CNRS-ENSAM-Univ. Bordeaux 1. TALENCE, FRANCE (3) Univ. degli Studi 
di Milano, Dlpartimento di Scienze delta Terra, ITALY, (4) Istituto Nazionale 
di Fisica Nucleare, Sezione di Milano, ITALY 
stage@lept-ensam.u-bordeaux.fr/FAX: (0)5 56 84 54 01 

The resolution of an inverse problem with the Differential System method 
(DS) for the identification of transmissivlty provides a very natural alternative 
way to deal with the upscaling problem. This approach takes into account 
not only geometrical property, but also piezometric head and source terms, 
i.e. information on the fluid flow. The parameter scale is fixed when the 
model scale Is chosen and changing scale only means changing the number 
of local pressure measurements In the DS data. Moreover it is very cheap 
from the calculation-time point of view. 
A comparison between a classical geostatistical technique and DS is 
developed for a synthetic, two dimensional, confined, Isotropie aquifer in a 
steady state case. After evaluating the error on the identificated 
transmissivlty, the piezometric heads and the fluid flows given by the 
different methods are compared for several boundary conditions and source 
terms configurations. 

A FILTRATIONAL MODEL PARAMETERS AND 
INTERPRETATION OF HYDRODYNAMIC, ACOUSTIC 
AND THERMAL MEASUREMENTS DATA. 

M.N. Ovchinnikov, G.G.Kushtanova 
Kazan State University, Russia. 
Marat.Ovchinnikov@ksu.ru, Galya.Kushtanova@ksu.ru 

Many of the used at present parameters of the filtrational flows models 
such as the interhole space permeability, the liquid viscousity in 
stratum conditions, porousity and others could not be obtained at once 
by experiments every so often. Thus, the calculation of multiphase 
filtration has been a problem in many cases, especially with composite 
environments of fractured-porous type. The questions of model 
parameters identification under the performance of the various 
independent experiments like that non-stationary filtrational pressure 
waves, pressure restoring curves and debit falling curves techniques, 
acoustic investigations of the hydrodynamically sound emission and 
non-stationary dynamics of the thermal fields are discussed. A 
numerically calculus data of filtrational flows models and associated 
natural experiments results are given. 

DETERMINATION OF GEOSTASTISTICAL PARAMETERS US- 
ING PUMPING TESTS DATA 

B. Noetinger (1) and Y. Gautier (2) 
(1) Institut Francais du Petrole, Pau, France, (2) presently at Petroleum En- 
gineering Department, Green Earth Sciences Stanford University, USA. 
benoit.noetingerOifp.fr, gautierCsui.Stanford.EDU 

Using geostatistical models to describe sub surface heterogeneities is becoming 
more and more popular among the community of hydrologists and oil reser- 
voir engineers. These models are useful to quantify uncertainties, and give also 
acorrect framework to identify local parameter values given large scale fluid 
flow data. In a lot of cases, the underlying global stochastic parameters such 
as the correlation length lc, the variance <r?„(t) of the local physical parameters 
that govern fluid flow are not well known from laboratory data, which are too 
scarce to give confident values. 
In the present work, we study how these geostatistical parameters describing 
the stochastic properties of heterogeneous permeability fields may be estimat- 
edfrom pumping test results. These tests are shown to yield estimations of 
the equivalent permeability of reservoir zones with increasing sizes. Using a 
Bayesian approach, we derive the geostatistical parameters lc and <rf„,ki from 
the maximization of the likelihood to honor the actual pumping test data. Syn- 
thetic numerical experiments show that a good agreement is observed between 
the input parameters and their estimation. Once these geostatistical parame- 
ters are known, we can proceed to a classical parameter estimation procedure 
to generate as many high resolution reservoir maps as desired. 

AN INVERSE METHOD FOR MODELING MECHANISMS AFFECTING 
GROUNDWATER QUALITY 

J-L Pinault. H. Pauwels DR/HGT, BRGM, C. Cann, Cemagref, Rennes 
jl.pinault@brgm.fr, h.pauwels@brgm.fr 

New concepts are presented for modeling mechanisms affecting groundwater 
quality. The calculation of transfer functions constitutes a viable and effective 
alternative to conceptual models by enabling the calculation of physically realistic 
models without any compulsive hypothesis. This approach is powerful enough to 
model complex interactions within a multimedia approach, thus enabling an actual 
description of hydrogeological phenomena. Algorithms developed in the 
framework of signal processing theory as well as regularization methods are 
available. 
This new approach is used for improving the understanding of mechanisms 
affecting nitrate transport in the groundwater of a small catchment of Brittany 
(France) as well as the quantitative interpretation of flow, nitrate and sulfate fluxes 
in groundwater and in the river. 
By using nitrate and sulfate fluxes, the unit hydrograph is separated into nitrate- 
contaminated and denitrified groundwater responses to rainfall, which enables an 
accurate assessment of the ability of the catchment for denitrification processes. 
Joint processing of piezometric heads and nitrate concentration in groundwater 
provides transfer functions for recharge and nitrate transport from the soil to the 
shallow aquifer. 

IDENTIFICATION OF FLOW PARAMETERS FOR A REGIONAL MULTI- 
LAYERED AQUIFER WITH THE DIFFERENTIAL SYSTEM METHOD 

B. Ortuani (1), F. Savi (1) and M. Giudici (2) 
(1) Istituto di Idraulica Agraria, Universita degli Studi di Milano, (2) Dipartimento 
di Scienze della Terra, Sezione di Geofisica, Universita degli Studi di Milano 
fsavi@imiucca.csi.unimi.it 

The Differential System Method (DSM) has been applied for the identification of 
flow parameters of a real world, multilayered (two aquifers connected by an 
aquitard) groundwater system. The data for the DSM - heads and sources for three 
independent steady flow situations - are the results of a forward model that 
simulates groundwater flow in a 3700-km3-wide alluvial plain in Northern Italy; 
this model was developed at Istituto di Idraulica Agraria of the University of Milan 
and validated comparing its results with experimental data (heads and recharge 
fluxes). First we have considered each aquifer separately, assuming the leakage 
terms to be known. We have used the three available sets of data pairwise to 
identify the transmissivlty; those identified values, that are similar for the three 
pairs of sets of data, have been used as initial estimates of transmissivlty over a 
wide region. The final results have been compared with the reference values used in 
the forward model and are satisfactory (relative error generally less than 50%) even 
where the flow conditions are not optimal for the application of the DSM. The 
simultaneous use of the three sets of data allows for the determination of both 
transmissivity and leakage coefficient, with errors generally less than 30%. The 
identified values of the leakage coefficient are not physically acceptable where the 
leakage is small in comparison with the source term. 

INDICATOR KRIGING AND INDICATOR SIMULATION: TOOLS TO 
INTEGRATE SOFT INFORMATION INTO THE PARAMETER IDENTI- 
FICATION PROCEDURE IN GROUNDWATER MODELING 

Maria-Th. Schafmeister1 

'Freie Universität Berlin 
schaf@zedat.fu-berlin.de 

In general groundwater modelers have to face the problem of few hard data but 
many vague guesses of hydraulic conductivity (K). Earlier studies have shown that 
indicator soft kriging provides reasonable estimates of the spatial distribution of 
hydraulic conductivity based on both quantitative 'hard' measurements and quali- 
tative 'soft' data, i.e. lithological description of aquifer material. Hard conductivity 
data from the interesting aquifer can be used to translate qualitative information 
into binary indicator vectors of the local probability distribution K at sampling 
points. Indicator soft kriging then produces estimates of the local probability func- 
tions of K, from which the local expectation and confidence limits, respectively, 
can be obtained. A check of these results can be performed using a groundwater 
model and comparing the modeled flow velocities to field observations. 
The estimates of local probability functions of hydraulic conductivity can now be 
used to produce equal probable spatial realizations of K on a denser grid by indi- 
cator simulation processing hard and soft data simultaneously. These realizations 
will help to assess flow and transport characteristics of the actual aquifer, as well as 
possible extreme conditions. The paper will illustrate these ideas by means of an 
actual data-set taken from pleistocene glacio-fluvial deposits in North Germany. 
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ESTIMATING AND TESTING OF SOIL HYDROLOGIC 
PROPERTIES FOR THE SIMULATION OF THE WATER 
BALANCE IN A PLEISTOCENE CATCHMENT BY SOIL 
HYDROLOGICAL FIELD MEASUREMENTS 

Schindler. U.. J. Steidl, F. Eulenstein and L. Mueller 
(ZALF Miincheberg, Institute of Soil Landscape Research, Eberswalder 
Str. 84,15374 Miincheberg, Germany, uschindler@zalf.de) 

Soil hydraulic properties for a 220 km2 creek catchment in East 
Brandenburg, Germany, were both measured and estimated from a 
database using different pedo-transfer-procedures. They were 
regionalized by referencing for soil units of a medium-scale (1:25000) 
landscape map. To simulate the unsaturated soil water transport the 
hydrological simulation model MIKE SHE from the Danish Hydraulic 
Institute was used. A comparison between soil hydrological field 
measurements and simulation results was used for testing the soil data. 
There was a good agreement in the temporal water content dynamics 
between hydrological field measurements and simulations results. The 
measured as well estimated soil data for the simulations produced 
comparable results. 

INFLUENCE OF GEOPHYSICALLY DETECTED 
HETEROGENEITIES IN ALLUVIAL DEPOSITS ON REGIONAL 
SCALE GROUNDWATER MODELS 

LJÜ£hsi(l),P.Turberg(2) 
(1) Swiss Institute of Technology, EPFL, DGC-GEOLEP, CH-1015 Lausanne, 
LaurentTacher@epfl.ch/Fax: +41-21-6936330, (2) Center of Hydrogeology, 
University of Neuchltel, CH-2007 Neuchätel 

The quality of groundwater modelling is largely governed by the number and 
accuracy of the available information, in particular data on the spatial distribution of 
permeability. 
First, we compare two regional FE models, both corresponding to the same real 
environment. Model 1 is based on a large number of actual indirect data collected 
with a newly developed geophysical technique (radiomagnetotellurics) and shows a 
highly varying but structured distribution of inferred permeability. Model 2 is based 
on a deliberately reduced number of data and leads to a less heterogeneous, but more 
classical, distribution of inferred permeability. In the later case, the medium is even 
considered as vertically homogeneous so it can be reduced from a 3D to an horizontal 
2D model. Both models will simulate water flow and transport of a dissolved 
conservative tracer in saturated medium. 
Secondly, while keeping constant a given level of heterogeneity (model 1), values of 
the hydrogeological parameters K, m and dispersivity will be changed. 
The first set of runs will provide us with information on the influence of the density 
of geophysical measurements on modelling results; the second set, on the sensitivity 
of the model to the hydrogeological interpretation of geophysical data. 
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Continuous Modal: 
An Extension of the Classic Two-Region Model 

Simon, W.(D. Fesch, C.(2),Reichert, P.(3), Haderlein, S.(2), and Schwarzenbach, R.(3). 
(f) Institute of Industrial Mathematics, B-67663 Kaiserslautern 
Federal Institute of Technology (ETH), CH-8092 Zürich and Swiss Federal Institute for 

Environmental Science and Technology (EAWAG), CH-8600 DObendort 
(2) Department of Chemistry and (3 pepartment of Computer and System Sciences. 

The combined effects of nonlinear sorption, non equilibrium mass transfer and the 
distribution of sorptjon sites oh the transport of organic contaminants has been 
examined in porous media containing aggregates of clay minerals. The major goal 
was to develope a general mathematical concept for describing deterministJcalty the 
transport processes of solutes with different adsorption characteristics. Furthermore, a 
model was developed to describe and to identify the cause of nonlinear sorption and 
process kinetics. This continuous model represents an extension of the classic two- 
region model. The model was developed on the basis of the assumption that the pore 
depth diminishes continuously with the penetration depth into the particle. Interpolation 
methods are used for the functional depency of the pore cross-sectional area per unit 
column volume and the densities of the sorption sites per unit depth. The diffusion 
process Is explicity modeled. Therefore, a relatively small number of parameters 
results for the presented model, in comparison to the discrete Immobile region models 
with fully mixed zones as can be found in the literature. By employing continuous 
metering of pore depth and diffusion process in the pores, the diffenng effective 
resident times in the aggregates of clay minerals may be accounted for by using only 
one set of parameters. The presented model is able to describe simultaneously a 
whole set of breakthrough experiments with different flow rates by using the same set 
of parameters. Investigations and analyses for varying surface geometries were also 
carried out. 

INFLUENCE OF PARAMETER ESTIMATION IN KRIGING: AN 
EXAMPLE OF APPLICATION 

E. Todini. (Dept. of Earth and Geo-Environmental Sciences, University of 
Bologna, Via Zamboni 67,1-40127 Bologna, Italy) 

The presentation deals with the analysis of the use of the combined maximum 
likelihood and second order approximated correction technique, tecenfly proposed 
by Todini and Ferraresi (Journal of Hydrology 175 - 1996) to account for the 
uncertainty of variogram parameter estimation in Kriging. In this approach the 
variogram parameter estimates are no more considered as fixed values (as is 
conventionally done), but rather as realisations of random variables, the true values 
of which are aunknown. By means of a second-order Taylor expansion, an 
approximate expression for the Kriging estimatesa is obtained as a function of the 
parameter estimates; subsequently, by taking expectations, an approximation, both 
for the expected value of the Kriging estimates and for their variance is obtained: A 
maximum likelihood estimator for the parameters is also formulated, which allows 
for estimating the variance-covariance matrix of the parameters as the inverse of 
the Fisher information matrix. An application of the proposed technique is applied 
to data relevant to the piezometric elevation of an aquifer in the Emilia Romagna 
region. 

SENSITIVITY ANALYSIS AND INVERSE PROBLEM FOR THE 
SUB-REGIONAL FLOW MODEL OF THE NEOGENE AQUIFER 

O.F. Smidts (1), J. Devooght (1), Y. Meyus (2), I. Wemaere (2) and J. 
Marivoet (2) 
(1) Universite Libre de Bruxelles (ULB), Brussels, B-1050 Belgium, (2) Belgian 
Nuclear Research Establishment (SCK/CEN), Mol, B-2400 Belgium. 
osmidtsemetronu.ulb.ac.be or ymeyusOsckcen.be/Fax: [32] 2 650 40 42 or 
[32] 14 32 35 53 

In this paper, we present the results of a sensitivity analysis applied to a sub- 
regional flow model of the Neogene aquifer in the Mol area (N-E Belgium). 
The sub-regional domain is first described and the hypotheses used in the 
groundwater model are presented. In the context of an uncertainty analysis of 
the waterflow in the Neogene aquifer, we compare the results of two approaches 
for the calculations of sensitivity coefficients: the variational method, recently 
applied by the authors for determining uncertain parameters and geometry in 
groundwater flow and a parameter estimation technique based on the Gauss- 
Marquardt-Levenberg method (PEST code). The initial guess about the values 
of the parameters is improved by solving an inverse problem which is based on 
the minimization of a sum of a least square expression of the output (hydraulic 
potential) and a penalty function. The solution obtained by this inverse problem 
is discussed and further improvements in the model are proposed. They concern 
mainly the type of boundary conditions on the upper surface of the domain and 
the hydraulic parameters of the considered sand layers forming the Neogene 
aquifer. 

EXTENDING TO FINITE ELEMENT SCHEMES THE KALMAN FILTER 
BASED INVERSE PROBLEM SOLUTION 

E. Todini. (Dept. of Earth and Geo-Environmental Sciences, University of 
Bologna, Via Zamboni 67,1-40127 Bologna, Italy) 

The paper discusses the possibility of extending to Finite Element schemes, the 
Kaiman Filter based solution to the Inverse Problem, recently proposed by 
Ferraresi and Todini for Integrated Finite Difference schemes (Journal of 
Hydrology 175 - 1996). The Inverse Problem relates to the estimation of 
parameters characterising the hydrodynamic behaviour of aquifers' given their 
geometrical description, the piezometric field, the net infiltration (infiltration minus 
abstractions) and the boundary conditions. The proposed method, which falls in the 
class of Bayesian estimators, is based upon a Kaiman Filtering formulation which 
optimally combines a priori parameter values with the information contained in the 
observations in order to obtain the a posteriori parameter estimates. Although an 
exact solution can be found for the general case of linear triangular Finite 
Elements, and possibly for a special Finite Element approach, which allows for the 
explicit preservation of the mass balance, the Contol Volume Finite Element 
approach, in the present work a direct extension of the results obtained with the 
Integrated Finite Difference schematization to Finite Element schemes will be 
presented as a sufficiently accurate approximated solution. 
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UNBIASED IDENTIFICATION OF NONLINEAR SORPTION 
CHARACTERISTICS BY SOIL COLUMN OUTFLOW EXPERI- 
MENTS 

K. U. Totsche (1), B. Igler (2) and P. Knabner (2) 
(1) Soil Physics, University of Bayreuth, D-95440 Germany, (2) Institute for 
Applied Mathematics, University of Erlangen, D-94131 Germany. 
totschaeuni-bayrauth.de/Fax: [49] 921 55 2246 

Accurate parametrizations of the interactions of reactive solutes with porous 
media constituents are necessary for reliable risk assessement studies and the 
development of efficient sanitation strategies. A wildly used technique for pa- 
rameter estimation is the conduction of coulmn outflow experiments followed 
by nonlinear mathematical identification of reaction coefficients (inverse mod- 
eling). This procedure, however, bears a number of unsolved problems with 
respect to uniquenes and identifyability based on the requirement for avail- 
able shape information(sorption isotherms, e.g. Freundlich, Langmuir, etc.). 
We present a new approach for the identification of nonlinear interaction pa- 
rameters of column outflow experiments. The procedure is free of any a priori- 
assumptions on shape and curvature of the underlying interaction process. Em- 
ploying experimental data sets on reactive solute breakthrough, possible appli- 
cations of will be shown and its feetures will be discussed. Error analysis based 
on singular value decompostion of the sensitivity matrix allows qualification of 
the identified parameters. 

USING WATER AND TRACER FLUX INFORMATION AT CANAL 
BOUNDARIES TO IMPROVE AQUIFER PARAMETER ESTIMATION: 
BISCAYNE AQUIFER, FLORIDA 

Eric Zechner. James E. Saiers, David Genereux 
Geology Department, Florida International University, Miami, FL 33199, USA; 
e-mail: zechnere@flu.edu. 

Inverse numerical modeling is becoming a widely used tool to estimate aquifer 
parameters. Using only piezometric head in groundwater model calibration often result 
in estimated parameters with low confidence. In this field study, two data sets were 
added to the parameter estimation procedure: measurements of groundwater seepage to 
canals, and chloride tracer concentrations in canal and groundwater. 
The study site was the about 15 m thick carbonate Biscayne Aquifer of Southeast 
Florida. Hydraulic conductivities may exceed 0.1 m/s due to strongly developed 
secondary porosity. Groundwater flow in the Biscayne Aquifer is strongly linked to 
canal water levels which are controlled to meet flood control, water supply, and 
environmental objectives. A 2-layer inverse 3-D flow and Iransport model was set up to 
estimate parameters of hydraulic conductivity, specific yield, leakance between the 
layers, and canal bed conductance. The model was automatically calibrated on three 
types of data, individually and in different combinations: (1) groundwater head, (2) 
seepage between the aquifer and canals, and (3) canal and groundwater solute 
concentrations. Results indicate that the use of different types of data in inverse 
modeling can significantly improve the confidence in model parameters. 

WATER ELECTRICAL CONDUCTIVITY-WATERFLOW AS A LOW COST 
MEAN TO DEFINE STORMFLOW COMPONENTS AND BASIN INITIAL 
SOIL WATER CONTENT. 

B. Tvchon (1), L.W. De Backer (1,2) and P. Vander Borght (1) 
(1) Fondation Universitaire Luxembourgeoise (2) University Catholique Louvain 
tychon@ful.ac.be/Fax: ++32.63.23.08.29 

The evolution of the relationship between water Electrical Conductivity (EC) - and 
streamflow (Q) is described during about thirty events of successive stormflows 
having occured during the winter 89-90 in a small 32 ha basin in Belgian Lorraine. 
First, the relationship EC-Q during the rising part of the event differs from the 
falling part leading to the creation of a clockwise hysteresis when displayed in a XY 
graphic with EC in the Y axis and the discharge in the X axis. This phenomenon is 
already known. On the other hand, the fact that this hysteresis becomes 
anticlockwise after some successive events has not often been observed. This 
behavior is analysed. Measurements of groundwater depth in the bottom of the basin 
during these episodes reveal different zones supplying the river according to the 
period of the year. Temperatures of streamflow and groundwater are also used to 
reinforce our hypothesis about the origin of water supplying the streamflow. In the 
studied basin, the direction of the hysteresis and, in a less extent, its slope and its 
amplitude are original indicators of the soil water status of the basin, at least in 
initial phase of stormflow events. They permit to refute with certainty some 
hypotheses on the origin of water and to support some others. Up to now, these 
indicators provide some qualitative interpretations. But in environmental sciences as 
well as in hydrology, given the scarcity of information with regard to the studied 
system complexity, this kind of cheap and easy to use approach can not be 
disregarded. Researches on other sites and methodologies integrating this qualitative 
information type are recommended. 

HSA1 Hydrology and the Earth's Crust 

03 Reactive mass transport: experimental 
studies of chemical, colloidal and biological 
processes 

Convener: Gouze, P. 
Co-Convener: Schäfer, G. 

COLLOIDAL MASS TRANSFER OF METAL IONS WITHIN POROUS MEDIA 

Thomas Baumann. Reinhard Niessner' 
Dept. of Hydrogeology, Hydrochemistry and Environmental Analytical Chemistry, 
t.baumann@ws.chemie.lu-muenchen.de 

The fate of metal ions in the presence of naturally occurring colloidal matter within 
porous media (quartemary gravels, quarternary flysands) was studied using an artificial 
aquifer of 10 m length. Giving the opportunity of a complete control of the mass bal- 
ance, a high time resolution and a nearly one-dimensional flow, these kinds of experi- 
ments are especially useful to fill the gap between bench-scale investigations and large 
scale field studies. The colloid concentration was 10' particles/L, mainly quartz and 
calcite. The aqueous solution, corresponding to natural groundwater, was enriched with 
heavy metal ions (Cr, Co, Cu, Ni) in plain solution up to 20 mg/L, thus simulating a 
contamination eg. with galvanic wastes. Under these conditions Ni and Cu were trans- 
ported mainly in solution (>85 %), whereas for Cr and Ni, up to 50 % was transported 
on inorganic colloids. The colloidal fraction decreased with the distance from the inser- 
tion point as a result of filtration effects. A fast colloidal transport was not observed. 
Based on these results field experiments were launched within the Munich gravel plain. 
The flow distances ranged between 50 m and 200 m. Zn and Ni were used as metal 
ions, uranine and sulforhodamine B as fluorescent tracers. The time resolution of up to 
30 min and a transversal resolution of up to 5 m gave ideal boundary conditions. We 
observed a retarded transport with up to 50 % of the metal ions associated to colloids 
and recovery rates far beyond 10 %. Again, the metal ions in solution and colloid asso- 
ciated showed a similar transport behaviour. 
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SURFACTANT FLOW BEHAVIOR IN POROUS MEDIUM 

M. Bettahar(l), M. Baviere (2), J. Ducreux (2), P. Muntzer (1), G. Schäfer (1) 
(1) Institut de Mecanique des Fluides - UMR 7507 CNRS-ULP, IF ARE. Strasbourg 
(2) Institut Francais du Petrole, Rueil-Malmaison 
mehdi@imf.u-strasbg.fr / Fax : + 33 - 03 88 10 67 95 

Using surfactants for in situ remediation of oil-contaminated soils is a promising 
technique: this has been demonstrated by many lab results as well as site pilot tests. 
However, the surfactant solution needs to keep enough stability in order to avoid 
any loss of hydraulic conductivity during the treatment. In the specific conditions of 
our study, a plugging of the porous medium occurs, in which clay minerals, present 
in small amount, or precipitation of anionic surfactant, due to the presence of 
calcium ions, are not involved. The loss of surfactant solution injectability results 
from a time-dependent alteration of the solution. 
Experiments indicate that the plugging happens after one or two days of surfactant 
infiltration through the porous matrix. A greater volume of surfactant solution can 
be infiltrated before the plugging if the solution has been recently prepared. This is 
assumed to result from the necessary time for the micelles to agglomerate and to 
form liquid crystals in the presence of divalent ions, especially calcium ions, 
contained in the water used for the preparation. These crystals, according to 
preliminary light-scattering measurements, have a size large enough to be retained 
by filtration, near the subsurface. So, this filtration appears to be the major factor 
responsible of the reduction of the hydraulic conductivity. Such a plugging, can be 
overcome by the use of solvents, e.g. light alcohols. 

THE STUDY OF SOLUTE MOVEMENT THROUGH ROCK USING 
POSITRON EMISSION TOMOGRAPHY 

R. Greswell (1), J.W.Lloyd (1), J.H.Tellam (1) and D. Parker (2) (I) School of 
Earth Sciences, (2) School of Physics and Space Research, University of 
Birmingham, Edgbaston, Birmingham B15 2TT, U.K. 
R.B.Greswell@bham.ac.uk/FAX +44 121 414 4942 

Positron Emission Tomography (PET) is a non-destructive laboratory technique 
that allows the imaging of positron emitting isotopes within a porous rock mass and 
hence can provide significant information about the factors influencing transport. 
Techniques have been developed to evaluate PET in its application to the study of 
hydrogeological processes in the common aquifer forming rocks of the UK. A 
purpose built flow-rig has been built to ensure adequate experimental control exists 
during tracer testing of fractured and unfractured material. A series of laboratory 
experiments using Positron Emission Tomography have revealed the effects of rock 
properties upon flow and distribution of the tracers during transport. Conservative 
(copper-EDTA) and reactive (fluoride) radioactive tracers have been employed and 
clearly show the differences in the distribution between the non-retarded and 
retarded species in Triassic Sandstone. Similarly, the effects of sedimentary 
structure and lithology are revealed. In addition, an investigation has been made of 
flow in natural fractures within the Jurassic Limestone where it can be shown that 
aperture variation controls the flow and creates zones of transient storage. The 
latter are thought to contribute to the 'tailing' typically seen in tracer breakthrough 
curves performed on single fractures. To study colloidal transport, a radio-labeled 
copper colloid has also been developed. 

1 

EXPERIMENTAL DETERMINATION OF PHYSICAL PARAMETERS FOR 
THE SIMULATION OFLEACHATEFLUXAND THE TRANSPORT OF 
NON-CONSERVATIVE, ORGANIC POLUENTS 

S. Cotrim and J. AGoldenfum (IPH-UFRGS. Rua Bento Goncalves 9500, PO Box 
15029, CEP 91501-970,Porto Alegre, RS. Brazil) 

This research deals with the .determination of physical parameters for the 
calibration of a numerical model used to simulate the leachate flux and the 
transport of non-conservative, organic poluents, in a landfill waste depository with 
leachate recirculation, in the presence of macropores. Initially, experimental works 
were performed in order to obtain physical data to characterize the water flow in 
the landfill waste depository, with the determination of the characteristic water 
retention and hydraulic conductivity curves. In a second stage. MACRO model was 
used to simulate the landfill response to real rainfall data. A critical analysis of the 
results was performed, taking into account the spatial variability of the physical, 
measured and simulated scales 

REACTIVE MASS TRANSPORT WITH BIODEGRADATION: BATCH AND 
COLUMN TESTS 

V.A.E. GUERIN (1). M.A. BUES (1) 
(1) LAboratoire Environnement Geomecanique et Ouvrage, Nancy 
BP 40 54501 Vandoeuvre / guerin@ensg-u.nancy.fr / FAX +33-0383596300 

The migration of biodegradable pollutant and microorganisms in aquifers is the 
result of the competition between solute transport and physiccchemical interactions 
and degradation of the micropollutant. So it is necessary to test firstly interactions 
between each phase under carefully controled laboratory conditions. 
Our study is focused on the phenyl mercuric acetate degraded by an aerobic strain of 
Pseudotnonas Fluorescent. 
Observations due to experiments in batch reactors give properties of reactions 
along' the solid interfaces. Mechanisms of growth and degradation in variable 
environmental conditions (pollutant, nutriments and bacterial concentration, pH, 
temperature)   were   established.   The   reaction   (adsorption,   precipitation   and 
complexation) at the interface between PMA and solids like oxyde, clay and sand, 
have been identified. 
Using column test, the retardation factor gives access to the retention capacity of a 
sand towards pollutant and bacterial strain, as well as the ability of degradation 
under flow conditions. These tests also allowed to evaluate the effect on the 
breakthrough! curves of a number of different environmental factors For this each 
factor is varied one by one. keeping the experimental set up constant. 
It is a stage to test die effective cleanup of contaminated porous media by bacterial 
strain 

IMPACT  OF  SORPTION   HETEROGENEITY  ON   REACTIVE   SOLUTE 
TRANSPORT 

U. Döring1, U. Jaekel2 & H. Vereecken2 

'Martin-Luther University Halle, Germany; 'Research Center Jtilich, Germany 
doering@geologie.uni-halle.de; jaekel, vereecken@jz-juelich.de 

In an integrated approach of field experiments, laboratory experiments and 
numerical simulations, the influence of physical and chemical aquifer 
heterogeneities on reactive solute transport was investigated. To 
characterize aquifer heterogeneities, 400 sediment samples were statistically 
and geostatistically analyzed. The mean variation of the hydraulic 
conductivity was twice as large as the variation of the nonlinear sediment 
sorption capacities. Both properties showed a slight negative correlation. 
Stochastic transport modeling, including variable hydraulic conductivity and 
variable Freundlich n and k parameters, were performed to quantify the 
resulting prediction uncertainty. A moments analysis for the dissolved mass 
showed that heterogeneous nonlinear sorption has a larger impact on the 
plume spreading than on the mean displacement. On the long term however, 
the nonlinearity of the sorption process was more important than the 
observed spatial variation of the sorption parameters. Despite of the 
extensive data base of measured transport parameters, there was still an 
obvious discrepancy between the real and simulated plume. These 
discrepancies may be attributed to non equilibrium reaction parameters 
which are difficult to determine at laboratory scale for field scale transport. 

REACTIVE MASS TRANSPORT WITH BIODEGRADATION: BATCH AND 
COLUMN TESTS; 

VA.E. QUERIN (?X Mi A. BÜES (1) 
(1) LAboratoire fctvttaUnem»t Gecniecanique et Ouvrage, Nancy 
BP 40 54501 VaoopetrWe / guerm@ensg-iuiancy.fr / FAX +33-0383396300 

The migration of biodegradable pollutant ud microorganisms in aquifers is ehe 
result of the  competition between solute transport  and physicochemical 
interactions and dcgiacfction of the micropollutant So It is necessary to test 
firstly interactions btWeen each phase under carefully conhoted laboratory 
conditions. 
Our study is focused on the phenyl mercuric acetate degraded by an aerobic 
strain otPseudomcmafSluortsctns. 
Observations due fo etteriinems in batch reactors give properties of reactions 
along the solid interfaces. Mechanisms of growth and degradation in variable 
environmental coniarqaas (pollutant, nutriments and bacterial concentration, pH, 
temperature) were established. The reaction (adsorption, precipitation and 
complexation) at the ntterfaee between PMA and solids like oxyde, clay and 
sand, have been identified. 
Using column test, th*ietard«tion factor gives access to the retention capacity of 
a sand towards pollutant and bacterial strain, as well as the ability of degradation 
under flow conditions. These tests also allowed to evaluate the effect on the 
breakthrought curves of a number of different environmental factors For this 
each factor is varied «/ift by one, keeping the experimental set up constant 
It is a stage to test a* effective cleanup of contaminated porous media by 
bacterial strain 
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REDOX FRONT ADVANCE IN LOW PERMEABILITY MEDIA DURING 
INTERGLACIAL PERIODS 

J.Guimera (I), L. Duro (1), S. Jordana (1), J. Bruno (1), P. Wikberg (2) 
(1) QuanliSci, Barcelona (Spain) jguimera@quantisci.es   _ 
(2) SKB, Stockholm, (Sweden) 

Migration of oxidizing groundwater could adversely affect the ability of deep 
geological systems to limit radioelements releases to acceptable levels. 
Glaciation-deglaciation periods could enhance the presence of deep oxidizing water, 
thus jeopardizing stable chemical conditions of the repository over a long period. We 
assess the possibilities of such redox front migration to happen in a quantitative basis, 
with limited regional groundwater flow schemes. We consider that the consumption of 
oxidants below soils will be governed by the reactions between groundwater and 
minerals and that the ability of the media to buffer an oxidant intrusion, will be 
dominated by the presence of minerals containing iron(II). Among those minerals, we 
can remark the presence of chlorite, biotite, siderite and pyrite. The ability of clays 
containing Fe(II) to act as oxidant sinks has been pointed out by several authors. Our 
study approaches the problem under two perspectives: equilibrium approach, where 
groundwater reaches equilibrium with minerals capable of releasing Fe(II), and 
kinetical, where downward movement of redox front is continually under progress 
due to dissolution of mineral. Preliminary results show that while equlibirum approach 
is correct whenever groundwater residence times are sufficiently long, reactive 
transport provides more accurate results. 

THE FLOW THROUGH RIVER BED SEDIMENT AND ITS CON- 
SEQUENCE ON TRANSPORT AND CONCENTRATIONS 

M. Lenk, N. Saenger (Water Resources Engineering, Technical University of 
Darmstadt, Rundeturmstraße 1, D-64283 Darmstadt Germany) 
J. Fischer (Sanitary Engineering. University of Kassel, Kurt-Wolters-Straße 
3,'34125 Kassel) 

The exchange in the river bed between groundwater and channel flow takes 
place in an intermediate layer called the hyporheic zone. The dynamics of 
these processes are controlled by the permeability of the river bed sediment, 
the river morphology, the variability of waterflow and also the biological 
activity. Another factor in this matter is the impact of sewage water and its 
significance on transport and storage of various solutes in the hyprheic zone. 
Field Studies at the medium scaled River Lahn (Germany) show the coherence 
of hydraulic processes and analysed concentrations, like oxygen or compo- 
unds of nitrate. The studies include water tests, which are extracted simulta- 
neously from different probes at various-vertical levels in the river bed sedi- 
ment. The distribution of probes takes into account the natural morphology 
structure of the river and the precense of a sewage outlet in the middle of the 
river section. The hydraulic investigations are mainly done by tracer injections 
upstream and measurements of vertical temperature gradients in the river bed 
sediment. The results show that concentrations and storage are dominated by 
the natural structure of the river and the temporal d>namics of waterflow. 

EFFECTS OF BIOMASS GROWTH ON THE HYDRAULIC 

PROPERTIES OF GROUNDWATER AQUIFERS 

Jesper Holm1, Peter Engesgaard'. Karsten H. Jensen1, Mogens 
Henze2, and Hans J. Albrechtsen2 

'Dept. of Hydrodyn. and Water Resources, 2Dept. of Environ. Eng., 
both Technical University of Denmark. 
email: peter@email.isva.dtu.dk, fax: +45 45932860 

The influence of a growing biomass on the hydraulic properties of 
porous media was investigated in laboratory columns inoculated 

with bacteria. The feed solution contained only acetate and nitrate 
and the concentrations were measured at six sampling ports and in 

the outlet. Pressure and flow measurements were made in order to 

indirectly quantify the reduction in hydraulic conductivity (K) along 

the column. The degree of change in K was different for different 

sand types. A numerical code based on a coupled description of 

flow and multi-species reactive transport is used to explain and 

derive important parameters from single column experiments and to 

explain observed differences between multiple column experiments. 

THE IMPACT OF SPECIATION, PARTITIONING AND SORPTION ON THE 
MIGRATION OF MULTIPLE FLUID PHASES IN THE SUBSURFACE 

D.L. Lord, A.H. Demond, and K.F. Hayes 
Department of Civil and Environmental Engineering.The University of Michigan, Ann 
Arbor, MI, U.S.A., Fax: (313) 763-2275 

Chemical processes such as speciation, partitioning and sorption may impact the 
migration of multiple fluid phases in the subsurface. These processes affect a system's 
interfacial tension and wettability, which, in turn, impact the capillary pressure 
relation-ship, an important parameter in multiphase flow. The impact of these 
chemical processes was examined in air-water-quartz and o-xylene-water-quartz 
systems, containing either octanoic acid or dodecylamine. In the systems containing 
octanoic acid, the relative concentrations of the anionic and neutral acid forms 
determined the interfacial tension and hence, the capillary pressure. In the air-water 
system, lowering the pH below octanoic acid's pKa of 4.8 converted more of the acid 
to the neutral form, resulting in a proportional decrease in the capillary pressure. In the 
o-xylene-water system the opposite was observed: lowering the pH below 4.8 
increased the capillary pressure due to the partitioning of the neutral form into the 
o-xylene where its interfacial activity was reduced. In the systems containing 
dodecylamine, the additional process of sorption at the quartz surface was important. 
Because of its basic nature, lowering the pH below its pKb of 10 converted more of 
the compound to the cationic form. This form sorbed strongly to the quartz surface, 
resulting in a maximum contact angle of about 70 degrees and 150 degrees in the 
air-water and o-xylene-water systems, respec-tively. Thus, the sorption of 
dodecylamine was able to make the quartz surface hydro-phobic, with a 
correspondingly dramatic impact on the capillary pressure relationship. 

COMPARATIVE BEHAVIOR OF BIOCOLLOID AND CHEMICAL MASS 
TRANSPORT IN HETEROGENEOUS POROUS MEDIA 

K. Kenneth' (1), R. Mose (2), P Rossi (3) and I. Müller (1) 
(1) Hydrogeology Center, Uni Neuchätel, CH (2) Fluid Mechanics Inst, Uni Louis 
Pasteur, Strasbourg, FR (3) Microbiology Laboratory, Uni Neuchatel. CH 
keith.kennedy@chyn.unine.ch/FAX: +41-32-718-2601 

Carefully documented colloid/solute mass transport behavior can develop better 
predictive tools and understanding of paniculate, paniculate-assisted and dissolved 
constituent contaminant migration/reaction processes. Our initial objective was to 
compare flow path and mass transport rates of biocolloids and dissolved solutes in 
heterogeneous porous media. This was done with repeated measurements in a well- 
defined physical tank model (MARCEAUs). Five different biocolloids (Marine- 
H4. H6, H40, Non-marine-T7, Psf2 bacteriophages) were variably co-mingled with 
both salt and uranine thereby providing a uniform input signal. The lmxlmx6m 
tank with three different-permeability sands arranged discretely in 1080 'boxes' 
(10cmxl0cmx40cm) has scale and pore-size conditions similar to some current field 
sites. MARCEAU's advantage was a controllable gradient, temperature and 
chemistry. Salt, a 'conventional' tracer, was monitored on-line and continuouslv at 
360 nodes and gave a base with which to compare colloid and uranine response'. 
This was measured at six 'wells' in three of the tank's distinct transport fields. 
Results showed a remarkably similar salt and uranine transport that was consistent 
throughout the tank. Double peaks were clear evidence of multiple pathway 
contributions in the longer path, lower permeability areas. Biocolloid behavior 
differed. Marine phages were consistent and throughout with similar breakthrough 
time to salt in high permeability areas. The subdued second response suggested 
more mass reaction and selectivity in pathway routing. Results provide a base for 
comparative colloid/solute transport modeling and related reactive process studies. 

BEHAVIOR OF DINITROPHENOL HERBICIDES IN ALLUVIAL SOIL 
BATCHES, COLUMNS AND LYSIMETER. 

J. M. MARTINS and A. MERMOUD. Lab. dHydrologie et Amenagements, IATE, 
EPFL, 1015 Lausanne, Switzerland. Jean.martins@epfl,ch, Fax:+41-21-693 37 39. 

The present study was conducted at three different scales (batch, column and 
lysimeter) with four nitroaromatic herbicides: 2, 4dinitrophenol (2.4DNP), 
DNOC, dinoseb and dinoterb). The goal of the study was to test the 
reliability of relevant parameters determined at a particular scale to simulate 
or predict chemical behavior at other scales. Sorption and degradation 
properties of four herbicides were determined in mono and multi-solute 
systems with both batch and column experiments. The low residence time of 
chemicals in soil columns leads to an underestimation of degradation 
parameters as compared to the batch results. Both type of parameters were 
used to simulate lysimeter experiments consisting in the annual application 
of a mixture of two herbicides and a tracer at the soil surface under natural 
conditions. The observed results were correctly predicted with batch 
determined parameters for a mobile chemical (2.4DNP). The fate of the 
more reactive herbicide (dinoseb) can not be predicted correctly with both 
set of parameters. This demonstrates that under natural conditions, important 
processes occur that are neglected at the batch or column scale. These 
processes were identified as rainfall variability and biodegradation processes 
which were largely influenced by competitive sorption and crossed toxicity. 
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DEVELOPMENT OF A REACTIVE TRACER FOR IRON OXID 
/HYDROXID QUANTIFICATION IN SEDIMENTS. 

M. Mayer (1), S. Irmler(l), A. Dahmke(l) 
(1) Institut für Wasserbau, Universität Stuttgart 
malte@iws.uni-stuttgart.de / FAX: +49-711-6857020 

Ferric iron is a potential electron acceptor for biochemical processes occuring in 
sediments. To quantifiy the oxidation capacity of soils it is necessary to measure the 
iron content. A chemical substance transported with groundwater as a tracer which 
is adsorbed on the iron surfaces could be used to quantify the reactive iron, The 
breakthrough curve of such a reactive tracer shows a typical deformation dependent 
on the iron content or to be precise the amount of-OH groups bound to ferric iron. 

Experimental studies were performed in laboratory columns. Quartz sand was 
coated with ct-FeOOH (Goethite). The columns were filled with quartz sand and 
goethite coated sand. Four tracers (NaBr, Na2S04, Na2Mo04, Na2HP04) were used 
in the experiments. Breakthrough curves were recorded on-line with a conductivity 
measurement. It could be shown that NaBr acts as a conservative tracer while the 
other tracers showed a characteristic sequence of high to low sorption from 
Na2HP04> Na2Mo04> Na2S04. The form of the breakthrough curves was strongly 
dependent on the iron content. The curves could not be modeled with an 
advection/dispersion model when the sorption proces was only described with a 
Langmuir isotherm. Theoretical considerations showed that a pH-dependent 
Langmuir isotherm must be used. In the near future the pH-dependency will be 
incorporated in the transport model. 

EVIDENCE    FOR    SELF-ORGANIZATION 
FLUID FLOW IN A POROUS MEDIUM 

DURING    REACTIVE 1 
Francois RENARDm and Jean-Pierre GRATER (1) 
(1) LGIT, CNRS-Observatoire, University Joseph FOURIER,  BP 53,   38041 
Grenoble; FRANCE. 

When a reactive fluid circulates inside a porous medium, dissolution can occur, 
resulting in porosity and permeability modifications of the rock. The positive 
feedback between fluid flow and mineral dissolution may destabilize an initially 
planar dissolution front and lead to more complex morphologies such as karsts. This 
is due to the self-focusing of the fluid inside the regions where permeability is 
increased because of local dissolution. Our study is carried out with two objectives: 
1) Evaluate experimentally this process at a decimeter scale, 2) Compare the 
experiment to a numerical model of water-rock interaction. The experiment consists 
of an analogous two-dimensional porous medium that allows for the dissolution of 
halite under an imposed fluid flow. The numerical code used solves the equations of 
reaction and transport in a porous medium, represented as a two-dimensional grid, 
and hence predicts the temporal evolution of the reaction front. Both experiment and 
numerical simulation indicate the development of a dissolution instability. 
This reaction-transport instability shows that if a rock is homogeneous at a 
considered scale, self-organization patterns can emerge, and large initial non- 
uniformities (due to tectonic events or sedimentary features for example) are not 
required to create porosity variations and localized deformation in the upper crust 

PHYSICO-CHEMICAL MODELING OF WATER-SOLID INTERACTIONS 
IN TAILINGS OF NEPHELINE CONCENTRATE 

Mazukina S. I., Malinovsky D. N. 
Institute of the North Industrial Ecology Problems, Russia 
E-mail: sharov@inep.ksc.ru 

There was accomplished laboratory and computer experiments simulating the 
processes of leaching in tailings and formation of chemical composition of effluents. 
Laboratory experiment consist in studying kinetics and dynamics of dissolution of 
multi-mineral phase in flow reactor. Thermodynamic calculation was done with use 
of program <Selektor> based on method of Gibbs free energy minimization. Codes 
implemented in the program enable to consider water flow through mineral phase as 
megasystem consisting of interacting reservoirs. Mass transfer between mem is 
characterized by appropriate rate constant. Each of the reservoirs can have arbitrary 
TP-conditions. Kinetic data obtained from dissolution experiments were used to 
determine the magnitude of rate constants of mass transport between the reservoirs. 
Results of the modeling enable to consider general model of water erosion in the 
tailings and define emission of toxic elements. Important processes controlling metal 
attenuation in surface and ground water draining the tailings is precipitation of 
chemical species. There is preferable precipitation of Al and Fe in the forms of 
Al(OH3) and Fe(OH3) respectively. New-formed solids of Al and Fe, precipitating 
on the mineral phase of the tailings, slow down the dissolution rates and adsorb trace 
elements, thus decreasing their concentrations. 

Phosphorus leaching from sandy soils in dependence on hydrological 
conditions 

T. Tischner (1), G. Nützmann (1) 
(1) Institute of Freshwater Ecology and Inland Fisheries, Berlin, 
tischhereigb-berlin.de, Fax: +49-30-63924482 

Phosphorus leaching from upper soil towards near surface groundwater may 
significantly contribute to eutrophication of surface waters. At a field site 
close to Berlin a soil- and groundwater monitoring program has been carried 
out for quantifying phosphorus losses from soil. Time averaged P- 
concentrations in the soil water show a marked vertical gradient decreasing 
with depth. Based on the concentration profile and on groundwater recharge 
P-losses can be estimated. However phosphorus leaching depends very 
much on hydrological conditions as it is shown by irrigation experiments. 
Water containing no P was applied to the field for simulating heavy rainfall. 
Not only phosphorus load but also P-concentration in the soil water increases 
during the experiments; From laboratory investigations it was found that P- 
sorption in these soils can be well described with Langmuir-isotherms and 
first order kinetics. The desorption kinetics of topsoil is faster than the 
sorption of subsoil. Hence in a certain range increasing percolation velocity 
may lead to higher P-concentrations in subsoil. For stationary flow this 
assumption is tested with a 1-d transport model. Further, with increasing 
percolation velocity" colloidal transport may significantly contribute to 
phosphorus leaching as it is indicated by field results. 

USING GIS AND AERIAL PHOTOGRAPHS TO DETERMINE THE WATER 
LEVELSDURTNG FLOOD 

C. Puech, D. Raclot 
LCT Laboratoire Commun de tÜlÜdÜtection CEMAGREF ENGREF, 500 rue J. F. 
Breton, 34093 Montpellier Cedex 5. France, Christian. Puech@teledetection.fr / Tel 
(33).4.67.54.87.45 

To map water levels in case of large floods, it is proposed to manage by GIS the great 
number qf information extracted from aerial photographs. Our method is developed in 
3 points: 1) segmentation of the flood plain in sectors with acceptable mean water 
depth, based on geographical limits and size criteria. 2) determination of minimum and 
maximum depth for each sector, based on the emergence or not of natural objets 
(vegetation, dikes...). 3) amelioration of the estimation of the water depths, using all 
observed hydraulic connections between sectors (cracked dikes, flows ...). This 
amelioration is done solving a constraint system linking the different water levels 
estimated in 2). Application concerns Herault River for the November 1994 flood, 
with aerial photographs taken 6 hours after the maximum of flood. Results give good 
determination about water levels, the lateral dynamic behaviour of flood (1,5 m of 
difference in levels between centre and edges of plain), and the impact of dikes. These 
results are obtained without introducing neither general hydraulic equation nor local 
head losses coefficient. The great number of fuzzy information, compensate for the 
low quality of each one. 

INFLUENCE OF THE RATE OF CARBONATE SEDIMENTATION 
ON THE DECREASE OF PHOSPHORUS HEAVY METALS IN THE 
WATER OF LAKE SEVAN.  
Dina S. Ulyanova 
Institute For Lake Research, Russian Academy Of Sciences. 
9 Sevastyanova, St-Petersburg, Russia, 196199, +7 (812) 298 91 57, fax: +7 
(812) 298 73 27 
E-Mail: postmast@lake.spb.su  _.  
Sedimentation of seston is of great importance as it contributes to self- 
purification of lake water through sedimentation of contaminants. In lakes, 
sedimentation, as a 'transportation system', may be accompanied by 
precipitation of phosphorus, heavy metals, other inorganic and organic 
compounds. The study of seston sedimentation and seston's biogenic 
compounds, particularly P and heavy metals is important to understand their 
role in the biotic matter turnover and their effect on water quality in lakes. 
The facts on seston sedimentation in the Lake Sevan and on the reason of its 
intensification were published earlier. The decrease of Sevan's surface by 
18,5 m cause destabilization of the natural turnover. As a result of high 
phytoplankton productivity the rate of sedimentation of seston in lake 
increased. Intensive growth of CaC03 crystals and precipitation of calcium 
carbonate led to the decrease of phosphorus concentration at more then one 
digit. In order to study the degree of co-precipitation of P with CaC03, 
laboratory experiments were conducted in Sevan. The increasing rate of 
sedimentation of phytoplankton is promoted by the aggregation if algae, 
bacteria and CaC03 crystals. High pH values irreversibly determine the 
fixing of phosphorus in bottom sediments. 
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DETERMINATION OF SORPTION PARAMETER FROM 
BREAKTHROUGH CURVES USING ASYMPTOTIC ANALYSIS 

H. Vereecken, U Jaekel 
Institute of Chemistry and Dynamics of the Geosphere, Forschungszentrum 
Jülich GmbH, D-52425 Germany. 

We analysed the asymptotic behaviour of breakthrough curves (BTCs) ob- 
tained after a single pulse injection of a solute. For nonequilibrium transport, 
the concentration at a fixed position in time was found to decay like exp(—ßt) 
where ß depends on both the transport parameters and the parameters describ- 
ing the nonequilibrium process. For the Freundlich Sorption, the concentration 
at a fixed position decayed with t~" with a = 1/(1 — n). For all cases examined 
a good agreement between numerical calculations and the asymptotic analy- 
sis was found. The asymptotic analysis for Freundlich Sorption was applied to 
BTCs measured in the lab and field. Good agreement was found between the n 
values obtained from column and field BTCs. Estimated n parameters from the 
BTCs differed from n values obtained in batch experiments. This difference may 
be attributed to the occurence of hysteretic effects in the sorption/desorption 
process. The results from the asymptotic analysis of nonequilibrium sorption 
provide also an alternative way to derive transport and sorption related param- 
eters from BTCs by changing the water flux. The results from the asymptotic 
analysis can also be used in standard inverse modelling techniques to either 
obtain good initial guesses or to reduce the parameter space. 

HSA1        Hydrology and the Earth's crust 

04    Coastal    aquifer    dynamics    and 
groundwater recharge 

Convener: Candela, L. 
Co-Convener: Munoz-Carpena, R. 

EFFECT OF DIFFERENT VEGETATION TYPE COVER ON THE 
UNSATURATED FLOW PROFILES AND WATER BALANCES IN SEMI- 
ARID AREAS OF SPAIN 

J. Bellot, N. Hernandez, and E. Chirino 
Depto.   Ecologia,   Fac.   Ciencias.   Univ.   Alicante.   Spain.   HIPERVfNCULO 
mailto:Juan.belIot@ua.es Juan.be!!ot@ua.es, Fax +34-65903555. 

In semiarid areas of Spain, vegetation suffer a large water deficit, which is one of 
the main factors to the present degradation of the Mediterranean landscape. 
Degraded shruplands are the dominant plant cover, in front of pinus or holm oaks 
forest The plant cover plays a multiple role. It constitute a buffer from the kinetic 
energy of the rainfall before the water reaches the soil. It produce a new spatial 
distribution of rainfall due to the throughfall and the concentration at the base of the 
trunk as stemflow, that probably increase the infiltration rate. In contrast, a volume 
of water is lost by interception by the plant cover, and plants are a water consumer 
in proportion to their biomass and type of plant community. With the aims of the 
vegetation management to improve the aquifers recharge in semiarid areas, we 
measure water content at three depths in 60 soil profiles (TDR method), to analyse 
the soil water infiltration after rainfall events, and the water uptake by plants, under 
4 vegetation types and a bare soil (3 replicates): afforested pinus forest with shrubs, 
pinus trees without shrubs, shrublands without pinus trees, and dry grasses of 
Brachypodium retusum. Preliminary results shows that small rainfall (<I0 mm) are 
intercepted by the plant cover in 40-70 %, having small effect on soil recharge, and 
any contribution to the aquifer. When precipitation is higher, throughfall and 
stemflow represent 80-90% of rainfall, and their contribution to the unsaturated soil 
and aquifer recharge is positive. After rainfall, water content is high and similar in 
the upper soil level (0-10 cm) under all vegetation types, but in depth (20-50 cm) 
shrubs cover present the higher values. Seven days after, the soil water content 
indicate that the presence of grasses reduce water in surface (0-10 cm) but not in 
depth (20-50cm). In contrast, the shrub plants reduce in the tow level (20-50 cm) 
more than the grasses and pinus trees. 

INVESTIGATION OF AQUIFER BOUNDARIES AND 
SEAWATER INTRUSION IN THE COASTAL PLAIN OF THE 

PO DELTA USING GEOELECTRIC MEASUREMENTS 

N.    ABU-ZETD,    Just,     of    Mineralogy,    Univ.     of    Ferrara,    e-mail: 
NSA@DNS.UNTFE.IT 
G. SANTARATO, lust of Mineralogy, Univ. of Ferrara 
A GIOVANNINI, DepL of Geol. & Paleo. Sciences, Univ. of Ferrara 

ABSTRACT 

Groundwater of coastal aquifers is usually vulnerable to quality deterioration due to 
saltwater intrusion(s). Under this context, a large scale geoelectrical survey, 
including some 100 VES, was carried out in the south-eastern part of the PO delta, 
Italy. These were integrated by a number of closely spaced (SO m - 150 m) 
soundings conducted along a profile oriented perpendicularly to the coastline. 
Moreover, an Induced Polarisation sounding and profiling test was also performed 
in two selected sites to investigate the depth to the bottom of the saline groundwater 
intrusion. The purpose of the investigation was to evaluate the subsurface geo- 
hydrogeological properties of the delta aquifers with emphasis on the saltwater 
intrusion problem. 

HYDROGEOCHEMISTRY AND FLOW MODELLING OF THE AVEIRO 
MULTILAYER CRETACEOUS AQUIFER 

M. T. CondessoMelo'*'; W.M. Edmunds'"'; M.A.Marques da Silva'"' 
(,> Departamcnto de Geoci£ncias, Universidade de Aveiro, Portugal 
<") Hydrogeology Group, British Geological Survey, UK 
e-mail: t.melo@bgs.ac.uk 

The Aveiro Cretaceous coastal aquifer is located in north-western Portugal, covering 
an area of 600 km2 in the Portuguese Occidental Meso-Cenozoic sedimentary basin. 
The region is one of the most industrialised areas in Portugal presenting also a high 
demographic density. 
The Aveiro coastal aquifer constitutes an important water resource for the region, 
guaranteeing most of the urban and industrial water supply since the sixties, bi recent 
years a continuous tall in the water table has been observed due to intensive 
groundwater abstraction, leading in some areas to values of-25 m below m.s.l.. This 
fact because it occurs in a coastal aquifer, partially confined and with a limited 
natural recharge, can lead to deterioration of the water quality either because of salt 
water intrusion phenomenas or due to mixing with very high mineralised waters from 
deeper aquifer levels, nowadays with higher water potentials. 
Being a vital resource for the region, the Aveiro aquifer acquires a certain economic 
value, which makes important the adequate evaluation, exploitation, management 
and conservation of its resources. 
Detailed hydrochemistry studies, including the analysis of major, minor and trace 
elements, and groundwater modelling are being used for a better understanding of 
the aquifer behaviour and as a scientific tool for groundwater management. 
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CURRENT ISSUES IN COASTAL AQUIFER DYNAMICS AND 
GROUNDWATER RECHARGE 

ECustodio 
Geological Institute of Spain, Madrid, fax 34 1 349 58 17. On leave from Dep. of 
Ground Eng., Polytechnics! Univ. of Catalonia, Barcelona; fax 34 3 401 65 04 

Coastal aquifers provide important groundwater resources and contain key emergency 
freshwater^ reserves usable during droughts and as back-up of other water supply 
systems, both in rural and urban environments. Principles governing fresh and 
saltwater relationships and dynamics and how they mix are well known. But actual 
behaviour depend on the ability to adequately describe local aquifer properties. 
Intensive groundwater development is possible but it may lead to early well 
salioization problems through preferential paths such as coarse layers or large fissures. 

: Also unfiushed old marine water is a source of salinization which may represent 
■■ transient situations of long residence time parts of a system. Early warning systems, 

monitoring means and adequate water abstraction pattern reduce riks and help in 
controlling unwanted salinization. 3-D simulation es currently possible although 
complex situations may become unfeasible due to limited computer capability. Reliable 
calculation of aquifer recharge from rainfall and climate data is still a major 
hydrogeological challenge. It is possible to obtain acceptable values of its time 
distribution by using apropriate calculation codes calibrated against groundwater levels 
and/or springttver discharge, and checked by means of solute balances, mainly chloride 
and water content changes in the unsaturated zone. The mam remaining problem is the 
need for some non-physically based parametres for which there are no previous 
estimates, or complex aquifer response to recharge events. 

COMPARISON OF DIFFERENT TRACER METHODS TO ASSESS 
NATURAL RECHARGE IN COASTAL AQUIFERS 

J.Guimera (J), L. Candela (2) 
(1) QuantiSci, Barcelona (Spain) jguimera@quantisci.es 
(2) Civil Eng. School, UPC, Barcelona (Spain) 

Groundwater resources in coastal aquifers may be threatened due to their scarcity and 
over-use. Therefore, natural recharge becomes a critical issue since it is the main 
source term in the absence of processes induced artificially. Different techniques are 
needed to asses natural recharge acording to local characteristics. In addition, different 
methods applied to the same aquifer may display conspicuous differences. Tracer 
experiments in the vadose zone have several advantages to evaluate recharge yet they 
directly reflect the on-site processes (they are direct), are sensitive to direct 
evaporation and are affected by transpiration when vegetation is present. On the 
counterOrt, tracers' may be selectively affected by physical or chemical soil processes 
and be uptaken by plants, and the results may be biassed by the measuring devices. 
This discussion was applied to two experiments in coastal aquifers of detrital nature: 
a small narrow strip under intensive agricultural practices and an extensive deltaic 
area. Different methods applied are compared. The validity of traditionally 
conservative tracers, is discussed. Multiple mass balances permitted to discern the 
different terms involved in the recharge process. 

I 

MODIFICATIONS IN A COASTAL AQUIFER INDUCED BY CHANGES IN 
WATER MANAGEMENT UPSTREAM (ADRA RIVER DELTA, SE SPAIN) 

N. El Amrani-Paaza (1), S. Garda-Lopez (2), J. Benavente (3) and J. J. Cruz- 
Sanjulian (3). 
(1) University Hassan V   (Settat, Morocco),  (2) University of Jaen (Spain), (3) 
University of Granada (Spain) 
jbenaven@goliat.ugr.es/Fax: +34^58-243094 

The Adra river basin (SE Spain) extends over the southern slopes of the Sierra 
Nevada massif (peaks near 3000 m) in an area of semiarid climate. Snowmehing 
from the head sector provides most of the runoff with associated low mineralized 
waters. In its middle reach the river crosses a triassic carbonate aquifer that also 
contains evaporite materials. Important losses from the stream water to this aquifer 
were reported through this reach. Downstream, the river is i gaining course in 
relation to die carbonate aquifer: Fuentes de Marbetla springs (FMS) discharge sector 
with moderately brackish waters. In its lower reach, the river runs over -and 
recharges- the Adra delta aquifer which is irrigated from streamwater and pumping 
wells. The beginning of the operation, in 1982, of the Beninar dam located a few 
kilometers upstream from the FMS has induced the leakage from sinkholes within the 
reservoir, increasing the outflow of FMS, specially as a consequence of the 
important precipitations of late 1989 and 1995. Related to this process, the deltaic 
aquifer has modified both the seasonal pattern and the magnitude of its piezometry. 
Furthermore, the chemical quality of the groundwater tends to approach that of FMS. 

PROBLEMS ASSOCIATED WITH MODELLING SEA 
WATER INTRUSION AT LARGE SPACE AND TIME SCALES 

H. Kooi. J. Groen, and J.J. de Vries £1) , 
(1) Faculty of Earth Sciences, Hydrology. Group, Vrije Universiteit, De 
Boelelaan 1085,1081 HV, Amsterdam, The Netherlands 
kooi@geo.vu.nl/Fax:+31-20-6462457 

Encroachment and retreat of the sea at geological time scales exert a 
dominant control on the evolution of fresh and salt groundwater in coastal 
areas. We investigate to what extent these processes can be properly 
represented by the variable density finite element groundwater code 
METROPOL-3. Special attention is being paid to convective flow 
instabilities which can arise when transgression of the sea carries sea water 
on top of fresh ground water. It will be shown that the dimensions and 
temporal development of finger instabilities can be adequately simulated, 
but require grid dimensions of the order of lO'-lO" m for realistic aquifer 
permeabilities. For coarser grids - required for large-scale problems - finger 
dimensions are controlled by the grid rather than the boundary layer 
Rayleigh number. The influence of the grid on spatially-averaged aquifer 
salinisation will be discussed 

WATER MANAGEMENT IN A SOUTHERN COASTAL REGION OF 
SPAIN (THE VELEZ RIVER). SIMULATION OF GROUNDWATER AND 
SURFACE WATER FLOW FOR THE PROPER FRESHWATER BUDGET 

J.L. Garcfa-Aröstegui (1), F. Padilla (1), M.C. Hidalgo (2) and JJ.Cruz-Sanjulutn (1) 
(1) Water Research Institute, Univ. Granada, c/ Rector Lopez-Argüeta s/n, E-18Ö71 
Granada, (2) E.U.P. Linares, Univ. Jaen, c/Alfonso X el Sabio, 28, E-23700 Linares 
chidalgo@uiaen.es/Fax: +34-53-649508 

The hidrological regime of the detritical aquifer of the Veta River (Malaga, Spain) 
has been substantially modified since the La Vifluela reservoir system started 
operating in 1989. Its setting up in the higher basin has caused a decreased of the 
aquifer recharge. In addition, the persistent drought in the first half of the 1990s and 
the increasing exploitation of aquifer resources have produced a considerable 
drawdown of piezometric levels, accompanied by groundwater quality deterioration 
and seawater intrusion. Irrigation with treated municipal wastewater in the coastal 
area has been considered as a water management alternative in order to reduce 
groundwater exploitation by pumping wells and saltwater intrusion from the sea. A 
finite element numerical model is used to carry out steady state simulations of water 
flow in both groundwater and surface water with the help of open boundaries for the 
proper freshwater budget. Annual mean volumes of recharge (30 hm /yr), reduced 
exploitation (-29 hm'/yr), wastewater irrigation return (0,3 hm'/yr), irrigation return 
(1,4 hm'/yr) and net rainfall (1,7 hm'/yr) were considered in the whole catchment- 
basin of the studied system. The accomplished simulation provide a decrease of 
seawater intrusion in the coastal sector as a result of this water management 
alternative to a clearly positive value (4,4 hm'/yr) of freshwater discharge to the sea. 

Assessing groundwater exploitation in the Alt Empord' coastal aquifer. 

J. Mas-Plal, J. Bächl, E. Viqals2 J. Trillal andi. Estalrichl. 
1.- Unitat d'Hidrogeologia, Universität Autmoma de Barcelona. 
2.-GESMIN, Girona. 
E-mail: pep@cataw.uab.es 

Groundwater exploitation in the Alt Empord' coastal aquifer (NE Spain) was stopped 
in 1985, after two decades of intense withdrawal, specially in the summer season. At 
that time, chloride concentration was above 1500 mg/L, being not suitable for 
domestic uses. Presently, water supply depends on surface water only, which may be 
insufficient in extremely dry years. Therefore, groundwater resources must be added 
to fulfill the local demand. To assess aquifer exploitation, we have investigated the 
maximum discharge rate that will kept chloride at suitable concentrations. 
Hydrological and chemical data indicate that chloride was leached from the confining 
layers to the main sandy aquifer. A mathematical model based on Hantush and Jacob 
(1955) equation for leaky aquifers, considering variable discharge in multiple wells, is 
used to estimate the flow from the aquitard, and therefore the amount of salt leached 
toiKe aquifer. Simulated data are calibrated with the chloride monthly record from 
1975-82. Finally, we present the feasibility of completing the water demand in dry 
years with high quality groundwater (Project CICYT AMB95-0867). 
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CHEMICAL EVIDENCE OF SURFACE WATER INFILTRATION IN THE 
CASTELLON PLAIN AQUIFER, SPAIN 

I. Morell (1), J. Tuflön (1) and J. R. Jimenez (2) 
(1) University Jaume I. Castellön. Spain (2)Diputaciön of Castellön. Spain 
morelI@vents.uji.es/Fax: +34-64-345654 

Mijares river pass through the Castellön Plain (middle east of Spain), a coastal 
detrital aquifer heavily affected by agricultural pollution reaching up to 400 mg l'1 of 
nitrate. However, low contents of nitrate have been found in a linear sector along the 
Mijares river. Mijares river is basically regulated by the Sichar dam before passing 
through the plain, but other small dams exist downstream. There is some evidences 
of water infiltration at the Sichar dam itself (more that 20 hmVyear) being one of the 
main mechanisms recharging the plioquatemary aquifer. Preferential flow along the 
subaluvial materials could partially explain the presence of the freshest and less 
polluted water in a narrow fringe from the border up to the coastline, but some 
located areas show specific hydrochemical characteristics. These areas are in 
coincidence with the small dams. Hydrochemical studies have been carried out in 
order to establish some type of relationship between the water infiltration and 
groundwater quality. The results show a high coincidence of chemical parameters of 
both surface and groundwater, and a closed relation has been found in the trends of 
both water types. In the other hand, variations of the hydraulic head are closely 
related with storage conditions in the dams. In conclusion, the located high quality 
groundwater in the Castellön Plain aquifer is related with preferential surface water 
infiltration. 

THE GROUNDWATER RECHARGE IN THE AZUL AQUIFER, CENTRAL 
BUENOS AIRES PROVINCE, ARGENTINA 

M. Vami, E. Usunoff. P. Weinzettel and R. Rivas 
Institute de Hidrologfa de Llanuras, CC 178,7300 Azul, Argentina 

i.unicen.edu.ar/Fax:+54-281-32666 

The potential evapotranspiration using Thomthwaite equation (1948) followed by a 
monthly water budget of teh soil according to Thornthwaite-Matter (1957) are 
currently employed in Argentina for estimating the groundwater recharge due, 
mainly, to their low-data requirement If such a budget is carried out in the central 
region of Buenos-Aires Province, where the Azul aquifer is located, a recharge of 
10-J 5% of the annual rainfal is obtained, which is about 900 mm. Such a region in a 
plsin where most of the primary agricultural activities are carried out. Recently, the 
application of. other methodologies have came up with sustantiatly higher values for 
evapopanspiraqjon and lower values for groundwater recharge. Such methodologies 
are the estimation of the areal real evapotranspiration coming out from the Morton's 
model (Morton et a!., 1985), the mass-balance of chloride, and the groundwater-flow 
simulation using the recharge as the calibration parameter. In all cases, a mean annual 
recharge of 40 mm is obtained, with some details given by the groundwater model 
which discriminates two sectors with recharges of 52 and 16 mm/year associated to 
soils of different-types and uses. Hence, this paper attempts to demonstrate that the 
Thomthwaite method severity overestimates the groundwater recharge, thereby 
hindering'the possibility of using such estimates in long-term planning and 
management of the water resources. 

SEAWATER INTRUSION AND SALINE REGIONAL WATERS. A 
SYNERGIC SALINIZATION 

I. Morell (1), E. Gimenez (1), L. Tulipano (2) and M.D. Fidelibus (2) 
(1) University Jaume I. Castellön. Spain, (2) Istituto Politecnico di Bari, Italia 
morell@vents.uji.es/Fax: +34-64-345654 

Water in the south area of the Castellön Plain aquifer (middle east of Spain) is of a 
calcium-magnessium chloride-sulphate type, with high contents of strontium and 
lithium. Both direct seawater intrusion and a notable addition of sulphatic water 
contribute to the final chemical quality in the area. Seawater intrusion affects to the 
plioquatemary aquifer due to overexploitation. Sulphatic waters may originate from 
a heavy withdrawal directly from the deep aquifer related to the presence of 
structural heights in the mesozoic substratum (triassic dolomies). Overexploitation in 
the area therefore causes two concomitant facts, the reciprocal prevalence of which 
may depend on the permeability of plioquatemary aquifer along the coast Where 
high permeability occurs, overexploitation causes lateral seawater intrusion; and 
where permeability, and therefore contact with the sea, is reduced, overexploitation 
causes the downward withdrawal of sulphate waters. Even without piezometric 
measurements of the deepest aquifer, it can be seen that with moderate water use the 
hydraulic head of the plioquatemary aquifer dominates that of the deep system, 
whereas with overexploitation, the hydraulic head of the deep aquifer prevails over 
the depressurised shallow aquifer. Distribution of sulphate, magnessium, strontium 
and lithium ions are good tracers to differentiate the effect of each saline process. 
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01 Measurement of bedload and suspended 
sediment in turbulent flow 

Convener: Laronne, J.B. 
Co-Convener: Ergenzinger, P. 

BEDLOAD PULSES ASSOCIATED WITH MIGRATION OF SAND DUNES 

Ramon J. Batalla, Universität de Lleida. Spain, rbatalla@macs.udl.es 
Albert Rovira, Universität de Barcelona, Spain, rovira@trivJum.gh.ub.es 

Series of bedjoad measurements are underway in the perennial Arbücles river 
(Catalan Coastal Ranges) to characterise, the relation between short-term 
bedload pulses and migration of bedforms. Hand-held Helley-Smith samplers 
are used under steady conditions, Upm low flows to rjankfull discharges. In 
orderte provide information about fluctuations in bedload rates, sampling time 
is as short as possible and defined with respect to the pass of a primary dune 
through the sampling section. Flow depth and velocity, bedload size 
distribution and suspended sediment are also monitored. During first set of 
measurements mean bedload was 392 gr m"1 s"'. Ratio bedload-discharge to 
water-discharge (ib/Q) was 1/500. Coefficient of variation reached 50% and 
maximum variation 800% at two minutes interval. Median bedload size varied 
from 4 to 6 mm. During second serie, mean bedload rate was 67 gr m"' s"\ 
(WQ=1/3000). Coefficient of variation performed high at 40%. Maximum 
variation between consecutive samples reached 225%. Median bedload size 
was 1 mm in the channel centre and 0.7 mm near the banks. Movement of 
sand is clearly dependent on bedform migration; maximum rates occur over 
the dune's crest and minimum bedload takes place during the elapse 
between two dunes. Variability between samples is higher under higher 
water and bedload discharges. This fact indicates that increasing passage of 
dunes not only increases bedload rates but also the variability between them. 
In addition, bed-material size Increases substantially with bedload rates. 
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CONTINUOUS MONITORING OF BEDLOAD DISCHARGE IN AN 
EXTREME ARID ENVIRONMENT, NAHAL RAHAF AND KANAIM, DEAD 
SEA, ISRAEL* 

H. Cohen and.'J.B. Laronne 
Department of Geography and Environmental Development, The Ben Gurion 
University of the Negev, Beer Sheva, Israeljonathan@river.bgu.ac.il 

We shall present the first-ever published record of bedload flux continuously 
monitored in an ephemeral channel located within an extreme arid environment The 
site is the often braided Nahal Rahaf and its mountainous, narrower and steeper, 
cobbly-bouldery tributary Nahal Kanaim. They drain to the Southern Dead Sea near 
Massada. The station was installed 2 years ago after which the sections regained 
equilibrium above the trap sites. This winter has continued to yield high quality data 
as follows: bedload flux within an anabranch (inner channel) and another on a bar on 
the Rahaf, and a centre-channel slot on the Kanaim; additionally, we monitor water 
surface slope in the Rahaf at higher flow stages, and water stage at all water stages. We 
have recently installed a continuously monitoring turbidity sensor that is operable and 
calibrated to as much as 80, 000 ppm. We have sampled suspended sediment 
concentrations of 3-5 percent Because of the steep slope and the limitless availability 
of sediment (both fine grained and coarser), bedload fluxes are very high. Discharges 
exceeding 10 kg /sm have been monitored. Although these are very high, bedload 
concentration does not exceed ca 5 percent of total sediment concentration. This has 
also been ascertained independently from Nahal Rahaf reservoir resurveys. Bedload - 
shear stress relations are presently being analysed. They demonstrate the high 
availability of bedload in this environment. The very fast accumulation of bedload 
inside the traps has brought forwards a multitude of technical problems in the datafiles 
as well as in their analysis. 

EFFECTS   OF   THE   3-D   TURBULENT   FLOW   FIELD   ON   TRAP 
MEASUREMENTS 

H. Habersack, H. P. Nachtnebel, (Institut für Wasserwirtschaft, Hydrologie und 
konstruktiven Wasserbau, Universität rar Bodenkultur, Muthgasse 18, 1190 
Wien, Austria), 

J.B. Laronne, (Department of Geography and Environmental Development, Ben- 
Gurion University of the Negev, Beer-Sheva 84105, Israel) 

During the past 20 years several slot-type trap devices have been developed to 
continuously measure bedload transport This paper deals with the effects of the 
turbulent flow field oh the trap measurements. The prototype measuring system at 
the Drau River, Austria, is a slot sampler consisting of a fixed concrete tube of 2 m 
diameter and 1.5 m depth and two steel boxes, one located inside the other. The 
boxes can be taken out and reinserted into the concrete tube. In order to achieve a 
reasonable hydraulic efficiency, two boundary conditions have to be met First the 
slot should not significantly influence the flow field outside the trap. Second, flow 
velocities and turbulent structures inside the trap should be minimal in order to 
prevent «mobilization of trapped bedload. Using 3-D flow velocity measurements 
with an electromagnetic current meter we demonstrate that the trap does not 
influence the 3-D turbulent flow field outside the trap. The flow field within the box 
depends on the extent of trap fill. On top of the sediments the flow velocities reach 
values less than 10 mm s"' with relations between x / y and x / z directions of less 
than 7 and 40. Up to a stage of 80 percent fill the hydraulic conditions inside the 
trap are those of an essentially standing body of water, similar to those encountered 
in the prototype measurements when the trap is empty and when its hydraulic 
efficiency is almost unity. 

QUANTITATIVE EVALUATION OF BED LOAD MEASUREMENTS 
IN THE RIVER RHINE 

M. Disse (Federal Institute of Hydrology, Postfach 309, D-56003 Koblenz) 
A. Bärdossy (University of Stuttgart, D-70550 Stuttgart) 

The river Rhine is the most important waterway in Europe. In the last 200 years it was 
straightened leading to considerable changes in the morphological dynamics 
(deepening of the river bed). In order to observe and regulate this process, bed load 
measurements are carried out by the Federal Institute of Hydrology since the 
beginning of the 70ies. Measurement sites are located in the average every 15 km. 
The large scale sediment budget is calculated based on the relation between discharge 
and sediment transport. The shape of the transporl/discharge-function cannot be 
clearly determined due to the high scatter of the measured data. Therefore different 
functions are set up. The deviations between measured and calculated loads are 
assessed using a cross-validation approach. This can be used both for the comparison 
of different transport formulas and for the detection of possible outliers of the 
measurements. 
The uncertainty of annual sediment loads cannot be quantified by common statistical 
means. Therefore a bootstrap method is used to assess quantitatively the uncertainty 
of long term loads (confidence intervals, variation coefficient, ...). So each 
measurement cross section can be judged and the measurement strategy can be 
optimized. 
Furthermore, the possible transfer of information of nearby measurement locations is 
under investigation using Bayesian statistics. 

Influence of ring structures and shear stress distribution on river 
bed stability 

B. Kozlowiki (Institut Sir Geographische Wissenschaften, Freie Universität Berlin, 
Grunewaldstr. 35, D-12165 Berlin) 

In a torrential river water, depth and slope- of the river bed are very variable 
parameters owing to rapid fluctuations of discharge and sediment tranport. Therefore 
it is not possible to characterize the shear «tress of the river bed by a mean 
parameter. In order to understand more about stable bedforms and structures on the 
Surface of the river bed, it is important to obtain a more precise knowledge ofshear 
stress distributions and the interactions between turbulences, shear stresses and ring 
structures. 
Stability problems of ring structures and the validity of the mean shear stress are 
discussed. Proposed results are based on actual measurements at a test site in a 
mountain torrent with varying discharge, as well as on flume data. The stability of 
ring structures can be defined with these data to that a physical explanation is 
possible. The results of the study demonstrate the importance of a more precise 
description of active shear stress in a mountain torrent using the proposed 
distribution function. 

VELOCITY FIELD AND RESISTANCE OF FLOW OVER ROUGH SURFA- 
CES WITH LARGE AND SMALL RELATIVE SUBMERGENCE 

A. Dittrich (Institut für Wasserwirtschaft und Kulturtechnik, Universität Karls- 
ruhe, Kaiserstr. 12, D-76128 Karlsruhe, F.R. Germany) 

In gravel bed rivers surface, form and system roughness changes with time due 
to grain sorting. In the course of this armouring the roughness of the river bed 
as well as the bed resistance increase till a stage of so-called maximum bed 
stability is approached. Thus, to estimate the stability of these river beds the 
precise knowledge of the velocity field and the corresponding resistance of the 
flow over rough surfaces are of great importance. 
In this study, important formulas that describe the flow field over rough surfa- 
ces with different relative submergence are summarized and explained. It turns 
out that the flow field over rough surfaces with small relative submergence 
deviates remarkably from the one with large relative submergence. Differences 
in flow resistance as well as velocity and turbulence intensity distribution are 
documented with own data and data from the literature. The consistency and 
inconsistency in the results of velocity and turbulence intensity distribution as 
well as flow resistance are pointed out and discussed. Finally, physically based 
explanations are given for the deviations of the results. 

'Bursts and Cyclical Movement of Sand/Granules on MobDe Bed Patches Utilising 
Vide« Photography -the Tordera River' 

Jonathan Laronne and Celso Garcia 

This talk will focus on the character of initiation of motion and actual transport paths 
taken by individual sedimentary grains in mobile bed patches. Examples will be given 
from video runs of patches in the bed of the Tordera River. 
It is apparent that bedload transport takes the form of bursts and cyclical movement 
within patches. Most of the particles move in saltation and rolling - few slide. During 
time intervals longer than the bursts, some of the sediment moving internally within 
the patch spills downstream and out of the patch. The location of the spill is rather 
constant and depends on the geometry of the patch boundary, particularly in the lee 
side. Additionally, it appears that the character of the secondary ciculation within the 
patch is controlled to a large extent by the size, shape and location of the protruding 
clasts located mostly in the stoss of the patch. 
The presently acceptable description of gravel bed topography as comprising mostly 
pockets between and protrusions of patrticles is a simplification that may considerably 
undermine the validity of presently available deterministic models of bedload 
transport. Defining the mechanisms of bedload movement within and out of mobile 
bed patches may be very useful in the outline of such models of real gravel bed rivers. 
It may be particularly relevant to models of initiation of motion and in evaluating 
bedload flux during conditions prior to pavement disruption. 
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ASSESSMENT OF MOUNTAIN STRFAM ANNUAL BEDLOAD TRANSPORT 
RATES IN THT, DROME. WATERSHED, FRANCE. 

Lyflsti.t.cu.i'.aaaffliiu 
(1) Uboratoire Rhcdaaien de Ceomerphotogie, University I.ronicrc I.yon2. FAX: +.134 78 
77 24 2«.. 

The »im'of this study is lo um uinuid bcdluad tiaiisport rates of mountain tributaries of 
the Drome river which drains (he southern pradpine range of the Dion (Rhone basin, 
southetutem France). We haw selected 3 mountain «train» in the upper port of the Drome 
burin, These «re duum-toized by channel narrowing jmrema associated with bed 
degradation in their Iowa reaches induced by coarse sediment nipply decrease from 
hillidopea. Vegetation development in channel* is more pronounced hi the llamavctic 
creek (inactive torrent) than on the Esconavette and Beott* one* (Active torrents). Annual 
rjcdload transport rates have been measured using a technique which associate« acour 
chain*, pahtted particle* and aurveyed era« section». This paper present* the flrst result« 
of an investigation which has started in the beginning of 1997. The accuracy of 
measurement* is less than 5 % on the ßacmavehY creek in comparison with the surveying 
ofa mining hole filling. This torrent ha* transported V7 nr of annual bcdload for ■ total 
■neon cumulative distance of 230 tn on the occasion of J flow events of leas than one yetu 
interval recurrence. Annual bcdload transport rate and annual distance of transport on the 
Dxnwvctie ens* has been evaluated ut 520 a? and 270 m (5 flow event* with a major 
flood oecuring on July). On the Reous crock, we measured 2 minor flow event* which have 
mobilised 2<W nv1 of hedlnsd Ibr a total distance of 200 m. Bivariate relation between 
peakflow discharges and bedload transport indicate) a high »«liability between the 3 
torrent* when discharge* are greater than 10 m* a"', This can be attributed to the different 
sediment availability according to torrent activity. 

PREDICTING BEDLOAD FLUX UNDER WAVES 

P.M. Rubin (1), I.M. Nelson (2), and R.L Shreve (3) 
(1) VS. Geological Survey, Menlo Park, CA, 94025 USA, dr@octopus.wr.usgs.gov 
(2) U.S. Geological Survey, Lakewood, CO 80225 USA, (3) UCLA Dept. of Earth 
and Space Sciences, Los Angeles, CA 90024 USA 

To determine the effect of turbulence on sediment transport, we used high-speed 
cinematography and laser-Doppler velocimetry to measure bcdload flux and near- 
bed velocity at 100 Hz in an oscillatory flow in the lab. A constant value of stress 
was found to yield significantly different flux depending on phase of the wave. On 
the accelerating limb, turbulence and vertical momentum exchange tend to be 
reduced, so mean velocity near the bed increases without much increase in the 
standard deviation of velocity. In contrast' deceleration produces an increase in 
turbulence and standard deviation of velocity. Because sediment transport depends 
on the highest velocities (including turbulent fluctuations) that occur near the bed— 
rather than "average" conditions—flux is enhanced during the decelerating limb of 
a wave. Even experimental waves vary from each other, and such variations make 
it difficult to predict the actual time series of flux through differing individual 
waves. Nonlinear input-output modeling was used to relate time-varying sediment 
flux to velocity; the correlation coefficient between flux and velocity was weak (r2 

= 0.05). Smoothing the data to 4 Hz improved the correlation between flux and 
velocity (r* = 0.37). Additional increases in accuracy of predicted flux time series 
were achieved by basing predictions on turbulence in addition to velocity (r2 = 
0.52) and by using 3-second sequences of velocity and turbulence to characterize 
the flow (r2 = 0.79). 
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02 Morphological processes at the hillslope 
and river scale 

Convener: Roth, G. 
Co-Convener: Copertino, V. 

CLIMATE CHANGE AND FLUVIAL DYNAMICS: A MULTI- 
MODEL APPROACH 

P. W. Bogaait 
Faculty of Earth Sciences, Vrije Universität Amserdam. 
bogw«geo.vu.nl/Fax: [+31] 20 6462457 

The adjustment of alluvial rivers to external forcing is characterised by a com- 
plex response. Research on the river Meuse (Maas) has shown that it's morpho- 
logical response to the LateGlacial - Holocene transition consists of alternating 
phases of incision and deposition as well as changes in channel planform type. 
On basis of these observations, hypotheses regarding the response of river sys- 
tems to climate change in general were proposed. 
A quantitative model for medium to long-term river dynamics is being built. 
The main targets of this model are testing of these hypotheses and quantifica- 
tion of total sediment throughflow. This model is based on an integration of 
existing knowledge of fluvial dynamics. This knowledge consists of detailed pro- 
cess descriptions as well as empirical relationships between equilibrium values 
of fluvial system variables. For example, detailed numerical models of meander 
evolution or braiding dynamics are available from which heuristics regarding 
meander belt width, braiding index etc. can be extracted and used in a general 
model. Many empirical relationships are bases on limited datasets and require 
careful assessment before they can be applied in a general model. 
The model under construction will therefore be based on a combination of 
various sub-models. A number of these will be discussed, and some preliminary 
results will be presented. 

ON THE DISTRIBUTION FUNCTIONS OF THE PEAK AND 
THE TIME TO PEAK OF TOPOLOGICAL WIDTH 
FUNCTION 

Carmelo Agnese (1) and Antonio Crinilnisi (2) 
(1) D.B.I.T.A., Vlale delle Scienze. 90128, Palermo (ITALY) 
(2) D.U.A. A, Vlale delle Scienze, 90128, Palermo (ITALY) 

Since the introduction of the gcomcirphological instantaneous unit hydrograph in 
hydrology (Rodrtguei-Iturbe and Valdis, 1979), a number of analyses has been 
devoted to establish the extent to which the network structure can be used for 
determining the hydrologic response of a basin- Particularly, the so-called "width 
function formulation of GIUH" it based on the analysis of the statistical properties 
of the width function, which denotes the number of drainage areas sharing the same 
distance x ftom the basin outlet. Referring, to those drainage basins where link 
lengths and link-associated drainage areas are constant, an ideal network could be 
defined, in which the overall structure differs from the topologlcal one on a length 
scale only. Under this simplified arrangement, the drainage area of »ny link is 
proportional to the magnitude of that Unk, and the distance from the outlet is 
proportional to tho bifurcation level. In the paper the Authors analyze scaling 
properties of probability distributions of the peak and time to peak of topologlcal 
width function. Particularly these distributions are referred to subsets of random 
networks, characterized by a shape parameter p-log(2u-iyiogM, where u and X 
are the network magnitude and the network diameter, respectively. 

SOIL SURFACE MORPHOLOGY EFFECTS ON OVERLAND FLOW 
TRIGGERING 

F. Darhoux(l.2). P. Davy (1), C. Gascuel-Odoux(2) and C. Huang (3) 
(l)Geosciences Rennes, UPR 4661  CNRS, (2) INRA-Science du sol, Rennes, 
(3) NSERL, Purdue Univ., USA 
darboux@univ-rennesl.fr/Fax: +33 2 99 28 60 88 

Soil surface morphology is one of the main parameters determining erosion and 
water flow at hillslope scale. Understanding effects of soil surface morphology is 
essential in order to traced material redistribution on surface, to couple water and 
sediment transport and then id improve erosion and runoff predictive models. Effects 
of roughness on overland flow starting were studied using a conditioned walker 
model. This model is able to simulate a gradual depression filling on a complex 
surface. With added water, a depression network develops and grows: at the 
beginning, few puddles are connected, catchments are small and water can be 
transferred on short distances only. When some filling rate is reached, water can go 
through the system. Depression connectivity evolution was analyzed using 
percolation theory. It allows a dynamic characterization of surface properties. 
Several surface morphologies were compared. The use of generated surfaces enables 
to understand relations between surface properties and overland flow triggering. The 
same approach has been carried out using surfaces measured on a 2.5 x 2.5 m soil 
box during a laboratory rainfall simulation experiment. The utility of such a model to 
scale up processes occurring at hillslope scale will be discussed in relation to 
morphologic data. 
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HYDROLOGICAL CONTROLS ON THE MAINTENANCE OF STEEP 
TROPICAL SLOPES BY MASS MOVEMENT 

A. P. Dykes (1) 
(1) University of Huddersfield 
a.p.dykes@hud.ac.uk 

The rainforest of southeast Brunei stands on a rugged, mountainous landscape which 
has resulted from prolonged uplift and incision. The lower valley slopes adjacent to 
the major rivers and minor tributaries are typically very steep (40-50;) and planar in 
form. Athin mantle of weathered saprolite overlies hard argillaceous shale on most of 
these slopes. The saprolite comprises a clay matrix with less-weathered corestones and 
numerous macropores. Infiltration capacities of several hundred mm h-1 and saturated 
hydraulic conductivities of >100 mm h-1 mean that the rate of entry of water into the 
soil is determined by the intensity of throughfall. Perched water tables within the 
saprolite develop and drain rapidly in response to high intensity rainfall and 
throughfall. Using a simple hillstope hydrology model with the "infinite slope" 
stability analysis, it was found that high magnitude rainfall events can saturate the 
saprolite mantle to the surface, triggering shallow mass movements if sufficient depth 
of saprolite is present. These shallow failures mainnfin -the planar forms of the steep 
lower valley slopes. 

A SEMI-DISTRIBUTED SIMULATION MODEL FOR NATURAL 
PIPEFLOW 

J. A. A. Jones and L. J. Connelly 
Institute of Geography and Earth Sciences, University of Wales Aberystwyth, SY23 
3DB.UK. 
jaj@aber.ac.uk/Fax: +44 1970 622659 

Reeent field monitoring of flow in natural soil pipes has demonstrated its potential 
importance as a hillslope drainage process and a source of streamflow, yet few 
attempts have been made to model pipeflow. The most recent computer model is 
highly unrepresentative of the field situation. This paper describes a semi-distributed 
simulation model with physically based parameters that has been designed around 
the longest run field experiment on pipeflow. The model achieves a credible 
simulation, corroborating the dominance of the presumed sources of pipeflow in the 
conceptual model, namely lateral drainage through the pipe walls and bed and a 
mixture of inputs passing through the mid-slope bogs. Both rainwater infiltrating 
directly into pipes through the roof and capture of overland flow through blow-holes 
seem to be minor sources. A Darcian model is used for effluent seepage in the pipe 
horizon, but infiltration and transmission within the surface horizon is predominantly 
non-Darcian and is modelled empirically. The simulated pipe network is divided into 
a series of segments, to each of which is attributed a mainstream and tributary 
geometry representative of the real-world network. Flow is routed and accumulated 
by segment. The model fits 20 observed pipeflow events well. 

REQUIREMENTS   FOR   THE   SUSTAINABLE   DEVELOPMENT   OF 
MOUNTAIN TORRENTS 

Peter Eryenzineer. FU Tallin, Geography, 
PERG@mercator. geogVFU-Berun. de, fix: ++49 30 838 6126 

The training of mountain torrents is aimed primarily at the protection of the people 
living along its lower courses. Disasters occur when extreme floods mobilise huge 
amounts of solid materials causing sedimentation and channel changes. Debris 
flows and/or density flows amplify these tendencies. During the last centuries these 
problems were attacked öy an ever increasing number of check dams and slope 
conservation measures-. This created a feeling of safety in the neighbourhood of the 
river but to ensure this firstly, all technical measures must be maintained and 
secondly, quite often the measures are outsized by natural events. The Lainbach, a 
test basin near Benerjifctbeuem in Upper Bavaria, proves that new approaches 
should be applied for long term disaster mitigation. By studying the worst case 
scenario, a combination of extreme rainfall during a wet summer with local mass 
movements, the potential reactions of the riverbed are estimated. In order to gain a 
suitable retention storage instead of building more check dams in the mountain, 
more space for potential sedimentation must be countered for on the alluvial fan. 
Short term technical solutions do not match the demands for more riverbed stability 
along the river course and do not add more security to the people. For the rest, the 
system proposed was successful during the centuries before industrialisation: so, 
BACK to the FUTURE! 

THE MORPHOLOGICAL STRUCTURE OF MULTI-CATCHMENT REGIONS 

P. La Barbera and L Lanza (Hydraulics Institute, University of Genova, I 
Montallegro, 16145 Genova, Italy) 

The morphological structure of multi-catchment regions is a topic of current research 
in hydrology and the assessment of the impact on such systems of meteorological 
events with a typical dimension in space and time suitable to cover the whole region 
and thus containing many scales of the hydrological response to heavy rainfall events 
is a challenging task with operational feedbacks. The inherent uncertainties in the 
prediction of the rainfall field structure suggest that a statistical characterisation of 
the geomorphologic features of multi-catchment regions could be useful in this 
context. With reference to the Liguria region of Italy (total area a 5.000 km3) it may 
be observed that a scale factor exists for catchment areas within a region, say Re, that 
- in analogy with the scale factors proposed in the Horton-Sthraler approach - is 
assumed of the form Re = T Rb- In *e present paper the probability distribution of 
the area Af of catchments with outlet to the sea, when measured through a reference 
area Ao, P[Af > a] = (Al/Aof is derived with ß = In Re / In Ra. The form of the 
distributions P[Amax > a / L] (probability of the largest catchment in a coastal strip 
of linear dimension L), and P[AT > a IL] (probability of the total area of the region 
given L) are also easily derived. The interaction between the probability structure of 
catchment areas within a region with given coastal dimension L and the probability 
that a meteorological storm which covers the regions may contain rainfall events 
able to trigger hydrological resonance (crisis) of any particular class of catchments is 
investigated. The assessment of the expected impact of extreme events at the ground 
is therefore possible for a given structure of the forecasted meteorological scenario. 

EXPERIMENTAL INVESTIGATION OF DRAINAGE NETWORK 
DEVELOPMENT 

K. Helming (1), M.J.M. Römkens (2), S.N. Prasad (3), H. Sommer (4) 
(1) Dept. of Soil Landscape Research, ZALF Müncheberg, Germany, (2) USDA- 
ARS National  Sedimentation  Lab.,  Oxford MS,  USA,  (3)  Dept.   of Civil 
Engineering, Univ. of Mississippi, USA (4) Dept. of Landscape Ecology, Technical 
Univ. München, Germany. 
khelming@zalf.de 

Drainage networks are usually determined at the river system scale. Small scale 
drainage networks of upland eroding areas have rarely been studied. The objective 
of this study was i) to explore the similarities between drainage networks on eroding 
surfaces and those of river systems and ii) to determine the interrelationships 
between drainage network development and soil erosion. In flume experiments 
sequences of simulated rainstorms and overland flow were subjected to soils of 
initially different surface configurations. Before and after each rainstorm and 
overland flow test, digital elevation maps of the soil surface were generated using a 
laser scanner with 3 mm grid spacing, and drainage networks were determined. 
Results showed that Horton's ratios and fractal characteristics of the small scale 
drainage networks were similar to those of river systems. Initially different network 
configurations yielded different erosion values but resulted in similar network 
characteristics at the end of the experiments. The network changes led to network 
structures that resulted in continuously decreasing soil erosion values. The results 
support the idea of optimization in drainage network development. 

ON THE HYDROLOGICAL RESPONSE OF MULTI-CATCHMENT 
SYSTEMS TO LARGE SCALE METEOROLOGICAL EVENTS 
P. La Barbera and L Lanza (Hydraulics Institute, University of Genova, 1 
Montallegro, 16145 Genova, Italy) 

With reference to the case study of the Liguria region of Italy, a multi-catchment 
region in the northern Mediterranean, the theoretical results obtained in La Barbera 
and Lanza (1998) and in Lanza and La Barbera (1998) are applied to develop a 
suitable operational methodology for simulation of the hydrological response to 
large scale meteorological events. First, identification of the scales that are involved 
when input is given by a meteorological model has been performed. Second, an 
optimal information structure for the hierarchical characterisation of a multi- 
catchment region has been developed, so that all targets of potential interest for civil 
protection purposes over the whole region are identified assumed that a given 
perception threshold holds. The structure is based on a topological approach and 
allows complete characterisation of all catchments within a region, and of the 
internal structure and hierarchisation of each catchment. Third a multi-catchment 
distributed hydrological model has been implemented, so as the hydrological 
response of the region may be simulated at the suitable space and time scales. 
Simulation of real events is presented where the assessment of the ground effects is 
performed in statistical terms. 
U Barbera, P. and Lanza, L. (1998). On the morphological itracturc of mulü-calchmem regions. BGS 
XXm Gen. Assembly, Nice (France), 20-24 April 1998. 
Lanza, L. and La Barbera, P. (1998). Downscaling of rainfall predictions and uncertainty in aw 
associated flood events at the ground. EGS XXID Gen. Assembly, Nice (Prance). 20-24 April 1998. 
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IMPACT OF SHIP'S WAVES ON RIVER BANK DYNAMICS 

Maslikova OJ., Debolsky V.K. (Water Problem Institute, Russian 
Academy of Sciences, Novaya Basmannaya 10, Box 231, 107078 Moscow, 
Russia) 

In present time the problem of impact of ship movement on environment is a 
very important An impact of ship's waves on river banks, consisted of friable 
sandy deposits, makes dependent on the deformation of submerged bank slope. 
A predictive model is presented to calculate wave heights, longitudinal current 
velocities and sediment transport rates induced by the ship's waves. An 
initiation of the waves under action of moving ships is considered, wave 
heights and angle of the wave approach to the bank is calculated. The angle 
approach of the ship's waves to the bank has a great significance. The angle 
depends on river velocity, velocity and direction of ship movement, and 
changes with a change of a distance from the bank. Models of suspended 
sediment movement were analysed from the point of view of possibility of 
their application in coastal zone. On the basis of a model of deformation 
profile of the bank, suggested by LOXeont'ev, the dependence of bank slope 
erosion on the ship's waves was developed. If we know the composition of the 
rocks, making up the bank, we could calculate the maximum velocities of 
sediment movement along and against the current. It is possible to calculate an, 
inverse task. Using averaged rates of ships in channels, we could create the 
artificial alongshore embankments. 

THE     TRANSITION     FROM     RULED     TO     BRANCHED 
DRAINAGE IN A HILLSLOPE EVOLUTION MODEL 

J.D. Pelletier 
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA. 
jonegps.ealtech.edu/Fajc: 626-585-1917 

It is observed in field experiments that a rilled or gullied drainage system will 
develop if the slope of the initially unchannelized hillslope is above a threshold 
value. A branched tree is formed below the threshold slope. We examine this 
transition quantitatively with an alluvial hillslope evolution model where the 
flux of sediment is proportional to the local gradient and discharge. Conser- 
vation of sediment applies and the channels dissect the hillslope with a rate 
proportional to the local shear stress. Drainage systems are produced with a 
variety of different support areas and initial slopes. A threshold product of 
slope and support area is observed to control the anisotropy of the resultant 
drainage systems. The dominant wavelength of the rilled surface in the model 
is related to the slope and support area and results are in agreement with field 
observations. The nature of the transition, whether it is abrupt or gradual, as 
a function slope is investigated. 

HSA2        Hydrology   and   landforms   and   fluvial 
systems 

03 Sediment and contaminant transfers at 
the land/ocean interface 

Convener: Leeks, G. 
Co-Convener: Monaco, A. 

rRANSFER OF DISSOLVED INORGANIC NITROGEN TO A COASTAL 
LAGOON: THE CASE OF THE ARCACHON BAY (FRANCE). 

RIMMELINP. and DUMON J-C. 
D.G.O, UMR-CNRS 5805, FRANCE 
rimmelin@geocean.u-bordeaux.fr 

The aim of this study is to better understand the dynamic of DIN transfer from the 
continent to the Arcachon Bay. It consisted in monitoring during a year (December 
1995 to November 1996) the dissolved inorganic nitrogen (DIN) inputs into the 
Arcachon Bay (France). Three different sources have been studied: direct rainfall, 
groundwater and rivers. The DIN fluxes measured amounted to 783 t-N for rivers 
(89%), 87 t-N for direct falls (10%) and 7 t-N for groundwater (1%). DIN fluxes 
reached the Bay mainly in the form of nitrate (818 t-N/y) which acts as an indicator 
of agricultural impact in this pedoclimatic environment. Study of seasonal variations 
has shown an imbalance of DIN input: 78% of the annual DIN inputs (684 t-N) have 
reached the Arcachon Bay during the high water-table period (from November 1995 
to April 1996). This has been generated principally by the decrease (5 times lower) 
of river nitrate flux in the dry season (May to November 1996). Then, nitrate flux of 
groundwater remained constant throughout the year. Finally, both nitrate and 
ammonium fluxes of direct rain have enhanced during the dry season. They account 
for the third of the total DIN inputs in this period. This phenomenon may be caused 
by agricultural activities and an increase of tourism. 

AN INVESTIGATION OF PROLONGED COASTLINE DEVELOPMENT 
BY COUPLED LONGSHORE/CROSSHORE MODEL 

U. Bethers (I), J. Sennikovs (1), R. Grzibovskis (1) andG. Eberhards (2) 
(1) Laboratory for Mathematical Modeling of Environmental and Technological 
Processes, (2) Department of Geography and Earth Sciences, University of Latvia 
richardg@com.latnet.lv/Fax: +371-7615711 

Coupled ID crosshore - longshore mathematical model is developed for the 
investigation of the coastline development in the dynamic time scale. The model 
includes the description of following processes (1) transformation of wave field in 
coastal region, (2) nearshore hydrodynamics, (3) bed and suspended load transport, 
(4) littoral drift, (5) beach profile development. The chain of single cross-shore 
models form a model for sand budget of prolonged coastline. 
The forcing of the model is performed by calculation of the wave climate in far sea 
from meteorological observation series. The employment of model in real-time or 
hindcasting mode is performed using observed wind events. Analysis of prolonged 
(20 years) meteorological datasets has allowed to synthesize the critical and typical 
input data.sets for running the model in prognostic mode. 
The above approach is used for about 500 km long, sandy Latvian coastline in the 
eastern part of Baltic Sea. The model results are compared with long-term 
observations of the coastline development. The agreement in determination of 
erosion - accretion areas and evaluation of littoral drift volume is reasonable both 
for coast of Baltic Proper and semi enclosed Gulf of Riga. 

CAUSES AND EFFECTS OF RECENT HYDROLOGICAL CHANGES IN 
GREECE 

Nikolaos Th. Skoulikidis and Ierotheos Zacharias 
National Center for Marine Research - Institute of Inland Waters 
nskoul@p6sidon.ncmr.ariadne-t.gr 

Major Greek riyersiE mean annual runoff show a significant reduction within the last 
two decades.The main causes are the over-exploitation of fresh water resources, 
mainly due to increase of agricultural activities, the droughts that affected the country 
during the late eighties to early nineties and the construction of hydroelectric dams and 
large irrigation reservoirs along the riversiE courses. The resulting negative effects are 
a gradual salinisation of soils, surface and ground waters within the rivers£ 
catchments and especially near the coastal zone, due to sea water intrusion, a dramatic 
reduction in river sediment supply to the sea which cause coastal retreat, threaten 
important deltaic hydrotops and enhance sea water intrusion. A positive effect is the 
reduction of pollutant fluxes. This is not only due to the general surface runoff 
decrease, but also to the sefiltratioruE of pollutants within the reservoirs. In contrast, 
the removal of vegetation cover through fires and extensive cultivation reduces 
infiltration rates and enhance, in a local scale, surface runoff, flood events and erosion 
processes. 
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LOADS OF HEAVY METALS FROM THE SCHELDT ESTUARY 
TO THE NORTH SEA 

P.A.J. Verlaan 
Faculty of Civil Engineering, Delft University of Technology 
p.verlaan@ct.tudelft.nl/fax:+31 15 2785915 

A new method is presented for calculating heavy metal loads which are 
transported from the Scheldt estuary to the North Sea. The load of 
dissolved metals is obtained by multiplying dissolved metal concentrations 
with the river discharge, after correction for dilution with seawater. Metal 
loads of suspended matter are derived from concentrations in fluvial 
suspended matter, the supply of fluvial material, and the sedimentation of 
fluvial material in the mixing zone of river and sea water. Between 1987 
and 1995, suspended loads of Cr, Pb, Cd, Cu and Zn decreased 
approximately fivefold, whereas dissolved loads of Cu and Zn increased 
in this period. At the landward end of the mixing zone, the loads of all 
metals are almost entirely carried by suspended matter. In seaward 
direction the water oxygen content increases, which leads to a 
mobilisation of Cd, Cu and Zn. Consequently, these elements reach the 
North Sea mainly in a dissolved form. 

HSA3 Open session on hydrology and climate 

Convener: O'Kane, J.P. 

Representing soil water with simple models. 

E.Blyth 
Institute of Hydrology, Wallingford, Oxon, OX10 8BB, UK 

Several simple soil water models with four layers or less, typical of those used in 
GCMs, are compared to a complex multilayered model. They are tested by applying a 
repeating wetting/drying cycle at different frequencies, and run to equilibrium. The 
ability of the simple soil models to reproduce the results of the multilayer model vary 
according to the frequency of the forcing cycle, the soil type, the number Of layers and 
the depth of the top layer of the model. The best overall performance was from the 
four layer model. The two layer model with a thin top layer (0.1m) modelled sandy 
soils well while the model with a thick top layer (0.5m) modelled clay soils well. The 
model with just one layer overestimated evaporation during long dry periods for all 
soil types. 

INFLUENCE OF CLIMATIC MODIFICATIONS ON 
GROUNDWATER AND ENVIRONMENT. 

G. Batfak 
Institute of Environmental Geoscience of Russian   Academy 
of Sciences,   Moscow, batrak@geoenv.msk.su/ fax: 7-095-923- 
18-86. 

The modifications, wich are predicted by the climatologists of 
the whole world: global air temperature changes and 
quantitative performances of atmospheric 
precipitation.evaporation and evaporability, will be reflected in 
conditions of a hydroorb as a whole.including groundwater, 
enclosing geological medium and social conditions. The given 
circumstance binds to study and predict these modifications 
carefully. Deglaciation of continental ice, first of all in 
Antarctica, will cause not only flooding of territories, but also 
will cause backwater effect of huge seaside territories, much 
more exceeding the flood areas. So, St.-Petersbürg and 
Arkhangelsk cities will be flooded partly, but the other areas of 
the cities and large part of administrative areas will feel backwater 
effect, that will limit some kinds of economic activity. 

EFFECTS OF POTENTIAL CLIMATE CHANGE ON HYDROLOGIC 
VARIABILITY IN THE ARNO BASIN 

P. Burlando'". G. Grossi"' and R. Rosso"' 
'"hit. of Hydromechanics and Water Resow. Manag., ETH Zurich, CH-8093 Zurich, 
Switzerland, Far. +41-1-6331061, e-mail: burlando@ilm.bawn.ethz.ch 
mDIIAR. Politecnico di Milano, Leonardo da Vinci 32,1-20133 Mtoio. Italy. Far. +39-2- 
23996207, e-mail: gHmi@idra5.iar.polimi.it 

Local precipitation and temperature scenarios downscaled from Global Circulation 
Models (GCMs) predictions through a stochastic approach have been used to assess 
how man-induced fluctuations of climate, temperature and precipitation distribution 
could affect the water balance and the discharge regime of the Arno river (Central 
Italy). Local and basin scenarios reflected the changes predicted by the United 
Kingdom MetOffice high resolution GCMs. Both the equilibrium and the transient 
scenarios from GCMs have been used to investig/Se the hydrologic sensitivity of the 
basin to a range of potential future climates. Changes at the annual and monthly 
scales have been investigated, both in terms of temporal distribution and statistical 
properties. The study also addressed the effects on low flows and floods, so 
highlighting potential impacts which might affect water balance and flood risk. 
Furthermore, basin scale influence has been addressed, by analysing the sensitivity 
of changes to basin size and characteristics. The results show first that trends 
exhibited by rainfall scenarios are sometimes enhanced, sometimes smoothed by 
runoff generation mechanism, due to the effective role of the different processes 
involved in the transformation. In addition, smaller scales show larger increases of 
the distribution tail of monthly runoff, whereas low flows - sometimes higher under 
the modified scenario that under the control climate - exhibit a major sensitivity at 
larger than at smaller scales. 
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MONITORING DROUGHT IN HUNGARY USING THE STAN- 
DARDIZED PRECIPITATION INDEX 

A. Bussay (1), Cs. Szinell (1), M. Hayes (2) and M. Svoboda (2) 
(1) Hungarian Meteorological Service, 1525-Budapest, PO Box 38, (2) National 
Drought Mitigation Center, University of Nebraska, Lincoln, U.S.A. 
szinellCmet.hu/Fax: [36 1] 212 5159 

The Standardized Precipitation Index (SPI) was developed in 1993 by re- 
searchers at Colorado State University in response to their need for a sim- 
ple, flexible drought index to monitor moisture conditions. Since then, the SPI 
has been widely applied at national, regional, and local levels throughout the 
United States. One of the big advantages of the SPI is its multiple time scale 
capability that allows monitoring of different water resources. In 1997, the Hun- 
garian Meteorological Service began a joint agrometeorological project with the 
United States-based National Drought Mitigation Center (NDMC), and one of 
the project's products has been the application of the SPI to fifteen long-term 
sites around Hungary. Recent droughts have had major impacts in Hungary, 
and the objective of this paper is to evaluate the success of the SPI in detect- 
ing and monitoring drought conditions around the country. Time series of the 
SPI at different time scales and locations are examined and compared with the 
Palmer Drought Severity Index (PDSI). Characteristics of Hungarian droughts 
are identified, and recent droughts are put into a historical perspective. These 
analyses demonstrate that the SPI can become a valuable tool for drought early 
warning and monitoring in Hungary. 

EXTREME RAINFALLS IN THE CHANGING CLIMATE: REGIONAL 
ANALYSIS AND HYDROLOGICAL IMPLICATIONS 

A. CrisciO). B. GozziniC), G. MaracchiW, S. PaghW2) and F-Meneguzzod) 
('JF.M.A. - Applied Meteorology Foundation 
Via Einstein 35/B, 50013 Campi Bisenzio (FRENZE) - Italy 
E-mail: gozzini@lamma-rtrt.regione.toscana.it 
(2)Dip.to di Ingegneria Edile, Idraulica e del Territorio - University of Pisa - Italy 

WLaM.M.A. - Laboratory for Meteorology and Environmental Modelling - 
Tuscany Regional Administration - Firenze - Italy 

A comprehensive analysis of the extreme rainfalls in Tuscany, Italy, is carried on 
with several aims. 
Uncertainties related to the estimate of the design storms at several representative 
sites are analysed through the application of the Generalised Extreme Value (GEV) 
distribution. 
Cycles up to the long range dependence are drawn from hysterical series. 
Possible trends in the extremal data are estimated through the application of an 
ARfMA model. 
Hydrological consequences of such observed uncertainties and trends are inferred in 
terms of flood risk and hydraulic works in small-medium size basins. 
A preliminary study concerning the effects of different scenarios of global warming 
on extreme rainfalls at the regional scale was performed. Hydrological implications 
are thus derived as above. 

VALIDATION OF GCM PRECIPITATION OUTPUT USING THE METHOD 
OF FRAGMENTS 

J. Corte-Real, M. C. Bernardino (ICAT, Faculty of Sciences, University of Lisbon, 
1700, Portugal) 

The method of fragments can be used to generate monthly precipitation totals, from 
aggregated annual values, preserving statistical properties as mean values, standard 
deviation, skewness and lag one correlation coefficients, at both aggregation levels. 
This method was used to validate monthly rainfall output from the 2nd Hadley Centre 
Coupled Ocean-Atmosphere General Circulation Model (OAGCM), comparing 
statistical properties of observational time series, of the monthly time series computed 
from the OAGMC, and of time series obtained disaggregating annual OAGCM 
precipitation' values using fragments computed from observational data. In order to 
.perform these comparisons a point in OAGCM grid was chosen together with an 
observation station closely located to the grid point. Statistical properties were 
compared for annual and monthly time series. Results for monthly disaggregation 
show that the method of fragments gives in general results with the same statistical 
quality as those of the OAGCM. 

From GCMs to river flow: A review of downscaling and 
hydrological modelling approaches 

C-YXu 
Hydrology Division/Uppsala University, Villavägen 16, 
75236 Uppsala Sweden 

One of the most significant potential consequences of changes in 
climate may be alterations in regional hydrological cycles and 
subsequent changes in river quantity and quality regimes. There 
exist spatial and temporal scale mismatches between GCMs and 
catchment models, the so-called 'downscaling' techniques have 
been subsequently emerged to bridge the gap. This paper reviews, 
in a hydrological context, the various methods for simulating 
hydrological responses to global climate change. These include (1) 
the direct use of GCM-derived hydrological output, (2) coupling 
GCMs with macroscale hydrologic models for large river basins, 
(3) coupling GCMs with catchment models through downscaling 
techniques, and (4) using hypothetical scenarios as input to 
hydrologic models. Methodologies are reviewed, deficiencies are 
discussed, and additional research needs are identified. 

DOWNSCALING GCM LARGE-SCALE INFORMATION TO REGIONAL 
CLIMATE SCENARIO: A WEATHER GENERATOR BASED ON DAILY 
CIRCULATION PATTERNS 

J. Corte-Real, H. Xu, B. Qian 
(ICAT, Faculty of Sciences, University of Lisbon, Campo Grande, 1700 Lisbon, 
Portugal) e-mail: jcr@fc.ul.pt 

Stochastically downscaling techniques are widely used to obtain regional climate 
scenarios from GCM large-scale information. In this study, a weather generator has 
been developed to generate future climate scenarios of daily precipitation in Portugal, 
based on daily circulation patterns. The whole procedure is described as follows: first, 
daily circulation patterns are classified from observed daily sea level pressure fields 
over North Atlantic and West Europe by K-means clustering algorithm coupled with 
principal component analysis; second, a stochastic model of occurrence of rain based 
on daily circulation patterns is calibrated; third, a probability distribution of rainfall 
amounts on rain days is fitted conditioned on daily circulation patterns; fourth, GCM 
output on daily circulation patterns is validated; finally, stochastic models conditioned 
on daily circulation patterns classified from daily GCM output are used, to obtain 
future daily precipitation scenarios. A first-order Markov chain is applied to simulate 
the occurrence of rain and a two parameter Gamma distribution is employed to 
generate daily rainfall amounts. This weather generator can well simulate the 
occurrence of rain, as well as the properties of rainfall amounts, and even useful 
information on extreme rainfall. 

ANTHROPOGENIC POLLUTION OF RIVER BASINS IN THE 
FORMER SOVIET UNION 
DAVIDSON, Lea D. (Dept. of Geophysics, Tel Aviv University, Ramat Aviv 
69978, Tel Aviv, Israel) 

Sulphate and chloride ions have a high migration capacity and can be registered 
practically in all natural waters. Correct determination of these components 
has an important significance by solving problems of salt-accomplishing, 
selection of perspective water basins as sources of fresh water, etc. For 
estimation of contents of natural and anthropogenic sulphate and chloride 
components in the outflow sections of 220 rivers of the Former Soviet Union 
(FSU) the data of systematic observations in all regions have been used. These 
data have been analyzed and generalized. For instance, according to our 
calculations, sulphate anthropogenic factor consists of about 50% of modern 
pollutions and chloride anthropogenic factor - about 30%. The total outflow 
of sulphates and chlorides in the FSU consists of 104.7 • 109 kg and 87.2 • 109 

kg, respectively. The calculations show that the largest Russian rivers Volga 
..and Lena are characterized by the greatest sulphate and chloride outflows 
reaching (a) Volga: 19.93 • 109 kg (sulphate) and 12.09 ■ 109 kg (chloride); 
(b) Lena: 16.01 • 109 kg (sulphate) and 19.55 • 109 kg (chloride). Atmospheric 
sulphate component of river flow in the FSU is estimated as 24% on the base 
of calculations of annual sulphate atmospheric fallout (with precipitation) over 
large river's basins and hydrographic regions where this value varies from 5% 
to 33%. 
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A NEW PARAMETERIZATION OF SOIL HYDROLOGY IN THE 
LMD GCM. 

Patricia DE ROSNAY (1), Jan POLCHER (1), and Michael BRUEN (2) 
(1) Laboratoire de Meteorologie Dynamique du CNRS, Paris, FRANCE 
(2) Centre for Water Resources Research, Dublin, Ireland. 

It is widely recognized that the land hydrology plays a fundamental role in 
the climate. The atmospheric water cycle is crucial for the redistribution of 
solar energy through evaporation, precipitation and water vapor transport. 
In GCMs, the parameterization of land surface processes is important as it 
determines the lower boundary conditions of the model and the partitioning 
between sensible and latent heat fluxes. The LMD GCM uses the complex 
land surface scheme SECHIBA. In a recent study, we have shown that the too 
simple representation of hydrology in SECHIBA leads to an overestimate of the 
global evapotranspiration due to an insufficient control by the soil hydrology 
on-the evapotranspiration. We describe here a new version of SECHIBA which 
includes eleven soil moisture layers and takes into account the resolution of the 
Richards equation for water diffusion in porous media. It is derived from the 
model of CWRRofDublin. In the GCM, a tile approach is used to represent the 
sub-grid variability of soil characteristics. Such a hydrological model allows, 
through a better representation of the vertical distribution of soil water, an 
improved modeling of evapotranspiration. W» will show the impact of the 
improved, representation of soil hydrology on the partitioning of surface fluxes 
between latent and sensible heat. The climate inter annual variability will be 
also studied as the memory of soil moisture is extended beyond seasonal scales. 

FEATURES OF THE GEOCHEMICAL ANOMALY 
ASSUMED FROM THE CONTENTS OF SOME 

CHEMICAL ELEMENTS IN MEDITERRANEAN SEA 
WATERS NEAR THE NILE RIVER DELTA 

Dudarev O.V.1), Anikiyev V.V.2), Said MA3), Botsul A.I.1), 
Utirin I.V.1), Shumilin Yc.N.4) 

During 1988 and 1990, two Russian-Egyptian expeditions was 
conducted within the avandelta of the Nile River on the boards of 
vessels of Russian Academy of Sciences. Their aims were problems of 
the elucidation of the functional relationship between the spatial 
variability of M, Fe, Mn, Zn, Ni, Co, Pb, Cu, Cd contents in the 
suspended matter from their terrigenous sources and different 
hydrophysical, hydrochemical and hydrobiologkal processes. 

As it was established, the mean contents of chemical elements in 
avandelta waters differ from the corresponding contents in the 
suspended matter of the greatest rivers of the World. So, the specific 
contents of the elements -hydronzates as A, Fe and Mn, were 1.2-1.3 
times less than in the World rivers on the average. For Zn, Ni, Co, Pb, 
Cu and Cd, these values were, in contrast, 2-20 times more, and the 
differences between maximal and minimal specific contents ranged up 
to two orders of magnitude. 

THE KARSTIC AQUIFER OF SOUTH DOBROGEA - 
RESOURCES AND POLLUTION 

A DIMACHE (1>. I. BICA (1) and Ph. OLIVE (2) 
(1) Technical University of Civil Engineering of Bucharest, Romania 
(2) Geodynamics Research Center, Thonon les Bains, France. 

Based on the chemical analyses made on over 20 water samples, the 
paper presents, in its first part, the main characteristics of the 
groundwater of the two main aquifers in the southern part of 
Dobrogea, one of the most important groundwater resource: pH, 
temperature, Ca* Mg2*, Na+, K+, HCOs", SO«1, NO/, etc. The second 
part of the paper exposes a method of calculation in order to determine 
the radiometric ages of the groundwater using analyses based on C . 
The image of the groundwater flow spectrum in the aquifer of a 
Jurassic type was drawn considering these data and relating them with 
the chemical analyses results. The conclusions and suggestions for the 
fiiture research directions which have to be followed to improve the 
knowledge on the two aquifers can be formulated and we expect that 
the necessity to identify the natural discharge areas on the Bulgarian 

territory is a priority. 

EFFECT OF COUPLING BETWEEN A VECETATION CANOPY AND THE ATMOSPHERE 

ON ENERGY AND WATER TRANSFER - RESULTS WITH THE MODEL HIRVAC 

V   Goldberg  (Institute for  Hydrology  and  Meteorology,  IHM-Meteorology 
Technical University of Dresden, Pienner Str.9, D-01737 Tharandt, Germany) 

The vegetation is an important interface between the soil and the atmosphere. 
Height, density and type of vegetation influence water and carbon dioxide cycle as 
well as the energy balance over areas with different scales. Under special conditions 
coupling and feedback mechanisms between the vegetation and the atmosphere 
occur. The coupling degree depends on local conditions of radiation as well as on 
vertical and horizontal extension and texture of the canopy. To study results of 
coupling mechanisms on energy and water transfer between soil, vegetation 
(especially a forest canopy) and atmosphere and consequently the effect on local 
climate the model HIRVAC (High Resolution Vegetaüon Atmosphere Coupler) has 
been developed. HIRVAC is a high resoluted one-dimensional atmospheric 
boundary layer model (120 model layers, about 60 inside the canopy with a 
characteristic forest height of 30 meters) coupled with a single-leaf gas exchange 
model (see presentation from Goldberg and Falge at the Vienna EGS General 
Assembly). The model HIRVAC is able to simulate the response of different 
vegetation types to a continously changing atmospheric environment First results 
of numerical experiments illustrate the strong dependence of interaction between 
coupling mechanisms of energy and water transfer from soil and vegetaüon to the 
atmosphere on atmospheric boundary conditions (radiation input, stratification, 
geostrbphic wind and season) as well as on vegetaüon type (forest, meadow) and 
structure. The improvement of the soil model and the optional use of an additional 
counter-gradient term in the flux relationship lead to a better resemblance of 
numerical and experimental results. The comparison between model and 
experiment also-shows the need for a better radiation modeling within the canopy. 

SENSITIVITY OF THE GLOBAL WATER CYCLE TO SOLL 
WATER-HOLDING CAPACITY 

A. Ducharne (1) K. Laval (2) 
(1) USRA, c/o Code 974, NASA/GSFC, Greenbelt, MD 20771, .USA.^2) Lab- 
oratoire de Meteorologie Dynamique du CNRS, University Paris 6,,Case 99, 4 
place Jussieu, 75251 Paris Cedex 05, France. 

The sensitivity of the hydrological cycle to soil water-holding capacity (WHC) 
is investigated with the LMD-GCM coupled to the land-surface scheme 
SECHIBA. This scheme includes a resistance formulation for evaporative fluxes, 
a one-meter soil, a drainage term and an overflow runoff when soil moisture 
reaches the WHC, which is regarded as an available capacity. In the reference 
simulation SI, the WHC uniformly equals 150 kg.m-2. Two simulations S2 
and S3 are conducted with spatially variable WHC from observational data 
sets: S2 makes use of available WHCs, with a global average slightly smaller 
than in SI; S3 makes use of a total WHC data set, which is not realistic but is 
meant to assess the impact of a large increase of the WHC (its global average 
is more than twice as large as in SI). 
The simulations are run for 9 years after spin-up. On the average over the 
continents, the soil moisture increases from S2 to SI to S3, but the evaporation 
and precipitation rates increase from SI to S2 to S3, with total runoff and 
moisture convergence decreasing from SI to S2 to S3. These interesting results 
are explored through an analysis of the changes in the atmospheric circulation. 

KARST IN AN ACTIVE SALT ROCK DOME. 

J. Guimera, J. Font, J. Carrera, F. Cardona 
Technical University of Catalonia, Barcelona (Spain) 
guimera@etseccpb.upc.es 

Karst in salt-rock displays some distinctive features compared to those more typically 
developed in limestones. High solubility of salt exerts control on morphology and on 
time evolution of land forms. On one side, groundwater reaches NaCl saturation 
easily, which tends to prevent caverns to progress downwards. More often 
underground features take on the form of wide, planar developments with minor 
vertical height Underground collapses close to the surface are frequent. Land forms 
evolve rapidly even under semiarid conditions (P<400 mm) which causes landscape to 
change on a yearly basis with severe implications for urban development. The Cardona 
Salt Dome (Barcelona, Spain) is world wide known due to mining of potash down to 
-1100 m below ground. The dome outcrops and still rises at an average rate of 3-5 
cm/year. Hydrological studies at the outcrop area (2 km2) establish that most of 
groundwater flows relatively close to surface. The interface at the overburden with the 
salt-rock plays a preferential flow path role, which enhances solubility of the salt 
during rain periods. Karst underground morphology has been conjectured and proved 
by direct and indirect methods. Hydrogeochemical modelling shows that brackish 
water originates at fresh water areas, and precipitation of gypsum and calcite is needed 
to maintain equilibrium, which has been observed in cores. The system discharges to 
a river basin, where outflows have been estimated to be 121/s after careful mass 
balances. 
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DIMENSIONALITY OF SCANDINAVIAN RIVER FLOW 
REGIMES 

I. KraSPVSlfflia 0). L. Gottschalk(2), Z. Kundzewicz (3) 
(I) Department of Earth Sciences, Hydrology, University of Uppsala, 
Norbyvagen 18B, S-75236 Uppsala, Sweden (2) Department of 
Geophysics, University of Oslo, P.O.Box 1022 Blindem, S-0315 Oslo, 
Norway, (3) Research Centre of Agricultural and Forest 
Environment.Polish Academy of Sciences, Bakowska 19, PI 60-809 
Posnan, Poland. 
lars.gottschalk@geofysikk.uio.no 

A river flow regime describes an average seasonal behaviour of river flow, 
usually basing on long term monthly mean values. It reflects climatic and 
physiographic conditions in a basin. Seasonal patterns of flow can be 
regular, repeating in principle the same pattern from year to year, or 
irregular, i.e. alternating between a couple of different regime types during 
individual years. Stability of river flow regimes is a characteristic of much 
importance for hydrological regionalisation and for sustainable water 
management. It is also one of the environmental constraints for many 
aquatic and river basin related biological species. By tradition a river flow 
regime has been considered as a static characteristic, which is an 
oversimplification with regard to constantly changing environmental 
conditions. To follow the development of the flow regimes in time a deeper 
insight into the complexity of variations of seasonal flow patterns is 
needed. This paper investigates the dimensional structure of seasonal 
patterns of Scandinavian river flow regimes from two perspectives viz. a 
fractal dimension of a dynamic system and intrinsic dimension of a point 
set of data. 

DIMENSIONALITY OF SCANDINAVIAN RIVER FLOW 
REGIMES 

I, Krasovskaj» (1). L. Oottschalk.(2), Z. Kundzewicz (3) 
(1) Department of Earth Sciences. Hydrology, University of Uppsala, 
Norbyvägen 18B, S-75236 Uppsala, Sweden (2) Department of 
Geophysics, University of Oslo, P.O.Box 1022 Blindem, N-0315 Oslo, 
Norway, (3) Research Centre of Agricultural and Forest 
Environment,Polish Academy of Sciences, Bakowska 19, PI 60-809 
Posnan, Poland. 
lars.gonschalk@geofysikk.uio.no 

A river flow regime describes an average seasonal behaviour of river flow, 
usually basing on long term monthly mean values. It reflects climatic and 
physiographic conditions in a basin. Seasonal patterns of flow can be 
regular, repeating in principle the same pattern from year to year, or 
irregular, i.e. alternating between a couple of different regime types during 
individual years. Stability of river flow regimes is a characteristic of much 
importance for hydrological regionalisation and for sustainable water 
management. It is also one of the environmental constraints for many 
aquatic and river basin related biological species. By tradition a river flow 
regime has been considered as a static characteristic, which is an 
oversimplification with regard to constantly changing environmental 
conditions: To follow the development of the flow regimes in time a deeper 
insight into the complexity of variations of seasonal flow patterns is 
needed. This paper investigates the dimensional structure of seasonal 
patterns of Scandinavian river flow regimes from two perspectives viz. a 
fractal dimension of a dynamic system and intrinsic dimension of a point 

RESOURCE DEVELOPMENT AND MANAGEMENT IN THE 
KARST AQUIFER SYSTEM OF MEDGIDIA AREA, ROMANIA 

V.D. Mocanu (1), I. Bica(2) 

(1) PROED SA, Studies and design Institute for public works, 21, T. Arghezi 
St, 70 132 Bucharest, Romania, (2) Technical University of Civil Engineering 
of Bucharest, Bd. Lacul Tei, no 124,72 302 Bucharest, Romania. 

The paper presents the main results of a long period with the complex studies 
to establish the resource development of one of the very important karst 
aquifer systems of Romania. Only the correct interpretation of the field data 
have lead, finally, at die design and achievement of a well field with the yield 
of 1,000 1/s drinking water. The well field has start its operation since 19S9 
and it was permanently monitored, its management showing some technical 
and economical problems, very important in connection with the behavior of 
the karst aquifer systems. All these data - field measured (quantitative and 
qualitative parameters of the aquifer system) and surely computed data (based 
on the in situ measured parameters) - are presented in the paper! The results 
were used to improve the management of the system in its hole complexity. 
The sources of groundwater pollution are also analyzed, so that the measures 
for groundwater protection can be taken. 

SIMULATION OF CLIMATE CHANGE IMPACTS ON RIVER RUNOFF: 
COUPLING HISTORICAL AND MODELLING APPROACHES 

Yu.G. Motovilov 
-Institute for Applied Ecology, Moscow, Russia 
root@pecos.msk.ru/Fax:+7-095-88-38-291 

An application of a regional distributed hydrological model ECOMAG to study of 
climate change impact on river runoff in the NOPEX experimental area (80x 100 km), 
situated in the southern Sweden, is considered. An analysis of the observed 
meteorological data for 15 years (1981-1995) has shown that the cold and moist years 
dominated in the first half of this period, while relatively warm and dry years have 
been observed mostly during the last years. The observed series were divided in two 
subsets: 1981-88 ("cold" years) and 1989-1995 ("warm" years). The differences in 
temperature between two subsets (an increase in average annual temperature by 1.4oC 
and to 5oC during winter months) are very similar to those, simulated by GCMs for 
warming in the next century due to the expected doubling of C02 concentration. A 
comparison the changes in simulated runoff to the observed ones during the non- 
stationary climatic period is very useful validation of hydrological models used to 
study climate change impact on water resources and that might reduce many 
uncertainties connected with adequacy of the hydrological models. 

ON   SPATIAL AND TEMPORAL VARIABILITY OF SELECTED SOIL 
MOISTURE CHARACTERISTICS 

h Mika, A. Bussay, Z. Dunkel and E. Kalmar (Hungarian Meteorological Service, 
H-1525 Budapest, P. O. Box 38, Hungary) 

Long (1881-1990) series of soil moisture conditions characterised by four estimated 
parameters are investigated. These are (i) the standard Palmer Drought Severity 
Index (PDSI), (ii) its monthly increment (Z-index), (iii) and (iv) two differently 
estimated numerical series of soil moisture content (SMC) of the upper 1.0 m layer, 
all computed from monthly precipitation and air temperature data. Besides the 
derivation and comparison of some basic statistical parameters, two further aspects 
are tackled: First, spatial distribution patterns are determined by using factor analysis 
(FA). FA determines geographical regions with inter-annual anomalies that appear 
similarly within a given region, but differently in the other ones. The results of FA 
are tested with respect to the number of stations and to the time interval, they are 
computed from. Second, time variability is characterised for the representative 
stations of each region, also derived from the FA, namely the (S)ARTMA-structure 
to characterise both intra- and inter-annual variability, and also the long-term trends. 
The latter problem is considered in connection with the global climate variations, 
too. Linear regression of the soil moisture parameters to the hemispherical mean 
temperatures and continent-ocean temperature contrast are computed. Significant 
negative regression coefficients in the warm period of the year project an increase in 
the frequency of droughts, if global wanning continues. 

CHANGES IN WATER BALANCE COMPONENTS UNDER GLOBAL 
WARMING AND CONSEQUENCES FOR CIS AGRICULTURAL AREAS 

I.Natalia V. Penkova, PhD (main author) 
The State Hydrological Institute, St-Petersburg, Russia 
Fax: +7 812 2131028; e-mail:george@tetris.dux.ru 
2.Valentina A.Khaydarova, PhD 
The Institute of Water Problems, Tashkent, Uzbekistan 
Fax:+7 371 1391237 

Under different Global Warming schemes it is possible the increase of annual 
precipitation will be from 30 to 40 % in Eurasian arid regions. Therefor it is necessary 
both to have a long-term forecast of changing water balance components of 
agricultural areas and to assess a great number of consequences of their manifestation 
such as changes of crop yields, water consumption rates and other things. Authors 
present the results of assessing changes expected in water balance components, 
mainly soil moisture content and evapotranspiration of agricultural areas in arid and 
semiarid zones of CIS. 
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DOWNSCALING PRECIPITATION AND POTENTIAL EVAPOTRAN- 
SPIRATION FROM GCM OUTPUT TO DRIVE A HYDROLOGICAL 
SIMULATION MODEL AT CATCHMENT SCALE 

C. Pilling and J.A.A. Jones 
Institute of Geography and Earth Sciences, University of Wales, Aberystwyth 
cgp95@aber.ac.uk/Fax: +44-1970-622659 

General Circulation Models (GCMs) are unable to produce precipitation and 
potential evapotranspiration (PET) scenarios at the spatial and temporal resolutions 

, required to assess the hydrological impact of climate change at the catchment scale. 
To overcome the disparity of scales, statistical relationships were established 
between three indices Of atmospheric circulation (vorticity, flow strength and 
direction of flow) and daily catchment precipitation and PET to downscale from the 
HadCM2 GCM to the Upper Wye experimental catchment in mid-Wales. The 
effectiveness of the approach was assessed by comparing the downscaled variables 
for present (Grid based 1975-1990), •simulated' present (HadCM2SUL 1980-1999) 
and future (HadCM2SUL 2080-2099) conditions with recorded precipitation and 
PET at the Upper Wye catchment. Errors were calculated as the difference between 
the recorded and the downscaled present precipitation and PET. It is suggested that 
the low sensitivity of the atmospheric circulation indices to greenhouse gas forcing 
in HadCM2 subdues the changes in the downscaled variables between 1980-1999 
and 2080-2099. The parameters of a hydrological simulation model (HYSIM) are 
estimated and the model is evaluated against recorded flow data. HYSIM was 
'forced' using the downscaled precipitation and PET scenarios to model the changes 
in hydrology. The source and extent of the uncertainty involved was evaluated by 
comparing the hydrological change between 1980-1999 and 2080-2099 with errors 
arising from the downscaling technique. 

A METHOD FOR DROUGHT MONITORING 

Maria Joäo SANTOS(a) and Antonio GONCALVES HENRIQUESfb) 
Institute for Water, Av. Aim. Gago Coutinho 30,1000 Lisboa, PORTUGAL 
(a)mariaj@inag.pt, (b)agh@inag.pt 

Droughts are natural phenomena that affect eventually the Portuguese territory, 
generating important losses in several social and economical activities. Drought 
prevention includes the development of monitoring methods adapted to the 
characteristics of the regions. A regional drought distribution model enables one to 
determine the area-severity-frequency of the drought event using long-term series of 
annual precipitation data. Based on this model a procedure has been developed to 
monitor regional droughts on a real-time basis. This procedure consists on the 
prediction of the annual precipitation, and thus the prediction of the drought event, 
based on the sequent analysis of cumulative monthly precipitation data at the end of 
each month. The prediction of droughts enables to undertake the measures required to 
mitigate the expected drought effects. 

REFERENCE        EVAPOTRANSPHtATION 
HYDROLOGICAL PURPOSES 

ESTIMATING FOR 

G. Rana and M. Mastrorilli (Istituto Sperimentale Agronomico, via C. Ulpiani, 5, 
70125 Bari, Italy) agrobari@uiterbusiness.it 
N. Katerji (Unite de Bioclirnatologie, 78850 Thiverval-Grignon, France) 

Reference evapotranspiration (ETr, loss of water from grass in best nutrient and 
water conditions) is a key concept in hydrological models at regional scale. Many 
ETr models have been developed in the last few decades, most of these are 
empirical and do not work in any she. The best analytical model is the Penman- 
Monteith one, but in this case a parameter is difficult to evaluate both on a hourly 
and daily scale: the canopy resistance (rc). In fact, actually, it depends on weather, 
and it is influenced by agronomic practices (irrigation, grass cutting) and time scale 
but, for reference grass, usually it is assumed constant or it is modelled only in 
function of leaf surface. In this work we propose a model of rc dependent on 
standard climatic parameter (available energy, air vapour pressure and temperature, 
aerodynamic resistance). It was formulated at hourly scale, but it can be generalized 
at daily scale also. The ETr estimated using this model of rc is compared with direct 
measurements from a weighing fyameter, in a region submitted to semi-arid 
Mediterranean climate (Southern Italy), for a period of two years. The results 
showed a very good performance of the model both on a hourly and daily scale. In 
particular, on a daily scale, the model presents only a very little underestimation 
(about 2%), so that it is accurate enough to be used for hydrological purposes. An 
independent test on this tc model showed that it is valid also under tropical humid 
climate. 

NORMAL EVAPOTRANSPIRATION IN DIFFERENT LAND TYPES: 
AGRICULTURAL FIELDS AND RIVER BASINS 

Nadezhda A.Shumova (Water Problems Institute of the Russian Academy of Sciences, 
10 Novaya Basmannaya St., P.O.Box 231, Moscow, 107078, Russia, E-mail: 
shumova@iwapr.msk.su) 

The comparison have been carried out led us to propose that the normal 
evapotranspiration from the agricultural fields during frost-free period is 
approximately equal to the normal annual evapotranspiration from the catchment 
basins. The normal evapotranspiration from the agricultural fields of the forest-steppe 
and steppe zones of the Former Soviet Union during the frost-free period was 
calculated using standard observational data of agrometeorological stations. The maps 
of the normal annual evapotranspiration from the catchment basins in the same region 
which foundation is water balance method constructed by (I) P.S.Kuzin using 
measured precipitation and (ii) N.N.Dreier using precipitation including correction to 
measured precipitation were used. The results of the comparison are as follows. In the 
first case the evapotranspiration from agricultural fields are somewhat more than the 
water balance data for evapotranspiration from the catchment basins by P.S.Kuzin. 
The reason has to do with underestimating of the winter precipitation being used. The 
water balance data for evapotranspiration from the catchment basins by N.N.Dreier far 
exceed the evapotranspiration from agricultural fields. The reason is that the correction 
to measured precipitation is essentially overestimated. 

THE EFFECTS OF POSSIBLE FUTURE CLIMATE AND LAND USE 
CHANGE ON STREAMFLOW FROM CONTRASTING CATCHMENT 
AREAS IN THE UK AND THE AVAILABLE MANAGEMENT 
OPTIONS TO AMELIORATE THESE EFFECTS 

G. Roberts      (Institute of Hydrology, Wallingford, OX10 8BB, UK. 
E-mail gr@ua.nwl.ac.uk) 

J.A. Hudson    (Institute of Hydrology, Plynlimon, Llanbrynmair, Powys, 
SY19 7DB, Wales, UK. E-mail jah@ua.npn.ac.uk) 

S.B. Crane      (Institute of Hydrology, Plynlimon, Llanbrynmair, Powys, 
SY19 7DB, Wales, UK. E-mail scrane@ua.npn.ac.uk) 

The effects of possible future climate change on streamflow from a number 
of contrasting catchment areas were estimated using a process based 
approach. It was found that, for high rainfall upland areas, streamflow 
would increase, particularly during the winter months. Whilst this is 
generally beneficial for water supply and river regulation reservoirs, there 
is a danger of an increase in downstream flooding. In contrast, streamflow 
from low rainfall lowland areas are predicted to decrease, with the highest 
percentage decreases occurring during the summer months. This has 
obvious implications for agriculture, particularly in those areas where crops 
are irrigated during dry periods. 

Any future climate change will be accompanied by land use change. This 
will also result in changes in streamflow. The implications of these various 
changes on water supply are discussed, and the management options 
available to ameliorate the effects are examined. 

APPLICATION OF THE UP MODELLING SYSTEM TO THE ARKANSAS 
RED RIVER BASIN 

W.T.Sloan. JJEwen, C.G.Kilsby and P.E.O'Connell 
Water Resource Systems Research Laboratory, Univ. of Newcastle upon Tyne.UK 
W.T.Sloan@ncl.ac.uk 

The UP modelling system has been designed to simulate large scale hydrology and 
to interact with climate and weather forecasting models. The modelling approach 
differs from that taken in all the other currently available models designed foe this 
purpose in two respects. First, whereas most other approaches rely heavily on 
calibration against existing hydrological data the UP approach keeps this to a 
minimum and attempts to retain a physical basis so that changes in the physical 
properties and forcing variables are reflected appropriately in the model results. 
Second, it explicitly represents the movement of groundwater in regional aquifers; 
this is a part of the hydrological cycle often neglected in other large scale 
hydrological models but which has the potential to redistribute water, albeit slowly, 
over very large areas. 

The UP system has been applied to the Arkansas-Red river basin which covers 
approximately 570000km2 of central USA, east of the Rocky Mountains. The basin 
is hydrologically diverse and encompasses, inter alia, large regional aquifers, karst 
regions and regions in the high rocky mountains where most of precipitation falls 
as snow. The application serves to highlight the strengths of a physically based 
modelling approach to a complex large river basin. 
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MODELING RUNOFF IN AMAZONIA USING SEA SURFACE 
TEMPERATURE 

Cintia Bertacchi Uvo 
Department of Water Resources Engineering, Lund University, Sweden 

Variations in the pattern of the Atlantic and Pacific sea surface temperature (SST) are 
known to influence the precipitation-runoff processes in Amazonia. Variations in the 
SST patterns are related to climate variability in Amazonia. This study analyses 
different data driven techniques to model runoff in the Amazon Basin using Pacific 
and Atlantic SST one or two seasons in advance as predictor. Models were developed 
using Canonical Correlation Analysis (CCA) and Artificial Neural Network (ANN). 
Results showed that the Pacific SST has a stronger influence on the precipitation- 
runoff processes of the northern Amazonia and Atlantic SST on the southern 
Amazonia. A comparison between the two techniques showed that ANN has better kill 
when compared to the CCA. This result was somewhat expected considering the 
known non-linearity of the processes that drives from the SST to the precipitation and 
from this to runoff. 

DIFFERENCES IN STABLE ISOTOPIC COMPOSITION 
OF GROUNDWATER BETWEEN THE SLOPES 
-A CASE STUDY ON MT. YATSUGATAKE AND MT. 
FUJI, JAPAN- 

M.Yasuhara. A.Marui and K.Kazahaya 
Hydrology Research Group, Geological Survey of Japan, Tsukuba 
masaya@gsj.go.jp/Fax:+81-298-54-3533 

Mt. Yatsugatake and Mt. Fuji, 2899 m and 3776 m high respectively, 
are dormant volcanoes in central Japan. For Mt. Yatsugatake, 
groundwaters on the west slope, which is on the leeward side of the 
mountain, are more isotopically depleted in 8D by about 10%c than 
those of comparable elevations on the east slope. A similar situation 
exists for Mt. Fuji, for which groundwaters on the north slope 
(leeward side) are more isotopically depleted in 8D by >10%o than 
those of the other slopes (windward side). Differences in SD of 
groundwaters between the slopes on each of Mt. Yatsugatake and Mt. 
Fuji can be attributed to different processes for the respective 
volcanoes. For Mt. Yatsugatake, less evaporation on the leeward west 
slope results in isotopically depleted groundwaters on the leeward 
west slope. In contrast, isotopically depleted precipitation on the 
leeward north slope of Mt. Fuji, which is caused by the rain- 
shadowing effect of the mountain, is most responsible for isotopically 
depleted groundwaters on the same slope. 

PRECIPITATION FORECASTING FOR DIFFERENT TIME 
SCALES. 

J.M.C. van Mierlo and A. Bärdossy 
Institut für Wasserbau, Universität Stuttgart 
mierIo@iws.uni-stuttgart.de / Fax: +49-711-685-4746 

Precipitation forecasting is necessary for different watermanagement pur- 
poses. Short term forecasting is necessary for flood protection. It is mostly 
based on measurements and meteorological models. Seasonal forecasting 
can be used for reservoir operation and to a certain extent for flood preven- 
tion. This cannot be done with meteorological models only. Thus other 
variables like North Atlantic Oscillation Index and Sea Surface Temperature 
anomalies are used. There is a dependence between these variables and 
monthly precipitation amounts and extreme daily precipitation. Due the 
timeshift of a few months this relationship can be used for seasonal fore- 
casting. This is shown on exemples in different catchments (Ruhr, Aller). 
For design purposes longterm "forecasts" (10-100 years) are required. Here 
assumptions on stationarity of precipitation or a changing climate have to be 
taken in consideration. In case of climate change GCM forecasts are re- 
quired and have to be downscaled. This problem is also discussed and a case 
study on the Aller catchment is presented. 

HSA4 Open session on hydrology and weather 

Convener: Burlando, P. 

CHARACTERISTIC OF HIGH WATER AND DROUGHTY PERIODS IN THE 
CARPATHIAN REGION INDUCED BY VARIABILITIES IN THE LARGE 
SCALE CIRCULATION 

Mary-Jeanne Adler , Aristita Busuioc, Monica Cosovanu (National Institute of 
Meteorology and Hydrology, Sos. Bucuresti-Ploiesti 97, 71552 Bucuresti, Romania, 
adler@meteo.inmh.ro) 

In this paper the alternance of the high water and draughty periods is analysed in the 
Carpathian Region, in connection with the precipitation characteristics induced by the 
large scale circulation. As a general characteristic for all the rivers in Carpathian 
Region, 1931-1941,1964/1965-1981 are rainy periods and 1941-1951,1981-1995 are 
draughty periods. The starting'point of each period of specific phenomenon could vary 
with one or two years, depending of the inertia of the hydrographic basin at the 
precipitation amounts. The co'rresponding downward/upward change points which 
mark the series (or sub-series) of data show that the high water are installed with 
1964/1965 for the intra-Carpathian stations and in the region of the curve of the 
Romanian Carpathian Mountains. In the eastern part, 1968 was revealed. 1981 
appeared as a downward change point for almost the entire area for the annual mean 
series of discharges. It can be noticed that from the point of view of the evolution in 
time, the frequency of the draughty years has increased almost continuously at the 
South of the Carpathian Mountains, fact what could show an aridisation trend for the 
area. The winter season discharges show a decreasing tendency for almost the entire 
area, an exception beeing the Moldavian Region. In summer season an increasing 
tendency is revealed. The CCA analysis illustrate that these systematic changes 
induced in flow by precipitation are connected mainly with changes of south-westerly 
circulation which brings moist Mediterannean air in the Carpathians Region and with 
the frequency (or intensity) of the north-westerly circulation. 
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Disaggregation of highly seasonal monthly rainfall by simulating an- 
nealling 

Andräs Bärdossy, Institute für Wasserbau, Universität Stuttgart, D-70569, 
Germany) 
Lelys Guenni, (CESMa y Departamento de C'omputo Cientifico y Estadistica, 
Universidad Simon Bolivar, APDO 89.000, Caracas 1080-A, Venezuela) 

The need for high resolution rainfall data at temporal scales varying from daily 
to hourly or even minutes is a very important problem in hydrology. For many 
locations of the world, rainfall data quality is very poor and reliable measure- 
ments are only available at a coarse time resolution such as monthly. The 
purpose of this work is to apply a mixed method for the disaggregation of 
monthly precipitation to daily. The method consists of three steps: 1. As- 
sessment of the number of wet days as a random variable conditional to the 
monthly amount based on the Polya distribution 2. Division of the monthly 
sum among the wet days using Aitchinson's relative amount distribution. 3. 
Restructuring of the series according time series properties (autocorrelation 
function, scaling, wet-dry duration distributions using a Monte Carlo Markov 
Chain based algorithm. The method was applied to a data set from a rain- 
fall network of the central plains of Venezuela. The application requires the 
regionalization of the daily rainfall charachteristics. A detailed analysis was 
carried out to study the seasonal ad spatial variability of many properties of 
the daily rainfall as scaling properties, duration of wet and dry periods and au- 
tocorrelation function in order to incorporate the selected properties and their 
annual cycle into the objective function. Comparisons between the observed 
and simulated data suggest the adequacy of the technique in providing rainfall 
sequences with consistent statistical properties at a daily time scale given the 
mpnthly totals. 

HYDROLOGIC ASSESSMENT OF REAL-TIME BUS ADJUSTMENT 
PROCEDURES IN RADAR-RAINFALL ESTIMATION 

M. Borga (11. E. N. Anagnostou (2) 
(1) University of Padova, AGRIPOLIS, via Romea, 35020 Legnaro, Italy 
(2) NASA, Goddard Space Flight Center, Greenbelt, MD 20771, USA 

Radar rainfall measurements over mountainous terrain are associated with mean-field and 
range-dependent biases. A set of procedures devoted to the real-time correction of these 
errors is proposed here. Range-related biases are corrected by converting radar 
reflectivity measurements at a given altitude into their equivalent surface values, using real- 
time identification of the mean vertical reflectivity profile. Mean-field bias is adjusted 
using a multiplicative factor which is statistically determined based on real-time radar- 
raingage comparisons. The impact of the above errors and the improvements obtained 
using the correction procedures is assessed in the context of runoff forecasting of several 
flood-inducing storms in a mountainous region in northern Italy. The investigation uses 
data from the Monte Grande C-band radar (Italy) and from a dense raingage network. The 
study area covers two catchments, Posina (116 km2) and Alpone (77 km2), which are 
located approximately 60 km and 40 km from the radar site. The hydrologic models 
employed are the TOPMODEL and the Probability Distributed Model. Radar rainfall 
estimates (before and after correction), as well as raingage rainfall accumulations, are 
input into the rainfall-runoff models for flood simulation. Comparisons between simulated 
and observed hydrographs from several storm events are used to evaluate the proposed 
error correction procedures, and to demonstrate the value of distributed rainfall 
information in hydrologic forecasting. 

PERFORMANCE OF THE SWISS MODEL: COMPAR- 
ISONS WITH OBSERVATIONS AT THE HYDROLOG- 
ICAL STATION OF RIETHOLZBACH 

J.-M. Beroud 
Swiss Meteorological Institute, Zürich. 
E-mail: ber@sma.ch, Fax: +41 256 92 78 

The correct treatment of surface fluxes is essential in numerical weather pre- 
diction (NWP), making it necessary to model soil-atmosphere processes accu- 
rately. Particularly the soil moisture plays an important role in the prediction 
of surface fluxes as well as screen level parameters (temperature and relative 
humidity). Given only sparse soil moisture observations, it is a challenge to 
verity the soil moisture in models. 

In this paper the performance of the land-surface scheme of the Swiss Model, 
the operational meso-/?-scale NWP model of SMI, has been evaluated at one 
grid point with in situ measurements provided by the hydrological station of 
Rietholzbach, Switzerland. Parameters such as evapotranspiration, soil mois- 
ture as well as temperature and relative humidity have been compared with 
the output given by the SM for the summer periods of 95 and 96. 

RAINFALL GENERATOR FOR THE RHINE BASIN: MULTI-SITE 
GENERATION OF WEATHER VARIABLES BY NEAREST- 
NEIGHBOUR RESAMPLING 

Theo Brandsma and T. Adri Buishand, Royal Netherlands Meteorological 
Institute, PO Box 201, 3730 AE De Bilt, the Netherlands 
email: brandsma@knmi.nl) 

A multi-site rainfall generator is being developed using a nonparametric 
nearest-neigbour resampling technique for time series of daily rainfall in the 
German part of the Rhine basin. The request for this rainfall generator came 
from the Institute for Inland Water Management and Waste Water Treatment 
R1ZA.- It arose from the need to get better insight into the likelihood of ex- 
treme river discharges in the Netherlands. In the nearest-neighbour method, 
precipitation for a new day is sampled with replacement from analogues in 
the historic record. Different sets of weather variables and circulation indices 
are compared for the selection of these analogues. The emphasis in this com- 
parison is on the reproduction of the autocorrelation structure and the distri- 
bution of multi-day maximum precipitation amounts. Snow accumulation 
and melt are also discussed. Although resampling is done for present-day 
conditions, it can easily be adapted for climate change applications. 

COMBINED USE OF REMOTELY SENSED DATA AND 
GROUND OBSERVATION FOR THE ESTIMATON OF SOIL 
MOISTURE CONDITIONS 

G. Boni, P. Gollo, C. Versace and F. Siccardi 
CIMA - Environmental Monitoring Research Centre, University of Genova, 

Italy. 
boniecima.unige.it/Fax: [39] 19-862612 

One of the most important parameters that influences the rainfall-runoff pro- 
cess is the watershed saturation condition. When real time flash flood prediction 
is of concern, simple procedures for the estimation of soil moisture conditions, 
exploitable in an operational framework, are needed. This work presents an at- 
tempt to estimate the soil moisture conditions, for the initialisation of rainfall- 
runoff models for flood prediction, based on the combination of weather data 
recorded by ground stations (raingauge networks) and near IR images provided 
bv geosyncronous satellites (Meteosat). IR cloud temperature surveyed by the 
Meteosat sensor is used in order to define rainy clouds. Precipitation data pro- 
vided by real time ground observation are processed in order to obtain 24-48 hrs 
antecedent cumulated point rainfall depths. These values are then interpolated 
over a spatial domain where rainy clouds were present during the same interval. 
Spatially interpolated rainfall depth is then used for antecedent soil moisture 
evaluation within a rainfall-runoff model. The method can be applied, for its 
robustness and fastness, within a real time procedure for flash flood prediction. 

RELATION BETWEEN THE RAINWATER CHEMICAL AND 
ISOTOPIC CONTENT AND THE METEOROLOGICAL 
PARAMETERS IN THE WESTERN MEDITERRANEAN REGION 

H, Celle 
Laboratoire d'hydrogeologie, University d'Avignon 
helene.ceUe@univ-avignon.fr / Fax : 33 4 90 14 44 89 

Stable environmental isotopes, abundance of major ions and chemical composition 
of atmospheric deposition have been observed on the western part of the 
Mediterranean basin. Using a network including 25 stations located in the seaside 
countries (18 managed by International Atomic Energy Agency, 7 by University of 
Avignon), spatial and seasonal variations of the Mediterranean precipitations can 
be related to the air masses' back trajectories and the meteorological parameters. 
The use of the rainwater isotopic content database provided by the IAEA European 
network underline the seasonal variations of deuterium excess (d). The average of d 
in the study area allows to discriminate the winter (d = 13.27%o) and the summer 
(d = 3.56%°) precipitations as well as the location and the climatic conditions of all 
the meteorological stations: Porto (41.08N - 8.36W) with oceanic influence 
(d = 9.38Xo), Barcelone (41.38N - 2.12E) with Mediterranean influence 
(d = 11.07 Xo). These preliminary results in association with water chemistry and 
aerosols contents investigation show the importance of the local meteorological 
conditions and especially the mixing between Atlantic and Mediterranean 
influences, in the determination of rainfall isotopic and chemical composition. 
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VERIFICATION OF MODEL-PREDICTED MESOSCALE RAINFALL 
PATTERNS IN AN ALPINE AREA 

T. Haiden 
Central Institute for Meteorology and Geophysics, Vienna, Austria 
E-mail: thomas.haiden@zamg.ac.at 

Alpine rainfall patterns typically exhibit a strong precipitation gradient across the main 
divide due to upslope enhancement and lee drying. Superimposed are smaller scale 
structures caused by local topographic effects like channeling and blocking and by the 
release of convective energy triggered by these effects. Quantitative precipi-tation 
forecasts in the Alpine area require prediction of the varying strength and po-sition of 
the main cross-divide gradient and the changing location of individual ma-xima and 
minima within the upslope precipitation belt An operational limited area model 
(ALADIN) and a semi-analytical orographic precipitation model (OPM) are used to 
study the skill of short-range forecasts of these features with regard to hy-drological 
applications. Model results are compared with observations from a dense operational 
raingauge network. While both models generally underestimate the me-so-a 
along-range variation in rainfall intensity, the upslope/leeside contrast and the position 
of maximum rainfall is satisfactorily reproduced, particularly during heavy rainfall 
events. Upstream sounding data is used to investigate how the properties of the 
oncoming flow affect rainfall predictability. 

PRELIMINARY OPERATIONAL SATELLITE RAINFALL 
ESTIMATES IN THE MEDITERRANEAN COUNTRIES AND 
HYDROLOGICAL CONSEQUENCES 

EMenerazzoW. G.A. VicenteC2), S. Pagliara(3), B. GozziniW, L. Bottai W and 
M. PieriW 

(')F.M.A. - Applied Meteorology Foundation 
Via Einstein 35/B, 50013 Campi Bisenzio (FIRENZE) - Italy 
E-mail: meneguzzo@lamma-rtrtregione.toscana.it 

(2) NOAA/NESDIS Office of Research and Applications, Washington, DC, USA 
(3) Dip.to di Ingegneria Edile, Idraulica e del Territorio - University of Pisa - Italy 
<4)La.M.M.A. - Laboratory for Meteorology and Environmental Modelling - 
Tuscany Regional Administration - Firenze - Italy 

An automated Meteosat satellite rainfall estimation technique that computes real 
time rainfall rates for flash floods watches and warning and heavy precipitation 
events (Vicente, 1997), is being applied for the Mediterranean countries and 
verifications against ground based rainfall data in Italy and SSM/I satellite rainfall 
observations are planned. 
The estimates will be produced every half hour with a resolution of about 5 by 5Km. 
The METEOSAT longwave infrared (IR) channel is the primary data source, since it 
provides high temporal and spatial IR cloud top temperatures that allows the study 
of the temporal and spatial evolution of the cloud systems. 

ROLE OF CLIMATIC INDEX IN GEOMORPHOCLIMATIC DERIVATION 
OF FLOOD FREQUENCY 

V. Iacobellis. P.Claps, M.Fiorentino 
(Dept. Ingegneria e Fisica dell'Ambiente, Universita della Basilicata, 
claps@unibas.it, Via della Tecnica 3,1-85100, Potenza, Italy) 

The climatic index and the SCS Curve Number method were used in the context of a 
procedure for the geomprphoclimatic derivation of frequency distribution of floods. 
The study was carried out for 8 catchments in Basilicata (southern Italy) with areas 
ranging between 42 and over 1600 Km2 and heterogeneous climatic features. For 
these basins land use and geological data were obtained from a GIS. CN was 
calculated as a spatial weighted average value. For each catchment we selected a 
mean value and a range of CN obtained for different values of antecedent moisture 
conditions. Two significant behaviors resulted in the distribution on the CN values in 
the region. On one hand, CN was found consistently related to the distribution of the 
average number A of independent events for floods, resulting from an earlier 
regional analysis carried out in the same region. Since A shows in the region a clear 
dependence on the degree of aridity or wetness of the basins, a formal climatic index 
was determined for each basin. 
Both A and CN showed significant correlation with the climatic index. 
This relation is of notable interest when a physically based method for derivation of 
the flood frequency curve is used (Bacchi et a!., 1992). Accounting for the average 
climatic configuration of basins allowed correct estimation of the mean and of the 
variance of annual maximum series of floods. 

Utilizing rainfall models in an orographiqally complex territory such as 
Veneto Region. 

M. Monai M.Pavin 

Veneto Region 
Experimental Centre for Hydrology and Meteorology 

Via Marconi. IS - 35037 Teolo (PD) 
e-mail: meteo@cslm.campi'ello.lt 

One of the most important questions concerning the application of rainfall 
fields given by weather models to the reality of the territory, also in relation 
to  hydrologic   forecast,   is  the   influence  of the  mountains   in   areas 
characterized by a complex orography, such as Veneto Region. 
In fact, the most of the models give large scale rainfall fields, which do not 
take into account the influence of orography, or take it into account in an 
approximately way. 
In this work the effects of the orography of Veneto region are studied, 
through comparison between rainfall fields given by large scale models and 
data acquired by ground stations, in diffuse rainfall situations and in relation 
with some typical synoptic configurations. 
The final goal is, considering the actual synoptic situation, to extrapolate 
rainfall forecast at a sub-regional scale from the large scale rainfall model, 
especially over mountainous zones which as known play a determining role 
in hydrologic forecast. 

INFLUENCE OF MEASURING ERRORS DUE TO UNCALTBRATED 
RAINGAUGES ON FLOOD ANALYSIS AND PREDICTION 

P. La Barbira, L G. Lanza, L Stafi (Hydraulic Institute, University of Genom, 
1 Montallegro, 16145 Genova, Italy) 
F. Lombardei (National Hydrographie Service of Italy, Genova) 

After a wide surveys of operational raingauges was performed, both in meteo 
stations and in laboratory testing, on some 60 instruments in the Liguria region of 
Italy, the need of periodic checking using dynamic calibration was recently 
demonstrated (Lombardo and Stagi, 1997). Fourty of the raingauges analysed are 
currently used by the National Hydrographie Service in Genova, while the others are 
from private enterprises or different organizations. In the absence of official 
calibration curves the analysis of reliability of the device was checked at the meteo 
stations in the field, observing errors which range between 10-30% in the case of 
heavy rain rates. After cleaning in laboratory the typical error of this homogeneous 
class of raingauges lies around 10-15%. Rainfall variability during storms produces 
larger errors with increasing rainfall rates within suitable integration intervals. The 
effect of the error variability on any conceptual approach to the modeling of rainfall- 
runoff processes is hard to be predicted due to the non-linearities involved. In this 
paper a simple model is used to test the influence of rainfall measurements obtained 
from uncalibrated raingauges on flood analysis and prediction, using the actual 
calibration curves for correction of the measured values. 

STORM STRUCTURE VARIABILITY IN HISTORICAL RAIN- 
FALL RECORDS OBSERVED IN ITALY 

A. Montanari 
DISTART, University of Bologna, Via del Risorgimento 2, 1-40136 Bologna, 
Italy. 

Some long daily rainfall series observed in Italy are analysed in order to detect 
the variability along time of the storm structure. Accordingly, the available rain- 
fall records, which are at least 80 years long, have been split in non-overlapping 
blocks, each one collecting 10 years of data. Then, a Neyman-Scott Rectangu- 
lar Pulses rainfall model has been fitted on each block. The Neyman-Scott 
model applied, which has monthly parameters, is characterised by two types of 
rain cells, a convective one and a stratiform one. Parameters fitting has been 
carried out minimising the squared differences between some statistical prop- 
erties of the model and the corresponding statistics computed on the historical 
record. The minimisation has been obtained applying the simplex algorithm. 
The analysis of the time variability of both the model parameters and some 
basic statistics of the daily data, such as the mean the variance and the pro- 
portion of dry periods, allows to assess the variability along time of the storm 
behaviour. 
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IMPACT OF GLOBAL CLIMATE CHANGE ON ELEVATION ZONE 
PRECIPITATION STATISTICS 

Dionvsia Panaeoulia (1) and George Dimou (2) 
(1) National University of Athens, Faculty of Civil Engineering, 
Department of Water Resources, 5, Iroon Polytechniou, 1S7 80 Athens, 
Greece. E-mail: dpanag@central.ntua.gr/Fax: +301-7722853 
(2) 7, Voutyra, 166 73 Voula, Athens, Greece. 

A stochastic approach is developed to estimate the effect of global 
climate change on daily precipitation statistics over three catchment 
elevation zones (upper, middle, lower). The probability of daily 
precipitation occurrence and distribution of wet and dry period duration 
as well as the mean and standard deviation of daily nonzero 
precipitation are analyzed. The approach is based on the analysis of daily 
atmospheric circulation patterns (CPs) and the linkage between types of 
CPs and daily precipitation. Three CP data sets are used for the 500 hPa 
pressure field : 40-year historical, 10-year lxC02, and 2xC02 scenarios 
obtained from the general circulation model of Max Blanck Institute. 
Nine CP types for the winter and summer half years are obtained to 
characterize large-scale climatic forcing in Mesochora catchment in 
Central Greece. Under the continental climate of Mesochora 
mountainous catchment the effect of 2xC02 scenario on elevation zone 
precipitation regime is variable and significant: the probability of daily 
precipitation slightly increases , while significant changes are detected in 
the distributions of wet and dry period durations. Both the mean and 
variance of daily precipitation decrease significantly during the summer 
season 

NOTE ON HEAVY PRECIPITATION 

H. Schindler 
Institute of Meteorology and Geophysics, University of Vienna 
a9205884®unet.univie.ac.at, Fax: +43-1-31336-775 

The study of heavy precipitation has long been a subject of particular in- 
terest to both meteorologists and hydrologists. The problem is complicated 
by the fact that precipitation may have many forms and causes. Nonetheless, 
a number of attempts to describe the various types of precipitation by means 
of a single, simple equation have been made in the past. In the early 1950's, 
for instance, Fletcher found a widely accepted empirical equation, based on 
data from around the world, which shows the relationship between the dura- 
tion of an event causing extreme amounts of rainfall and the upper limit of 
the resulting depth of the precipitation itself. In order to confirm and better 
understand this formula, Kahlig examined Fletcher's result by means of di- 
mensional analysis. This method seems to be highly suited for the problem at 
hand, since a satisfactory result can be obtained relatively easily if the choice 
of parameters required for the equation is correct. It appears, however, that 
Kahlig's approach might only apply to part of the problem, namely precipi- 
tation caused by convection. In this study, an alternate approach, also using 
dimensional analysis, is presented, in which the transport of water vapor is 
examined. Although the parameters used herein are different from those sug- 
gested by Kahlig, the validity of Fletcher's equation can again be confirmed. 

SPACE-TIME MODELLING OF RAINFALL IN FINE INTERVALS: THE 
"STRING OF BEADS" MODEL 

Geoffrey Pegram and Antony Clothier, Civil Engineering Department, University of 
Natal, Durban, 4041, South Africa, fax: + 27 + 31 + 2601411; 
e-mail: pegram@eng.und.ac.za 

A scheme is proposed for modelling and simulating sequences of rainfall intensities 
(or depths) over an area covered by a radar (typically 200 km in diameter) to a 
resolution of 1 km square, in small time intervals. The model has two components: a 
univariate generalized point process model which alternates dry with wet periods and 
a space-time model which describes the evolution of the wet periods in time and space. 
The marginal distribution of the rainfall amounts on each CAPPI (Constant Altitude 
Plan Position Indicator) is modelled by a censored lognormal distribution. The 
univariate point process model is similar to a shot-noise model. Once initiated, the 
rainfall events (storms) themselves are modelled in space-time using transformed 
filtered white noise mimicking the statistics of observed storms. The 3-dimensional 
(space-time) development of a storm follows once the duration and type of storm is 
defined by the point process sub-model:- white noise is generated in each cell of a 3- 
dimensional box with two space dimensions and one time dimension; - the box of 
white noise is Fourier transformed, power-law filtered in frequency space (assuming 
appropriate scaling in all dimensions) and reverse transformed to space-time - the 
correlated noise is then exponentiated and scaled to the desired average rainfall depth 
and thresholded at lmm/hr to give the correct proportion of dry patches on each of the 
sequence of CAPPIs in a storm event - the model is designed to drift the "storm" over 
the area at a chosen velocity, by moving the successive frames by the right number of 
pixels in any direction. The result "looks" like rainfall and has the right statistics. 

EXTREME RAINFALL AND DIMENSIONAL ANALYSIS 

K.Stadlbacher 
Institute of Meteorology and Geophysics, University of Vienna 
a8801030@unet.univie.ac.at, Fax: +43-1-31336-775 

Dimensional analysis has long been used to explain complex problems in the 
fields of Physics and Meteorology. One area where this technique can be applied 
is in examining empirical or semi-empirical physical relations. One problem 
which has thus far not been completely explained is the connection between 
the depth of extreme rainfall and its duration. Fletcher was able to find an 
empirical equation describing this relationship almost fifty years ago. This for- 
mula has been widely used by scientists in hydrometeorology. Recently, Kahlig 
investigated the problem of extreme rainfall using dimensional analysis, and 
his results appear to confirm Fletcher's formula in a highly convincing way, 
assuming that the parameters suggested by Kahlig are valid. In this paper, the 
problem is examined in greater detail, again by means of dimensional analysis. 
Specifically, both convective and non-convective cases are examined. Whereas 
Kahlig's results, focusing on the role of a turbulent diffusion coefficent, seem 
to consider only the convective case, the role of the water vapor in the air 
above a surface is now considered. The results, combined with those of Kahlig, 
seem to show that Fletcher's equation can be applied to both convective and 
non-convective precipitation. 

AN IMPROVEMENT OF WEATHER RADAR ESTIMATION OF RAIN 
CLASSIFYING RADAR RAINFALL ESTIMATIONS INTO CONVECTIVE 
AND STRATIFORM 

Rafael Sanchez-Diezma (1). Isztar Zawadzki (2), Daniel Sempere Torres (1) 

(1) Dept. d'Enginyeria Hidraulica, Maritima i Ambiental, Universität Politecnica de 
Catalunya, (2) J.S. Marshall Radar Observatory, McGill University. 
rafael@ehma.upc.es/Fax: +34 3 401 73 57 

Weather radar estimates the rain intensity (R) indirectly through measurements of 
reflectivity (Z) of an elevated volume aloft from the ground. This estimate is afected 
by a well known number of source of errors. One of them is the variability in the 
drop size distribution that implies different parameters in the Z-R relationships. A 
usefull prior classification might be the distinction between convective and 
stratiform Z-R relationships. This distinction is based on the fact that vertical 
motions and microphysica! growth mechanisms of the precipitation are very 
different in the clouds that generate each type of rain. In this way, stratification of 
radar echoes from rain into convective and stratiform regions could lead to an 
improvement of radar rainfall estimations. The present study evaluates classification 
techniques designed for this purpouse. Data sets from Montreal and Barcelona that 
include the two types of precipitation were used. The classification criterea were 
centered into two aspects: a) the identification of the bright band, a clear signature 
of the stratiform precipitation related to the melting near the 0° C level, using the 
vertical structure of the radar echoes and b) the identification of the convective areas 
using the horizontal structure of the radar echoes. 

Non-linear statistical modeling of runoff using MARS 

I. F. TRIGO*. C. DACAMARA, J. M. CORTE-REAL (Department of Physics, 
University of Lisbon, "Climatic Research Unit, University of East Anglia) 

The forecasting of runoff is essential for an efficient management of hydrologic 
projects. With this purpose, a statistical model was developed to estimate daily flow 
at Aguieira dam (Portugal) from daily precipitation, measured at Coimbra (about 30 
km west). The data cover the months November to March, from 1984 to 1994. 
November was chosen for the beginning of each annual period to allow the settling 
of the autumn-winter precipitation regime and the quasi-saturation of the soil. 
A regression function for each one of the November-March periods is developed 
applying MARS technique, using as predictand the difference between consecutive 
runoff values and as predictors daily rainfall values relative to the precedent five 
days. Ten models are then obtained, and each one is validated using the remaining 
nine annual periods as independent data. Finally, a forecast value for runoff is 
proposed, based on the average of the regression functions' results that were 
obtained for calibration periods with normal-to-high precipitation. 
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A STOCHASTIC MODEL OF RAINFALL AT THE RAINDROP 
SCALE 

Remko Uijlenhoet and Jean-Dominique Creutin 
LTHE, Grenoble, France 

Rain rate fluctuations observed with different 
types of ground-based instruments 
(spectrometers, disdrometers and rain gages) 
reflect not only the intrinsic properties of the 
rainfall process itself, but those of the 
instruments as well. In order to study the 
relative influence of the spatial and temporal 
resolution of the various measurement devices on 
the observed rain rate variability, we have 
developed a simple model for the raindrop 
arrival rate based on stochastic point 
processes. The interesting property of this 
doubly stochastic Poisson process model is that 
it considers individual raindrops. We will 
present both analytical and simulation results 
of the modeled fluctuation properties associated 
with the mentioned instruments. Moreover, a 
comparison of model results with actual rainfall 
observations from an optical spectrometer will 
be presented. 

NH2 Meteorological    and    hydrological    hazards 
(co-sponsored by HS) 

01 Uncertainty assessment in meteo-hydrologic 
warning 

Convener: Todini, E. 
Co-Convener: Castelli, F. 

UNCERTAINTY PROPAGATION IN RAINFALL-RUNOFF 
MODELS 

L.Garrote(" and J.C.Mosquera(" 
(1) Universidad Politecnica de Madrid, ETS Ing. Caminos, 28040 Madrid Spain 
email si01@dumbo.caminos.ump.es 

A numerical procedure to propagate rainfall and parameter uncertainty 
through rainfall runoff models is presented. The method takes a 
numerical sample of the rainfall input PDF and model parameters PDF 
and governs the downstream uncertainty propagation through a 
network of model components. Each model component receives 
multiple input and generates multiple output through a combination of 
rainfall and parameter alternatives. Hydrograph combination is 
performed at connecting elements, where the number of alternatives is 
reduced to a manageable size. Three selective criteria may be applied 
to prevent the combinatorial explosion as the information flows 
downstream: synthesis, similarity and relevance. A numerical 
experiment to test the validity of the proposed model is presented. 

COMBINING LIMITED AREA MODELS QUANTITATIVE 
PRECIPITATION FORECASTS WITH GROUND MEASUREMENTS 

PBonginannini Orlini 0. Melchiorte, S. Tibaldi and E. Todini, (Dept. of Earth 
and Geo-Environmental Sciences, University of Bologna, Via Zamboni 67, I- 
40127 Bologna, Italy) 

During flood events decision makers must take decisions under the uncertainty of 
future events. It is therefore necessary to provide not only a forecast, but also an 
estimate of the probability distribution of forecasted discharges. Given the non- 
linearity of the rainfall-runoff processes, this is generally done by generating 
future realisations with stochastic models of precipitation and by transforming 
these precipitation traces into runoff with the appropriate hydrological models. 
In general the stochastic generation of future rainfall tends to depict i very 
uncertain future with a standard deviation of the distribution which rapidly 
increases with the lead time. 
Recently, meteorological Limited Area Models (LAMs) are being extensively 
used to produce quantitative precipitation forecasts (QPFs). Unfortunately at 
present, LAMs still provide QPFs with a large degree of uncertainty, although this 
uncertainty does not depend on the forecasting lead time. 
The first step of this work was to assess the quality of the LAMBO (a LAM 
operationally used in Emilia Romagna):.the forecasts were compared to the values 
measured using a dense raingauge network on the Reno river and biases as well as 
error variances were derived. 
Successively, after generating a set of future precipitation traces by means of a 
stochastic nearest neighbour approach, the deterministic LAM forecast was used 
as a biased and uncertain measure of the future rainfall occurrences, within the 
frame of a Kaiman filter scheme, to correct the a priori generated series. 
The results, which show interesting properties in terms of bias reduction as well as 
in the reduction of the uncertainty, may be operationally used to provide the 
required discharge forecasts together with an estimate of their distribution. 

A STATISTICAL METHOD FOR DESCRIBING UNCERTAINTY IN FLOOD 
FORECASTS FROM A HYDROLOGICAL RAINFALL-RUNOFF MODEL 
BASED ON METEOROLOGICAL FORECASTS 

0yvind Langsrud (1), Arnoldo Frigessi(l), Hege Hisdal(2), Gudmund Hust(l), Ole 
Schj0dt-Osmo(2) and Thomas Skaugenf2) 
(1) Norwegian Computing Center, Oslo, Norway, (2)Norwegian Water Resources 

and Energy Administration, Oslo, Norway. 
ths@nve.nn/Fax.+47 22 95 92 16 

The uncertainty associated with a flood forecast is important for risk assessment and 
useful in the decision making process. For example, the probabilities of exceeding 
certain critical levels may be more informative for a decision maker than the 
expected flood. Therefore, it is useful to quantify this uncertainty and incorporate it 
as part of the forecasting routine. For flood forecasts based on a rainfall-runoff 
model, the calibration error of the rainfall-runoff model and the effect of uncertainty 
in the meteorological forecasts are taken into account. A statistical model is fitted to 
two years of simultaneous values of the 1-6 days ahead forecasts of temperature, 
precipitation and runoff for two catchments in Norway. The calibration error of the 
rainfall-runoff model is estimated from 10 and 40 years of daily observations from 
the same two catchments. Our analysis indicates that the forecast errors are 
approximately proportional to discharge, and have an autocorrelated structure. An 
autoregressive model was fitted to each catchment, with stratification on 
temperature, precipitation and snow cover. The resulting model gives prediction 
confidence intervals given meteorological and hydrological forecasts. We illustrate 
the use of the model on a verification data set. 
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DOVVSCAUNG OF RAINFALL PREDICTIONS AND UNCERTAINTY IN 
THE ASSOCIATED FLOOD EFFECTS AT THE GROUND 

L. Lanza and P. La Barbera (Hydraulics Institute,  University of Cenova, 1 
Montallegro, 16145 Geneva, Italy). 

One major concern in the operational use of rainfall predictions obtained from 
numerical meteorological models is that forecasting is provided in terms of 
integrated quantities over a resolution grid of the order of 100 km in space and 3/6 
hours in time. In all cases where the catchment size is smaller than the model 
resolution in space, and consequently the hydrologica! response time is shorter than 
the resolution in time, some downscaling of rainfall predictions is required. This 
involves introduction of additional uncertainties with respect to those already present 
in the meteorological prediction chain, due to the structure and parameterization of 

• the mesoscale models used. Following the downscaling exercise, distributed 
hydrological rainfall-runoff models can be used to determine the expected flood 
peaks in all catchments that are covered by the predicted rainfall field. Some 
preliminary results are presented about the downscaling of rainfall predictions 
obtained by LAM, using a simple algorithm based on the separation of the rainfall 
fluctuations in space and time. Fluctuation in space are synthetically generated in the 
form of a Gaussian bi-dimensional field with zero mean, unit variance and specified 
correlation structure. The correlation in time is derived from that in space in the 
hypothesis that the coherence of scale in the outcoming rainfall field is preserved. 
Results of the simulation of the extreme precipitation event observed on September 
1992 over western Liguria (Italy) are presented in terms of flood peak estimates. 

A    STOCHASTIC    APPROACH    TO    SPACE-TIME    RALNFALL 
FORECASTING 

UNCERTAINTY ASSESSMENT OF EXTREME RAINFALL FORECAST 

G. Storti (1). P. Furcolo (2) and P. Villani (3) 
(I) Dip. di Scienze Economiche, University of Salerno, (2) D.I.I.LA., University of 
Catania, (3) Dip. di Ingegneria Civile, University of Salerno. 

Meteorological quantitative precipitation forecast (QPF) models are promising 
techniques for improving hydrological real time forecast performance. The usual 
assumptions underlying QPF models do not allow to easily deal with the evaluation 
of predictive uncertainty. Arbitrary distributional assumptions are often induced in 
the model in order to achieve this purpose. At the present time, a suitable alternative 
is offered by hydrological precipitation forecasts obtained by stochastic models 
based on rain-gauge network records or weather radar image. Bayesian forecasting 
offers a natural approach to the evaluation of predictive uncertainty. The procedure 
requires the specification of a likelihood function and a prior distribution for the 
predictions. The posterior distribution is then evaluated recursively from the data as 
new observations become available. A measure of uncertainty is generated via the 
estimation of posterior distributions for predictions. Practical operational hydrologic 
models usually deal with areal precipitation forecasts obtained from areal or 
multisite observations. For this purpose the previously mentioned procedure must be 
associated with a technique for the spatial aggregation. The present work mainly 
regards the former step. In order to illustrate the procedure, an application to rainfall 
data recorded in a dense rain-gauge network located in Arno basin is presented. 
Particular attention will be payed to the analysis of very extreme events (outliers), 
typical of mediterranean regions. 

D Mellor and P E O'Connell, (Department of Civil Engineering, University of 
Newcastle upon Tyne, Newcastle upon Tyne,, NEI 7RU, United Kingdom) 
P.E.O'Connell@ncl.ac.uk/Fax: + 44 191 222 6669 

The MTB stochastic space-time rainfall model has been developed for 
generating ensemble forecasts conditioned on radar images. The MTB model 
is continuous over space and time, and reproduces the features of observed 
rainfall fields at four distinct scales: raincells, cluster potential regions, 
rainbands and the overall outline of a storm at the synoptic scale. An inversion 
procedure has been developed for inferring a construction of the MTB model 
from a given sequence of radar images. This procedure is then used to generate 
ensembles of future rainfall scenarios for various time origins which are 
consistent with a currently observed storm. The ensembles are converted into 
ensembles of flow forecasts for the Brue catchment in South-West England, to 
demonstrate the feasibility of the approach for real-time flood forecasting. 

NH2 Meteorological     and     hydrological     hazards 
(co-sponsored by HS) 

02    Prediction     of    hazardous 
meteorological origin 

Convener: Tibaldi, S. 
Co-Convener: Alonso, S. 

events     of 

NEURAL NETWORKS FOR DATA QUALITY CONTROL 

F.Benvenuto (1), A. Marani (1,2), S. Silvestri (1) 
(1) Universita di Venezia, Dipartimento di Scienze Ambientali (Italy); (2) Istituto 
Veneto di Scienze, Lettere ed Arti di Venezia (Italy) 
marani@unive.it/Fax: ++39 41 5210598 

The understanding of data on atmospheric processes requires ever new handling 
techniques in order to cope with the large amount of complex information collected 
by direct and remote sensing measurement systems. The growth of automatic 
instruments capable of unsupervised operation simplifies the collection of these 
data and their storage, but the data end up in memory without having undergone 
checking. The restoration of an incomplete time series of data and the resolution of 
the outliers present many difficulties and there are just a few methodological 
proposals on this topic. The present research illustrates the use of a neural network 
in data quality control and reconstruction. The approach consists of training 
through a back propagation supervised procedure a neural network of fixed 
architecture, comparing real to virtual data produced by the network. Neural 
networks are applied to the problem of interpolating and extrapolating daily 
maximum temperature as well as to nowcast of tropospheric ozone concentration 
values. Different network architectures are explored and applied to a number of 
time series of data measured in different places and/or in different time periods. 
Observed and predicted data are compared to test the efficacy of neural algorithms 
in predicting environmental processes. To understand the operation of neural 
networks it is useful to work with simplified network architectures. As an example, 
results are reported using networks with only one input neuron, one hidden layer 
with three neurons, and one output neuron. The results presented show that neural 
models not only represent an efficient alternative to classical models, but also allow 
improvements in data quality control and in short term forecast. 
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SENSITIVITY EXPERIMENTS ON THE RESPONSE OF LAND 
SURFACE WITH THE COUPLED MODEL RAMS-LSPM. 

C. Cassardo(l). Niu Guo-Yue(2), Qian Min-Wei(2), A. Longhetto(3) 
(1) Department S.T.A., University, Alessandria, Italy 
(2) LAPC Chineese Academy of Sciences, Beijing, China 
(3) Department of General Physics, University, Turin, Italy 
cassardo@ph.unito.it/Fax: +39-11-658444 

A coupled model of RAMS mesqscale model (version 3b) and a well-developed 
land surface processes model (LSPM, version 3.0) has been established. The aim of 
this work was to improve the regional water balance representation, in order to 
reproduce the regional climate in amore accurate way. 
The important elements for regional water balance such as precipitation, 
evapotranspiration, surface runoff, infiltration and bottom drainage processes have 
been included in the coupled model. Some sensitivity experiments to soil and 
vegetation parameters (such as soil type, initial soil moisture content, vegetation 
coverage, minimum stomotal resistance, leaf area index and canopy resistance) 
have been done, and the results have been simultaneously compared with the ones 
of the original RAMS3b surface model. The results show that the coupled model 
RAMS-LSPM produces more realistic estimates of the apportionment between 
sensible and latent beat fluxes with respect to the original surface scheme. 

FROM FLOOD FORECASTING TO REGIONAL WARNING. 

L. Ferraris (1), A. Romairone (1) and F. Siccardi (1) 
(1) CIMA - Environmental Monitoring Research Centre, University of Genova, 
Italy. 

The morphology of the Northern Mediterranean coastline is made up by small- 
medium catchements (10-1000 im2) historically developed by a number of vil- 
lages and cities. Final flood plains had been developed in the past centuries 
by reducing braided riverbeds into narrow channels which design was based on 
the past centuries hydrological experiences. By this reasons inundation events 
of historical city centers are very frequent and proper civil protection policies 
require to issue during the flood season early warning messages to risk exposed 
population. Space and time scales of the available meteorological deterministic 
models exceed the size of most catchements. To quantify the uncertainty of the 
rainfall inputs is quite difficult. Past decade extreme events evidence over the 
Liguria Region is presented. Events are described by LAM outputs, Meteosat 
images and ground observations. Coherence between predictions and ground 
effects of rainfall events is also discussed. Experimental evidence suggests that 
robust methods are required to estimate in advance risk conditions leading to 
early warning diffusion. The space scale of Ligurian watersheds and the inher- 
ent meteorological inputs uncertainty require to target to ample subregions the 
early warning. A few examples of true and false alarms are finally discussed. 

SIMULATION OF A SEVERE WEATHER EPISODE IN 
PIEDMONT (3-5 NOVEMBER 1994) USING THE COUPLED 
MODEL RAMS-LSPM. 

C. Cassardofl). Niu Guo-Yue(2), Qian Min-Wei(2), A. Longhetto(3) 
(.1) Department S.T.A., University, Alessandria, Italy 
(2) LAPC Chineese Academy of Sciences, Beijing, China 
(3) Department of General Physics, University, Turin, Italy 
cassardo@ph.unito.it /Fax: +39-11-658444 

A coupled model of RAMS mesoscale model (version 3b) and a well-developed 
land surface processes model (LSPM version 3.0) has been established. This 
coupled model has been used to simulate a severe weather process which leads to 
the disastrous flood in north Italy during 4-7, Nov., 1994, simultaneously compared 
with the observations and the original version of RAMS3b. The geopotential, the 
stream lines and temperature and humidity fields are represented almost equally by 
the new version RAMS3b and by the old one. On the contrary, the differences of 
the land surface sensible and latent heat fluxes are large, and this fact causes a 
considerable differences between the the precipitation calculated by the two 
versions. The main differences exsists in the response of soil to the precipitation. 
The soil moisture of the old version RAMS3b never saturates under the strong 
input of precipitation, while in the coupled model the soil has been saturated for 
one day causing strong surface runoff, which constitutes the flood. 

UNCERTAINTY ASSESSMENT IN THE PREDICTION OF 
EXTREME RAINFALL EVENTS: AN EXAMPLE FROM THE 
CENTRAL SPANISH PYRENEES 

J.M. Garcfa-Ruiz (1), S.M. White (2), A.P. Bordonaba (1) and A. Moreno (1) 
(1) Instituto Pirenaico de Ecologfa, Campus de Aula Dei, Apartado 202, 50080- 
Zaragoza, Spain. (2) School of Engineering, Universitu of Durham, Science Park, 
Durham, DH13LE, UK 
humberto@gustavo.mizar.csic.es 

Extreme pluviometric events are very unfrequent in time and very erratic in space. In 
general, they affect few square kilometres in their most active part, as several 
catastrophic rainfalls have demonstrate (i.e. the flood in Biescas, August, 7,1997) 
and their identification in meteorological data.series is very difficult As a 
consequence, it is almost impossible to make an accurate prediction of extreme 
events using the traditional statistical procedures. The irregularity is even greater in 
mountain areas, where a complex topography encourages the generation of isolated 
rainstorms. In this paper the application of the Gumbel formulae to a dense rain 
gauge network (in the Central Spanish Pyrenees) confirms the impossibility of 
predicting the most hazardous areas: In fact, for a given expected precipitation in 24 
hours, die predicted return period can oscillate several magnitude orders even in 
places located less than 20 kilometres apart. 

USING PROBABILISTICS DISTRIBUTION IN A REAL TIME 
FLASH FLOOD FORECASTING SYSTEM 

R. Datin. S. Guilbaud & Ch. Obled 
LTHE, BP 53,38041 Grenoble cedex 9, France 
datin@hmg.inpg.fr; fax : (33) 476-82-52-86 

Efficient flood warning in rural catchments requires lead-times of at least 6 
to 12 hours, while nowcasting in mountainous regions cannot provide 
forecasts beyond 1 or 2 hours ahead. So the flood forecaster should use as 
input to his hydrological models rainfall scenarios which may be derived by 
different techniques. 
Our first aim was to build a rainfall generator conditioned by the immediate 
observed past while respecting the climatological structure of storms. Next 
this paper shows that conditioning by the expected future is fruitful. Here 
the forecast used is expressed as the conditional distribution of the daily 
totals expected over a fixed time window. Moving from the current day to 
the next can be smoothly managed by using progressively a mixture of the 
forecast for the current day, partially elapsed, and of the forecast available 
for the next day. 
An example is displayed on the upper part of the Ardeche river basin (121 
km2). It is shown that using the future for scenarios is more informative that 
using only the immediate past, in terms of discharge forecasting. 

THE USE OF ARTIFICIAL NEURAL NETWORKS OVER 
THERMODYNAMIC DATA FOR EXTREME RAINFALL EVENTS 
CLASSIFICATION AND FORECASTING 

Jose' Gibergans Bäguena.   Maria-Carmen Llasal 
Department of Astronomy and Meteorology, University of Barcelona, Spain 

The knowledge about the data obtained from the radiosounding ascents are 
essential for the forecasting, analysis or diagnostics of weather. Particularly the 
atmosphere's thermodynamic analysis makes it possible to obtain information about 
the possible existence of instability or about an auspicious environment for 
convection, the contents of water vapour as well as the possible formation and 
development of clouds, and the existence of wind's shear and jet streak. The 
thermodynamic analysis has a highly discriminating feature in those situations in 
which the synoptic situation does not allow to completely justify either the 
atmospheric phenomena nor their distribution. On the other hand, artificial neural 
networks represent an emerging technology rooted in many disciplines. They are 
endowed with some unique attributes: the universal approximation and the ability 
to learn from their environment. The objective of this presentation is to show the 
use of artificial neural networks over thermodynamic data for extreme rainfall 
events classification and forecasting in Catalonia, Spain, using the radiosounding 
ascents of Palma de Mallorca since 1975 until 1989. We have tested different 
inputs (precipitable water mass, equivalent potential temperature, CAPE and so on) 
and different learning processes. The results obtained have allowed to select the 
most representative variables and to classify the different rainfall events in 
relationship with the thermodynamic variables. 
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USE OF THE REANALYSED DATASET OF THE NECP/NCAR TO 
IMPROVE DAILY QUANTITATIVE PRECIPITATION FORECAST BY AN 
ANALOGUE TECHNIQUE 

S. Guilbaud «ad Ch. Obled 
LTHE, BP 53.38 041 Grenoble Cede* 9, France 
«opMe.guUbaud@hmg.inpg.ft / fax: (33) 476 82 32 86 

The NCEP/NCAR reanalysis project has pioduced a 40-year (1955-1995) record of 
global analyse* of atmospheric fields, through the same model. It offers very 
interesting perspectives for forecasting methods based on analog techniques, 
because they are mainly reliant on the length, the homogeneity and the fullness of 
the historical data file. That's why these re-analyscd dataset is being tested in a 
daily quantitative precipitation forecast method using analog situations sorting out. 
The analogy criterion, initially a simple Euclidean distance, has been successfully 
replaced by the Teweles-Wobus score applied on 700 and 1000 hPa geopotenual 
fields. But these fields, stemming from Etectrlcui de France and Miteo-France, are 
not very homogeneous because they have been modified every time the 
meteorological model has changed. 
So, at first, we will present significant results obtained by changing the analogy 
criterion into the Teweles-Wobus score. Then, these results will be compared with 
those obtained with the same geopotenual fields (700 and 1000 hPa), but 
«analysed by the NCEP/NCAR. And finally, we will also try to enter, in the 
analogy criterion, new information from the NCEP/NCAR dataset, like humidity at 
low level, high geopotential fields, potential vorticlty, wind... 

SYNOPTIC AND MESOSCALE DIAGNOSIS OF A HAILSTORM 
SITUATION IN EASTERN SPAIN 

V.Hbmar. E. Tuduri, R Romero, C. Ramis and S. Alonso 
Meteorology Group, Departement de Fisica, Universität de les Dies Balears, Palma 
de Mallorca, Spain. 
drsvhs9@llamp.uib.es 

On 4 September 1995, several convective cells developed inland of eastern Spain 
during the afternoon. As these storms grew and moved toward the Mediterranean 
Sea, a hail event occurred during the evening in the Valencia region. Hailstones 
attained diameters of up to 7 cm, and the resulting losses in the grape production of 
the affected area were very important The meteorological situation was 
characterized at upper levels by a deep trough that evolved over the Iberian 
peninsula. The associated low-pressure centre at low levels absorbed and intensified 
a preexisting relative low off the eastern coasts of Spain. Synoptic ingredients 
favourable for deep convection have been identified over the area where convective 
cells developed. An investigation of the mesoscale features reveals the existence of 
a low-level convergence line over eastern Spain produced by the aforementioned 
pressure lows, and a dry cold air tongue introduced into the Mediterranean from the 
north by a Genoa Gulf low pressure centre. Satellite pictures show the presence of 
two jets at two different levels of the upper troposphere, which ageostrophic 
circulations favour the convection development. 

NUMERICAL SIMULATION OF HEAVY PRECIPITATION EVENTS USING 
TWO DIFFERENT VERTICAL COORDINATE SYSTEMS 

E.Minguzzi and T.Paccagnella 
ARPA-Servizio Meteorologico Regionale, viale Silvani 6,40122 Bologna, Italy 
E-mail: borsisti@meteo2.arpameLregione.emiIia-romagna.it 

In the framework of the MAP (Mesoscale Alpine Program) project numerical 
simulations of intense precipitation events in the Alpine Region have been carried on. 
The model employed is LAMBO (Limited Area Model Bologna), which is based on a 
version of the Eta (NCEP) model and is operational at the Regional Meteorological 
Service of Emilia Romagna (ARPA - SMR). Apart from the sensitivity to horizontal. 
resolution, the numerical simulations were mainly addressed to investigate the impact 
of using two different systems of vertical coordinate: the usual terrain-following sigma 
and the quasi-horizontal eta. The analysis of the results has been focused on the details 
of precipitation forecast but also on the 3d structure of the flow over and around the 
mountains, which appears to be very sensitive to the vertical coordinate used. 

DEVELOPING VERSUS NON-DEVELOPING CONVECTIVE 
VORTICES INTO "HURRICANE-LIKE" CYCLONES OVER THE 
MEDITERRANEAN SEA 

O. Reale 
International Centre for Theoretical Physics, Trieste, Italy. 

Beyond the more common, baroclinic, orographically induced lee-cyclones, a 
different category of sub-synoptic scale vortices, dominated by intense convec- 
tion, has been documented in the Mediterranean in late summer, fall and early 
winter. Some of these vortices develop a "hurricane-like" structure. Dynamics 
and classification of these vortices are discussed by 0. Reale (OA12 session). 
In this presentation, two years of the National Center for Environmental Pre- 
dictions (NCEP, USA) Medium Range Forecast (MRF) model's output are 
analyzed: 1996 and 1997, emphasizing the 48 and 72 hour forecast. During this 
period, 4 sub-synoptic vortices with a hurricane-like structure were detected. 
They were all correctly predicted, but the model forecasted the insurgence of 
5 other events which actually did not develop a hurricane-like structure. 
In this study it is shown how some dynamical criteria adopted for the Trop- 
ical regions to distinguish between developing and non-developing convective 
vortices, can be successfully applied in the Mediterranean, thus reducing the 
over-forecasting error in the NCEP model. Particularly, barotropic instability 
is an important source of energy, wehereas baroclinic instability acts as an in- 
hibiting mechanism: their evaluation in the model's output represents a good 
predictor. 

NUMERICAL SIMULATIONS OF INTENSE PRECIPITATION 
EVENTS USING THE ETA MODEL 

S. Marches!, S. Morelli and M. Stortini 
Dip. Scienze dell'Ingegneria - Osservatorio Geofisico, Modena, Italy. 

During recent years the Alpine region was affected by several intense precipi- 
tation events which caused serious damages and loss of human lives. In this re- 
spect it is of crucial importancethe correct meteorological forecast of the events 
which can be the cause of potentially dangerous situations. The Alpine region 
and the Mediterranean area in general present features that can heavily influ- 
ence the local atmospheric flow and the related phoenomena. The occurrence 
of heavy rain over small regions should require synoptic scale and mesoscale 
conditions favourable to the development of persisting upward motions and 
moisture convergence. 
In the framework of the international MAP project (Mesocale Alpine Pro- 
gramme) some events of the kind described above were selected and are cur- 
rently object of intensive study, also using numerical models, in order to un- 
derstand in details the features of the related atmospheric flow. Therefore, 
simulations of some of these episodes using a mesoscale operational model were 
performed and the results will be shown, with particular attention to the quan- 
titative precipitation prediction. The model used is the Eta model, version 1993, 
which is operational at NCEP, USA. Comparisons with ECMWF analysis and 
with observed precipitation data will also be shown. 

HEAVY PRECIPITATION QUANTITATIVE FORECAST: A 
COMPARISON BETWEEN MEASUREMENTS AND LIMITED 
AREA MODELS OUTPUTS. 

D. Sacchetti, N. Tescaro, E. Trovatore 
Liguria Region Meteo-hydrological Centre, Via Dodecaneso 33,16146 Genova, 
Italy. 
davideCcmirll.ge.infn.it/Fax: [+39] 10 353 6263 

Heavy precipitations may frequently occur in all mediterranean area, particu- 
larly in regions with a steep and complex orography like Liguria. These precip- 
itations caused flash floods with life and property losses. The severity of some 
of those recent events justifies the research efforts aiming at improving quan- 
titative rain forecasts. The forecast accuracy of heavy precipitation and flood 
hazards is obviously associated with the skill of rainfall forecast in space and 
time. It is well known that atmospheric General Circulation Models (GCMs) 
provide precipitation fields which, at a resolution not suitable for weather and 
hydrological predictions in areas with steep orography, mostly because of small- 
scale phenomena caused or triggered by orographic response. Therefore, for re- 
gions with a complex and steep orography, like Liguria, the use of a very high 
resolution model is needed. 
Our aim is to compare forecasted and measured rain for a set of events charac- 
terized by heavy precipitations in the Ligurian Region, most of them causing 
floods. To do this we compared distribution patterns of precipitation values 
forecasted by Limited Area Models operating at different resolutions. 
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NUMERICAL SIMULATIONS OF THE 
VAISON LA ROMAINE FLASH FLOOD 

J. Stein, P. Hereil and N. Asencio (METEO-FRANCE, CNRM/GMME/Relief, 
42 av. Coriolis, 31057 Toulouse, France) 

Numerical simulations with the nonhydrostatic anelastic model Mesc- 
NH are carried out to reproduce the flash flood which occurs in the city 
of Vaison la Romaine. This flood is the result of several mesoscale con- 
vective system which develop ahead of a cold front in the southern part 
of the Alps. In many aspects, this case appears as a prototype case for 
the preparation of the MAP ( Mesoscale Alpine Program ), which will 
study convection on the Alps as one of its main purpose. Meso-Beta and 
meso-Gamma scale phenomena will be discussed with the help of nested 
simulations, using meshes equal to 20 and 2.5 kilometers. Quantitative 
comparison with rain gauge and radar observations will be used to vali- 
date the simulations. Then, the orographic and sub-synoptic influences 
( cut-off low and streamer ) will be analysed for the convection trigger- 
ing in both simulations in order to understand this complex case. 

OPERATIONAL USE OF REAL-TIME FLOOD FORECASTING 

E. Todini. (Dept. of Earth and Geo-Environmental Sciences, University of 
Bologna, Via Zamboni 67, 1-40127 Bologna, Italy); R. Vignoli (ET&P - 
Environmental Technologies and Products, Via Musolesi 1/a, 1-40138 Bologna. 
Italy) 

Following a brief overview of the state of the art in real-time data acquisition and 
flood forecasting, this paper aims at presenting a number of real-time flood 
forecasting and warning systems, operationally installed in Italy as well as in 
Germany and in China, based upon the European £lood forecasting Operational 
Real-lime System (EFFORTS) originally developed at ET&P on behalf of the 
Commission of the European Communities. 
Problems encountered and the use of forecasts in the decision making process 
aimed at reducing the risk due to flooding, will be discussed. Finally, a recent 
example of application for the management of lake Como in Italy will be 
presented. In this application real-time flood forecasting is combined to a real time 
stochastic optimisation algorithm in order to increase the expected value of benefits 
deriving from the use of waters (irrigation and hydro-power) while reducing the 
expected damages due to the flooding of Como main square. 

STUDY ON THE ROLE PLAYED BY A MINOR MOUNTAIN 
CHAIN IN TRIGGERING DEEP CONVECTION 

N. Tescaro, D. Sacchetti, E. Trovatore 
Liguria Region Meteo-hydrological Centre, Via Dodecanese) 33,16146 Genova, 
Italy. 
Tesearo«cmirll.ge.infn.it/Fax: [+39] 10 353 6263 

Numerical Weather Prediction models allow the investigation of the interaction 
of the atmosphere with mountain chains. It is well known that warm and moist 
overrunings and low-level moisture flux convergence can be strongly amplified 
by orography, with large increase of precipitation as a consequence. Moreover, 
vertical motion and convection can be triggered and enhanced by orography. 
All these events, but particularly the latter, are obviously underestimated by 
General Circulation Models, which cannot describe the spatial variability shown 
by precipitation fields over areas in which the orography scale displays a high 
spatial frequency. Therefore, for regions with a complex and steep orography, 
like Liguria, the use of very high resolution models is needed. 
In order to evaluate the effect of a minor mountain chain (the Apennines, Italy) 
on the atmospheric mesoscale flow, a simulation of some extreme events, that 

• affected the western Mediterranean producing high precipitation amounts and 
floods over Liguria (Italy), have been performed with the Limited Area Model 
(LILAM) operationally used to make weather forecast in our centre. The aim of 
the present work is to investigate the role played by a minor chain in modifying 
the small scale atmospheric flow, with emphasis on the role played in triggering 
deep convection. 

NH2 Meteorological    and 
(co-sponsored by HS) 

hydrological    hazards 

03 Flood hazards and flood risk: regional analysis 
of extremes (co-sponsored by OA) 

Convener: Bois, P. 
Co-Convener: Oancea, V. 

FLOOD PREDETERMINATION MODEL BASED ON HOURLY 
RAINFALLS STOCHASTIC GENERATION 

E^maiid (1), J. Lavabre (1) 
(1) Cemagref BP 31, LeTholonet, 13612 Aix-en-Provence 
patrick.amaud@cemagref.fr/Fax : +334 42 66 99 58 

For the needs of hydrological studies, a hourly rainfall stochastic model has 
been developed to be coupled with a rainfall runoff conversion model. Thus, 
many hourly flood scenarios are obtained by simulation on very long 
periods. The hourly rainfall model has been improved and tested on a large 
area, 49 raingauges located on the French Mediterranean seaboard. With the 
rainfall generated, flow time events are simulated with the conceptual 
spatially-lumped model GR3H. The method has been tested on 17 
watersheds on the studied area and gives good results. The advantage of this 
approach is to obtain rainfall and runoff temporal information. Different 
realistic flood scenarios, "which occurrence is obtained by simulation, are 
used instead of a unique design flood. Moreover, the large use of rainfall 
information and the rainfall runoff conversion modelling seems to give a 
more important stability to this approach rather than the classical statistic 
methods. 
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THE FREQUENCY OF LOW MAGNITUDE FLOODS: A STUDY OF THE 
RELIABILITY OF THE ANNUAL MAXIMUM SERIES METHOD 

Barttomiej Wyzga, Institute of Nature Conservation, Polish Academy of Sciences, ul. 
Lubicz 46,31-512 Krakow, Poland 

The analysis of annual maximum series is a standard procedure used to establish the 
recurrence of floods of a given magnitude; however, it ignores subordinate peaks of 
some years which exceed the lowest maxima of the series, and thus underestimates the 
occurrence of low magnitude floods. To determine the reliability of the AMS method, 
frequency distributions of low magnitude floods derived either from annual maxima 
(AMS) or from all peaks exceeding a selected threshold discharge are compared for a 
set of gauging stations located in the upper Vistula River drainage basin, but on 
streams with somewhat different flood regime and a range of catchment areas. A 
considerable variation in the mutual relation of the two series exists among the 
stations despite their close proximity. The high variation remains even when the 
recurrence intervals of the AMS are transformed to their equivalents in the partial 
duration series by means of the Langbein relationship. The divergence between the 
AMS and PDS increases with growing variability of the annual maximum discharges, 
and generally, the underestimation of flood discharges of a given recurrence interval 
by the AMS is high for streams with a flashy regime, but low for streams with more 
uniform run-off. This study shows that the actual flood magnitudes for a given 
probability cannot be satisfactorily obtained by means of a simple transformation of 
the recurrence interval for known AMS discharges. Therefore, despite the long 
tradition of using the AMS method, it is recommended that the partial duration series 
method should be employed when evaluating the occurrence of low magnitude floods. 

LAST YEAR SUMMER FLOODS IN MORAVIA: WHAT IS THE FUTURE? 

L. Bodri (1) and V. Cennak (2) 
(1) Geophys.Dept., Eötvös Univ., Budapest, (2) Geophys.Inst., Czech Acad.Sci., 
Praha ' 
cermak@ig.cas.cz/Fax:+422-761549 

Dramatic floods occurred in Central Europe in summer 1997, Czech Republic 
being afflicted especially in its eastern part - Moravia. Predictive approach when 
modeling flood recurrence may be helpful in flood management. Summer floods 
are typical by saturated catchment due to long-lasting heavy precipitation 
followed by an extreme rainfall We analyzed temporal variability of precipitation 
time-series by fractal analysis, revealing persistent fractional noise with 
dimensions of 1.3-1.4. Precipitation appears to be a random small amplitude 
fluctuation superposed on a background controlled by more regular quasi-cycles. 
While the individual up-down runs last 3-5 years, the persistent trends may take 
more than 15-30 years. The precipitation character in Moravia, being declining 
with a rate of 2-5 mm/yr during the past 30-35 years, changed suddenly to the 
opposite tendency following the dry period of 1992-94. We modelled 
precipitation fluctuations with the Mandelbrot's fast fractional Gaussian noise 
tecnique. Simulations were used for stochastic prediction of the precipitation 
trends causing summer floods. Our results seem to give evidence that higher 
precipitation in the last years is not a sort of provisional run but belongs to a 
persistent trend. 

A METHODOLOGY FOR THE ESTIMATION OF THE IMPACTS OF 
CLIMATE CHANGE UPON FLOOD FREQUENCY (WITH 
UNCERTAINTY) 

D.S.Cameron'. KJ. Beven1, S. Blazkova2 and P. Naden3 

1 Centre For Research on Environmental Systems and Statistics, Lancaster 
University, Lancaster, LAI 4YQ. U.K. 
2 T G Masaryk Water Research Institute, Podbabska 30,160 62 Prague, Czech Rep. 
'institute Of Hydrology, Crowmarsh Gifford, Wallingford, Oxfordshire, OX10 8BB. 
E-mail: d.cameron@lancaster.ac.uk   Fax: (+44) 1524 593985 

A modelling strategy, appropriate to the assessment of the impacts of climate change 
upon flood frequencies within an uncertainty framework, is introduced. The 
methodology couples a stochastic rainfall generator with the frequency version of 
TOPMODEL for the purposes of flood frequency estimation. Following constraint 
of non-behavioural rainfall realisations through the application of an 
observed/simulated sum of absolute errors criterion (based upon duration class 
annual maximum rainfalls), multiple realisations of potential annual maximum flood 
frequency curves are produced through the use of continuous simulation and Monte 
Carlo techniques. Further constraint of these realisations is then achieved via an 
observed/simulated flood peak sum of absolute errors measure, low flow 
conditioning, and calibration/validation for continuous rainfall/runoff modelling. ■ 
Uncertainty in the flood frequency predictions is estimated using these behavioural 
realisations within the Generalised Likelihood Uncertainty Estimation (GLUE) 
framework. Example applications are provided for assumed "stationary" conditions. 

REGIONAL INCREASE OF WINTER FLOODS IN SOUTHWEST 
GERMANY CAUSED BY ATMOSPHERIC CIRCULATION CHANGES 

H J. Caspary 
FH Stuttgart - Hochschule für Technik, Stuttgart 
caspary.fbb@fht-stuttgart.de/ Fax: + 49-721-892037 

Instationarity in the time series of annual peak flow will be demonstrated for the 
Enz River Basin/Black Forest (A - 1477 km2), the upper Danube (A - 1 320 km2), 
and the Nahe River Basin (A = 2 382 km2) in Southwest Germany. The reason for 
this is a dramatically increase in frequency and persistence of the large scale 
atmospheric circulation type "West cyclonic" (Wz) for the wintermonths (Dec.- 
Feb.). During the observation period (1926-1997) nearly all extreme floods 
including the floods of Feb. 1990, Dec. 1993, and Jan. 1995 for all three Basins 
have been caused by weather type "Wz" during winter. Nonparametric tests show 
that instationarity starts for the winter-Wz-frequencies and the annual peak flows 
of the ENZ River, the Nahe River, and the upper Danube Basin in the period of 
1972 -1977. By this a shift to an increased flood risk will be demonstrated for the 
three river basins. Instationarity of the peakflows is caused by a significant increase 
of winter precipitation which itself is caused by changes of the atmospheric 
circulation. This leads to the HYPOTHESIS: "If the frequency and persistence of 
the circulation type "Wz" will become stabilised on the actual high level, many 
river basins in hilly regions of Southwest Germany will have a dramatically 
increased flood risk." Instationarity does not concern all Germany, but it is a 
serious regional problem for many river basins of Southwest Germany 

H 

REGIONAL ESTIMATION OF HIGH INTENSITY SHORT DU- 
RATION RAINFALL EVENTS 

G. Boni, A. Cavallo and F. Siccardi 
CIMA - Environmental Monitoring Research Centre, University of Genova, 
Italy. 
horse«cima. unige. it/Fax: [39] 19-862612 

The procedure for regional estimation of excess probability has been applied 
to high intensity short duration rainfall events in order to evaluate the flood 
hazard in Ligurian catchments. TCEV - Two Components Extreme Value - 
probability distribution has shown excellent descriptive and predictive capabil- 
ities, as compared with usual EV probability distributions. The determination 
of scale parameter has been performed by linking ground observed historical 
data with remote sensing observation of the typical extreme storm structure 
over the region. The observed variability of the scale parameter across the region 
suggests that the maximum annual short duration rainfall depth process has its 
central measure controlled by a simple physics. Convective processes over Lig- 
uria region are mainly driven by orographic uplift: the relative angle between 
the southern slope of the Ligurian Apennines and the direction of largest S-N 
fetch seems to control the intensity of deep convection. Experimental evidence 
is presented 

The influence of the local catastrophical phenomena in the 
atmosphere. 

D. Chitaladze, Z. Khvedelidze. 
Tbilissi State Univ., 3, Av Tshavtshavadze, 380002 Tbilissi, Georgia 

It is well-know that the concentration of the harmful substances in 
the atmosphere sharply changes during catastrophical phenomena 
which results in the further alteration of the regional and then global 
climate. Due to such phenomena as shower- type precipitations, 
intence rains heavy showing, the atmosphere clears from the 
harmful substances but at the same time there is a peculiar pollution 
of the soil, rivers, lakes and then seas and the oceans in the given 
region. Strong winds which disperse harmful substancesfrom the 
given region ovev the large territories are also of great importance. 
In order to study the given problem statistical data of the 
meteorological valuea for the last 15 years on the territory of 
Georgia will be analysed using 30 meteorological station. 
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COMPARISON OF FLOOD FREQUENCY MODELS BASED ON 
EXTREME RAINFALL ANALYSIS 

E. Ferrari 
Dip. Difesa del Suoto, Universlta di Calabria, 87040 Montaho Ufiugo (CS), Italv 
Email: fisnari@dssetver.unical.it /Fax: +39-984-934245 

Flood frequency analysis often copes with scarcity of hydrometrical data. The use 
of the whole available hydrologlcal information, both floods and rainfalls recorded 
in a large homogeneous area around the examined basin, improves design flood 
estimation. Paramedical methods of identifying these areas have some attraction 
but could give bad results. Moving from the index flood method, a hierarchical 
regional approach, employed in the Italian VAPI flood evaluation project, gathers 
alT the extreme hydrological scries belonging to an homogeneous area, whose 
extension depends on the order of an appropriate statistics. Particularly TCEV 
distribution, employed in this procedure, performs daily rainfall analysis for the 
identification of homogeneous hydrometric regions and subieglons. Moreover 
hourly rainfall analysis is performed for index flood relationships. The growth 
curves so obtained are robust enough but attention must pe paid essentially to the 
regional estimation of index flood. Another interesting approach exploits 
pluvfomctric Information for flood distribution by assuming rainfall excess flilly 
transformed in runoff volume. This procedure, performed by the French 
AGREGEE model, fits dtroctfy local flood data in lower return period domain. For 
higher return periods it derives the slope (gradex) of flood distribution from the 
distribution slope of extreme dairy rainfall recorded in a representative cite of the 
basin. The choose of this pluvtometrlc site and the threshold of rainfall data 
computed for flood gradex estimation are some of the peculiar steps of the 
procedure. Both AGREGEE and TCEV models assume different behaviour of the 
flood's CDF for low and high return periods. A more detailed comparison arise 
from the application of the models on various European hydrological data base. 

SCALING OF REGIONAL FLOODS - AN L-MOMENTS 
APPROACH 

L. Gottschalk (\). R.Weingartner (2) 
(1) Department of Geophysics, University of Oslo, P.O.Box 1022 
Blindem, N-0315 Oslo, Norway, (2) Geographisches Institut, Universität 
Bern, Hallerstrasse 12, CH-3012 Bern, Switzerland 
lars.gottschalk@geofysikk.uio.no 

An approach to analyse scaling properties of floods from expected order 
statistics and L-moments is here developed further with respect to the 
procedures for determining scale coefficients. A scaling relation has been 
introduced for the expected order statistics, which allows the derivation of 
a scale dependence of L-moments, L-moments ratios and of parameters of 
theoretical distribution functions. The method used to estimate the scale 
coefficients has a significant influence on the behaviour of the tails of the 
scaling relation. The effect of this is illustrated on scale dependencies for 
the GEV distribution, with the EV1 as a special case, applied to a Swiss 
data set consisting of 182 observation series with at least 20 years of 
instantaneous floods. 

REGIONAL GEOSTATISTICAL ANALYSIS OF VERY EXTREME 
RADIFALL AND FLOODS 

P. Furcolo (1), F. Rossi (2) and P. Villani (2) 
(1) DXI.LA., University of Catania, (2) Dip. di Ingegneria Civile, University of 
Salerno. 

Natural hydrometeorological disasters in the Mediterranean region are generated in 
the past essentially by outlying events characterized by extremely large rainfall 
intensity and rare occurrence. Because of their rare occurrence, these extreme events 
can be treated only on regional frequency bases, to reduce parameter uncertainties 
estimation in gauged sites, arid for risk evaluation in ungauged sites. A statistical 
regional model includes (i) a probabilistic model, which can explain the 
extraordinarily high rainfall and floods observed in the past; (ii) a regionalization 
model, which can take into account the observed spatial variability of the statistical 
parameter of the probabilistic model. Here, a regionalization model is shown, based 
on TCEV distribution probabilisti model, with a geostatistical analysis of its 
parameters. The regional model considers that the observed variance comes from 
two sources: sampling variability, due to uncertainties into point estimates, and 
spatial variability, due to effective difference between sites. Usual geostatistical 
techniques refe to the exactitude property in gauged sites. At-site estimates are 
affected by sampling uncertainty, that can be predominant for high order parameters. 
An iterative procedure is implemented, which allows to obtain the spatial structure of 
the noiseless variate. First results are shown, with reference to a case study for an 
Italian region. The objective differentiation between areas with different risk is one 
of the most important finding of the proposed regionalization procedure. 

INCREASING FLOODING RISK CONSIDERING 
SEDIMENTATION IN THE RESERVOIR 

A. Mosaedi (Department of Water Resources Eng. Technical University of 
Budapest, H-1521, Budapest, Hungary. E-mail: mosaedi@vitbme.hu) 

Reservoirs not only trap the incoming sediment load but also reservoir 
sedimentation increases the flooding risks because of aggravation upstream of 
the reservoir. Reservoir sedimentation results in loss of storage capacity for 
flood control and/or water supply. Sedimentation in reservoirs is a random 
variable and the value of sediment coming to the reservoir and/or passing the 
outlet, should be considered as a random variable. In the study a probability 
distribution function was found for the accumulated sediment in the a 
reservoir. Therefore the value of accumulated sediment for any year during 
the life time of reservoir was estimated. Accordingly with considering the 
initial reservoir capacity, the capacity of the reservoir was estimated for any 
year after the construction of the reservoir. Obviously the reservoir capacity is 
decreasing. Applying the Moran's Model for reservoir sizing considering the 
dependence of reservoir capacity with time, the probability of overflow for 
every year after construction of the reservoir was obtained. The results of the 
study shows how the risk of flooding in downstream of the reservoir is 
increases during the life time of a reservoir. 

ANALYSIS OF. THE METEOROLOGICAL PATTERNS PRODUCING 
FLASH FLOOD IN THE IBERIAN PENINSULA 

L.Gimeno(1), A.Rua(2), M.Blanco(l), 
D.Vidueira(l) 
(1) Facultad de Ciencias de Orense, Univeridad de 
Vigo, (2) Departamento de Estadistica, Universidad 
Complutense de Madrid./Fax 34 88 387159 

During October and November 1997, more than twenty 
people died in the Iberian Peninsula as a result 
of flash flood. This situation repeats every year. 
The meteorological patterns that produced the 
intense rain that resulted in flash flood differ 
widely. Very intense synoptic patterns like front 
or cutt-off-lows, mesoescale convective systems or 
even intense storms can produce flash flood. In 
this study we analyze the meteorological patterns 
producing flash flood in the Iberian Peninsula in 
the last ten years. 

REGIONALIZATION OF THE EXTREME ANNUAL RAINFALL USING 
THE TWO-COMPONENT EXTREME VALUE MODEL : DISCUSSION 
AND APPLICATION 

B. RVersiani (1), M.C. Naghettini (1) and P. Bois (2) 
(1) Escola de Engenharia da UFMG, (2) Laboratoire d'Etude des Transferts en 
Hydrologie et Environnement 
versiani@cce.ufmg.br/Fax ++ 55 31 238 1001 

This paper presents the regionalization method of maximum rainfall based on the 
cumulative distribution function ( CDF) of the Two-Component Extreme Value ( 
TCEV), developed by Rossi et al (1984) and its application on the daily maximum 
annual rainfall samples over the region of Minas Gerais (Brazil ). This statistical 
model is based on the product of two exponentials, both representing a Poisson 
process: the first corresponding to the most frequently maximum rainfall 
generated and the other corresponding to the outliers . Theoretical aspects of the 
model are briefly presented and discussed. The regionalisation technique is 
divided in two parts The first regionalisation level consists in defining the 
homogeneous regions.. Working with dimensionless values, the data of the 
homogeneous regions are pooled together to give a single series of station-year. 
The second regionalisation level consists in defining sub-regions where the third 
parameters of the cumulative distribution function TCEV are constant. The 
procedure used is a first step to define hydrological homogeneous regions related 
to the flood frequency studies. 
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MODELLING THE MAXIMUM PROBABLE FLOOD IN A 

Mary-Jeanne Adler, Ciprian Corbus (National Institute of Meteorology and 
Hydrology, Sos. Bucuresti-Ploiesti 97, 71552 Bucuresti, Romania, 
adler@meteo.inmh.ro) 

In modelling the probable maximum flood (MPF) a deterministic method was 
used, based on the integration of the probable maximum precipitation (PMP) 
by means of the rainfall-runoff model. 
The quantity, distribution on time and space are determined from the genetic 
procedures which are based on the maximisation of the some observed 
extraordinary rainfalls. 
The rainfall-runoff model simulate the following components: the mean inflow, 
effective rainfall and the total flow on each sub-basin, the composition of the 
flood waves and their routing within the channel. 
Finally, some aspects of the affected area are presented, as well as the change 
of the parameters of routing of flood. 

MAPPING OF FLOOD PLAINS. THE CASE OF THE SESIA RIVER 

S. Barhero (1), C.Giampani (2), M.Ramasco (2) 
(l)Servizio Meteoidrografico-Regione Piemonte, TORINO - Italy 
(2)Struttura Studi e Ricerche BDG-Regione Piemonte, 

The Piemonte Region, within its institutional competencies regarding natural risk 
forecast and prevention, is experimenting a real-time flood forecasting system, 
aimed to civil protection. This system is made up by an operative structure that 
carries out forewarning operations, by an hydraulic-hydrologic model that allows 
flood forecasting and by a flood risk analysis that leads to emergency planning 
management. 
This poster shows a method for flood risk assessment and its application to the Sesia 
River (left tributary of Po River). An analysis of main flood events involving Sesia 
River, occurred in the past fifty years (1954,1968,1977,1993,1994) has been 
performed in this view through air photography, historical sources, and field 
surveying studies. Moreover an hydraulic model that leads to flood forecasting has 
been used to define free boards in crossing and defence building, with reference to 
several different floods. Finally, all these studies allowed to recognise the most 
vulnerable areas close to the river, outlining both the main flood flow zone in a 
significant event (1993) and the lateral zone at its sides at flood risk in case of 
events characterised by flows comparable to those measured in November 1968. 

FLOOD PLAIN ZONING ON HEADWATER 

M. Brilly 
University of Ljubljana, FGG-KSH, Hajdrihova 28,1000 Ljubljana, 
Slovenia 
mbrilly@fagg.uni-lj.si/Fax: + 386 61 219 897 

Flood plain zoning is a well known non-structural measure and also a 
powerful tool in different aspects of the flood protection management. 
We should extract on flooded area: flood way, area flooded by ten 
years return period flood, area flooded by hundred year return period 
flood and area flooded by maximum probable flood. On headwater 
streams we suggest that river bank erosion and sediment deposition 
should be incorporated into the zoning. A few hours of inundation can 
not damage a structure as much as soil and river bank erosion can. 
Also sediment transport could completely change hydraulics 
conditions on flooded area. Potential erosion can be estimated by 

| hydraulic and sediment transport models, geological data, and using 
! experience with previous floods. 
The most important characteristics of a flood for flood protection are 
the time lag from the beginning of rainfall to the peak discharge, the 
time duration of the flood wave, and the maximum velocity of the rise 
of water level. 

USE OF WEATHER RADAR FOR THE MONITORING OF 
COMBINED SEWER OVERFLOWS IN BARCELONA AREA. 

Carles   Corral  Alexandri   (Universität   Politecnica  de   Catalunya,   Dept. 
d'Enginyeria Hidraulica, Maritima y Ambiental). 
Darnel   Sempere   Torres   (Universität   Politecnica   de   Catalunya,   Dept. 
d'Enginyeria Hidraulica, Maritima y Ambiental). 
Jordi Raso Quintana (Clavegueram de Barcelona, S.A.). 
Pere Malgrat Bregolat (Clavegueram de Barcelona, S .A.). 

In Mediterranean region, climatological factors make combined sewer 
overflows a major urban pollution problem that should be monitored and 
controlled. Some on line management solutions require the use of real-time 
models to forecast flows at the most sensitive points of the combined sewer 
systems. These models need high spatial and temporal resolution of the rainfall 
field that are not sufficiently reproduced by a conventional rain gauge network. 
Weather radar is introduced as a very useful tool for reproduce the spatial 
fields. This paper presents a case study where the use of rainfall estimates from 
radar images is compared against the use of a raingauge network in terms of the 
ability to predict sewer flows in an urban basin located in Barcelona. The 
results show that the use of radar data enables the combined sewer system 
model to improve the reproduction of observed flows, and they provide support 
for the idea that the spatial description of rainfall is a key problem in modelling 
events giving rise to combined sewer overflows. 

THE EXPERIENCE OF THE LIGURIA REGION IN THE EX- 
TREME EVENTS MANAGEMENT. 

G. Boni (1), A. Cavallo (1), L. Ferraris (1), P. Gollo (1), A. Romairone (1) 
and C. Versace (1) 
(1) Centro Meteo-Idrologico della Regione Liguria, CIMA - Environmental 
Monitoring Research Centre, University of Genova, Italy. 

In the past years many efforts have been spent in research for the realisation of 
reliable systems for flood prediction. The final purpose of this work is an enough 
early and efficient communication of the flood warning. Very often the research 
results in meteorological and hydrological prediction are cancelled by the weak 
link of the chain: the information transfer from the scientific community to 
ordinary people. In the past few years in Italy the Liguria Region attempted 
to produce an efficient system for flood prediction, exploiting the meet recent 
results in atmospherical and rainfall runoff modelling, and able to transfer, in 
the most efficient way, the metec-hydrological warnings to population living 
in regions characterised by a complex horography. Rainfall and meteorological 
fields produced by a high-resolution Limited Area model are analysed in order 
to define the basin classes for which the conditions are potentially hazardous. 
A discharge classification allows to link the water level in the river with a 
risk level and different actions to undertake. Once hazardous conditions has 
been noticed, warnings containing the risk level for each basin class are sent to 
local authorities. All these knowledges, described before, represent a real help 
to briefly transfer a clear message to the population, allowing a simple and 
efficient management of the flood risk. 
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THE NATURAL RISK SITUATION HALL 

S. Bovo (1), M. Rossino (2), M. Rava (2) 
(1) Regione Piemonte (To, I) (2)Consorzio per i Sistemi Informativi (To, I) 

The natural risk situation hall is an operative service, where all the environmental 
data measured by the regional network of ground stations (about automatic 160 
stations, plus about SO snow manual stations) and other non conventional data are 
collected (satellite and radar images, seismic network maps). All measurements are 
acquired in real time, with a maximum delay of 10 minutes. The measures related to 
the precipitation and river levels are directly comparable with the data observed 
during the past floods. A centralised informative system was initially set up to 
standardise the different messages and observed data and to manage them with 
homogeneous tools. Afterwards a monitoring system, operative for 24h /day, was 
implemented to follow the effects of heavy rain or snow precipitation hazardous 
events in the Piedmont Region. Some procedures turn the raw observed data into 
recommendations and messages for the authorised people devoted to alarm in case 
of extreme meteorological and hydrological events. The staff also perform statistical 
elaboration of the data, dissemination to a large set of users of scheduled and 
exceptional bulletins, regarding the meteorological situation and its forecast, snow 
and avalanches danger, hydrologic alarms, seismic activity on the region. The 
information delivery is carried out by fax, by telematic distribution (e-mail, internet, 
special connections); a telephone service is up to date every day. A very complex 
informative system supports the operative structure making available a data base 
that collects and archives all the data. Also display tools are studied on purpose -to 
allow a friendly fruition of heterogeneous data. 

THE EFFECTS OF FLOODPLAINS ON FLOODWAVES: AN ANALYSIS 
AND COMPARISON OF DIFFERENT MODELING TOOLS 

' Daniel Kull ETH Zürich, Carla Thoma ETH Zürich, Dr. Felix Naef ETH Zürich 
Institute of Hydromechanics and Water Resources Management, Swiss Federal 
Institute of Technology, Zürich, Switzerland, kull@ihw.lMum.etltz.ch 

In the aftermath of the floods of 1993 and 1995 on the Nahe River in Germany, 
questions were raised on the effects of floodplains on downstream flooding. As a 
result, mathematical simulation tools of varying complexities were tested and 
utilized in order to develop a simple method to quickly estimate floodptain retention 
properties. A parametric technique that modeled the flows in the main channel and 
the floodplains separately through a diffusion wave approximation was first applied. 
Although this simplified method used only channel properties averaged over entire 
reaches and was known to over-estimate floodplain retention, it provided a good 
general estimate of the influences of the floodplains and could be applied quickly. 
It was found that for the Nahe River, the floodplains provide negligible retention for 
floods with the volumes associated with the 1993 and 1995 events. For events of 
smaller duration and magnitude, thus lesser volume, the retaining capacities of the 
floodplains are greater. A l-dimensional unsteady flow (full dynamic wave) model 
was then applied. This yielded the same conclusions as the simplified parametric 
method, but also provided more accurate quantitative results. A simpler I- 
dimensional model, which modeled the floodplains and the main channel separately 
through the Muskingum-Cunge routing method, yielded similar results to the 
unsteady flow model. At the highest degree of complexity, 2-dimensional dynamic 
wave modeling provided more understanding into the reasons behind the lack of 
floodplain retention in the Nahe River. It could be seen that once there was an 
appreciable volume of water in the floodplains, it began flowing, thus transforming 
the floodplains into a moving body of water. Often, this flow would short-cut river 
meanders. Thus, although the water in the floodplains flowed slower, h traveled a 
shorter distance, thus arriving downstream at approximately the same lime at the 
floodwave in the main channel. The 2-dimensional model was also found to be 
advantageous in its ability to delineate the physical extent of flooding. 

ESTIMATING EXTREME DISCHARGE VALOES OF SMALL HATER CODRSES 
IN TRANSDAOTBIA/HUNGARx" 

M.Pornoho« and Gy.Kovacs (Research Centre for Hater Resources 
Development (VTTOXI), E-1453 Budapest, Pf.27. Hungary) 

On the basis of discharge data at 51 reliable gauging stations 
in the mountainous and hilly region of Transdanubia/Hungary (29,000 
lot2), simple empirical formulae and graphical methods have been de- 
veloped in order to estimate critical extreme discharges for un- 
gauged stream sections in catchment areas between 30 and 3000 km2. 

for estimating the flood discharge HO.31 of three per cent ex- 
ceedance probability, three different methods have been used: 

(a) Assuming the validity of Csermak's formula, HQ3%- B3, . A°<5 

the isoline map of the flood discharge coefficient 83% has been up- 
dated by using observation data of three decades. 

(b) In the generalized form the exponent n is treated as a free 
variable: 6*3% * C3», . AS. For each of the seven aubregions in Trans- 
danubia, the optimum value of the parameters Cß% and n has been de- 
termined. 

(c) Likewise in a grouping according to subregions a relation- 
ship between the quotient from flood discharge and mean discharge, 
and the catchment size Ag has been established. 

On the basis of a comparison of the results obtained by using 
these three empirical methods, it is recommended to use Csermak's 
formula preferentially in the future as well, taking the revised 
isoline map of the coefficient B31 into consideration. 

In Hungarian water resources management the channel forming low 
discharge Om is interpreted as the discharge pertinent to the point 
of inflection of the flow duration curve. For its estimation an em- 
pirical relationship has been used yielding the quotient from Qg and 
the mean discharge as a function of the catchment size Ag for the 
total area of Transdanubia. 

CALIBRATION OF A RAINFALL-RUNOFF MODEL USED IN 
FLOOD FREQUENCY ESTIMATION 

'R. Lamb 
Institute of Hydrology, Wallingford, Oxfordshire, OX10 8BB, UK. 

The calibration of a conceptual rainfall-runoff model, the Probability Dis- 
tributed Model (PDM), is described in the specific context of comparing flood 
frequencies estimated from simulated and measured flows. To reduce the di- 
mensionality of the calibration problem, routing store parameters were first es- 
tablished by recession curve analysis. A Monte Carlo procedure was then used 
to search for parameter sets that best reproduced observed flow data, where 
goodness-of-fit was assessed via four objective functions, designed to give dif- 
ferent degrees of weight to peaks in the flow time series. Examples are shown 
of the results of the numerical procedure, and of the benefit of manual pa- 
rameter adjustment to improve the 'simulated' flood frequency distributions in 
some cases. Results confirm that the primary aim, to achieve good flood peak 
predictions, is best served by using an objective function strongly weighted 
towards peak flows. However, other aspects of the flow regime are also consid- 
ered, as confidence in the modelling approach will be greatest when these are 
reproduced well. Finally, multivariate sensitivity analysis shows that there may 
be many possible acceptable sets of parameters, for any given measure of fit. 
Checks of flow duration curves may be useful in discriminating between these 
alternative calibrations. 

MAPPING FLOOD PLAINS FOR A BETTER RIVER MANAGEMENT 

N. Gendreau (1), P. Farissier (1) 
(1) Cemagref, Hydrologie-Hydraulique, Lyon (France) 
nicolas.gendreau@cemagref.fr; facs: +33 4 7847 7875 

Within the Floodaware European project, we propose a new flood plain 
management method based on the comparison of hydraulic information with land 
use information. The use and crossing of distinct information layers (of hydraulic, 
topographical and geographical type) argue for the use of a G.I.S. (Geographical 
Information System). However, in order to avoid the addition of a G.I.S. which is a 
complex and heavy tool, dealing with a large amount of complex data, to other 
essential software such as the topographical and hydraulic numerical models, we 
consider that a global geomatics model, having all the needed functions (from the 
flood management point of view), including the typical ones of the G.I.S., should be 
developed. The G.I.S. concepts and functions we propose are well enough in 
agreement with the map-making process of the flood plain management, but the 
current G.I.S. implementations require the development of complex interfaces 
which have to take into account the topographical and hydraulic tools used in this 
field. A better solution is to identify and to define a single type of basic geometrical 
object from the set of geometrical, geographical and hydraulic constraints. In this 
way, a single topographical data base is built, on which all main functions of G.I.S. 
are developed. These functions are integrated into the different cartographic and 
hydraulic modules, used to simulate the river flows. 

EFFECTS  OF RAINFALL DATA QUALITY ON FLOOD FRE- 
QUENCIES IN SIMULATED STREAMFLOW 

R. Lamb and A. Calver 
Institute of Hydrology, Wallingford, Oxfordshire, OX10 8BB, UK. 

Flood frequencies can be estimated by analysis of simulated flow data, gener- 
ated using a conceptual rainfall-runoff model. This approach to flood estima- 
tion, which is now receiving increasing attention as an alternative to event- 
based methods, avoids the problem of specifying antecedent conditions for a 
design event. Also avoided is the need to specify individual design storm depths, 
durations, profiles and return periods. Instead, measured or synthetic rainfall 
time series are treated as a continuous input. The potential effects of rainfall 
data quality are therefore an important concern, which is addressed in this pa- 
per. Flood frequency estimates derived from simulated flows will be presented 
for three contrasting catchments in the UK (one upland/rural, one urbanised 
and one with a permeable geology). In each case, recorded hourly rainfall and 
flow data have been obtained for long periods to allow calibration of the PDM 
rainfall-runoff model, with strict quality control procedures being applied to 
the rainfall data. Flood estimates from the simulated and measured flows are 
compared using peaks-over-threshold analysis. A common problem that may 
affect the flood frequency estimates is the presence of gaps in autographic rain- 
gauge records, which can be addressed using an in-filling technique. In-filled 
gaps were inserted at increasing frequencies into the quality-controlled hourly 
rainfall data to investigate the effects of reductions in rainfall quality, and com- 
parisons made across the three catchments. 
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Model and Spatial Database to Assess Design Peak Flow 
Rates in the Walloon Region (Belgium) 

LAIME (1), Prof. S. DAUTREBANDE (1) 
(1) Faculty Universitaire des Sciences Agronomiques de Gembloux, Units 

d'Hydraulique Agricole 
laime.s@fsagx.ac.be/Fax: +32-(0)81-62.21.81 

Managing and planning rural catchments require the setting up of efficient 
Hydrologie tools. To this end, the Unite d'Hydraulique Agricole of the 
Faculte" Universitaire des Sciences Agronomiques de Gembloux has 
combined a Geographic Information System, covering the whole Walloon 
Region, with the hydrologic model SWRRB-WQ, adapted to the Belgian 
conditions. 
Associating the model with the GIS provide us with geomorpho-hydrologic 
information, spatially distributed on the studied basins, as well as design 
flow rates and daily flow rates. Let us underline that soil moisture is one of 
the variables of the model SWRRB-WQ and that It has an Influence on the 
runoff rate, through a digital parameter: CN (curve number). The latter 
comes from the method used by the American Soil Conservation Service 
(SCS). Using the geographic database together with the model allows us to 
carry out a regional analysis which is linked to the catchment planning. 
Examples of simulation analyses show the effects of Karstic areas and the 
links between sub-bassins. 

CONVECTIVE «AINFALL MAPPING AND THEIR RELATIONSHIP 
WITH FLOODS IN CATALONIA (SPAIN) 

Maria-Carmen Llasat and Josep-Maria Montes, Department of Astronomy and 
Meteorology, University of Barcelona, Spain 

The main floods events produced in the West Mediterranean Area are related with 
high intensity rainfalls associated with convective systems. For this reason the 
identification between convective rainfall and high intensity rainfall is very usual, 
although it is not always correct After considerating the different points of view, the 
authors have proposed a new parameter, ß*, which allows classify the rainfall 
events between non-convectives, moderately convectives or highly convectives, in 
basis to the 5-minutes intensity. This parameter has been previously analysed using 
the long rainfall rate series 1928-1981 ofBarcelona. However, the objective of this 
paper is to show the application of this parameter as an index of the spatial 
convective distribution in Catalonia. This mapping has been made using the 5- 
minutes rainfall data from the SAIH (Automatic System of Hydrotogical 
Information) of the Internal Basins of Catalonia for the 1996 year. This system 
allows to have mfbrmation in real-time of 125 raingauges covering an area of 16000 
km2. The 1996 year was characterizated by the extraordinary number of pluviometric 
events and floods along all the year. These results have been compared with the 
mapping made using a climatic parameter ß and 30 years of monthly data. Finally, 
a conection between the damage events in the last years, the distribution of this 
parameter and the rainfall intensities have been made in order to estimate the main 
flood prone areas and to identificate the events with flood risk. 

AN INTEGRATED SYSTEM FOR MONITORING AND EMERGENCY 
MANAGEMENT OF FLOODS 

G. Mendicino and P. Versace 
Dipartimento di Difesa del Suolo, Universitä della Calabria, C.da S.Antonello, 
87040 Montalto Uffugo (CSV. Italy - menioe@ccuscl .unical.it 

The need of hydrological modelling supported by well-developed monitoring 
systems appears more and more essential in the light of flood events occurred over 
the world in the last decade. Simulation models can be considered as preventive 
tools for flood hazard and risk evaluation. Only their integration with real time 
monitoring system lets solve those "rapid" problems regarding the assessment of the 
general flood situation and identify areas at greatest risk and in need of immediate 
assistance. 
In this paper an integrated real time flood forecasting system realised on an 
urbanised basin in southern Italy, frequently interested by extreme flood events, is 
described. 
The system is developed in four main modules, respectively: of acquisition and 
analysis of the real time rain and water level information given by the telemetering 
gauges; of calibration of the parameters of the rainfall-runoff transformation model; 
of forecasting of future rainfall based on stochastic point model; of simulation 
(deterministic and stochastic) of flood levels at critical points of the basin. 
Such modules are integrated within the system with the aim of guaranteeing a 
continuous procedure between hydrological information directly measured on the 
basin and that ones obtained through forecasting procedures. 

INUNDATION MODEL FOR FLOODPLAIN ANALYSIS 

S. PagliaraW, F.Meneguzzo(2) 

0)Dip.to di Ingegneria Edile, Idraulica e del Territorio - University of Pisa - Italy 
V.Gabba,22 56100 Pisa-Italy, email: pagliara@cdc.it 

@)F.M.A. - Applied Meteorology Foundation 
Via Einstein 35/B, 50013 Campi Bisenzio (FIRENZE) - Italy 

The paper describes the use of a two dimensional unsteady flow hydraulic model 
that implements the complete De Saint Venant equation for floodplain simulation. 
Aim of the work is to investigates flood inundation due to overtopping or break of 
levees-accounting for the presence, in the inundated plan, of banks (like streets and 
railways) and of a network of drainage channel. 
Simulation of hypothetical and one real floodplain illustrates the potentiality of the 
model to account for the microtopography, changes in the roughness coefficient and 
presence of urbanized areas. 
Such a model is usefull for planning and civil protections plans. 

FLOOD MODEL VALIDATION USING SAR IMAGERY 

Matthew S. Horritt 
Environmental Systems Science Centre, University of Reading, UK 
msh@mail.nerc-essc.ac.uk 

2-dimensional finite element hydraulic models of floodplain flow have 
previously only been validated and calibrated against point 
hydrometric data, whereas the distributed nature of the models is 
more compatible with validation against distributed data. Flood maps 
derived from satellite SAR imagery via a semi-automatic image 
processing scheme are used to calibrate floodplain friction coefficients 
of a 2-D hydraulic model of a 14km reach of the river Thames, UK. 
Issues such as assimilation of topographic information and the 
associated errors in model predictions are addressed, in order to direct 
future surveying and modelling strategies. As more validation data 
becomes available, validation and calibration against SAR derived 
flood maps will enhance the predictive capability of these flood flow 
models. 

USING GIS AND AERIAL PHOTOGRAPHS TO DETERMINE THE 
WATER LEVELS DURING FLOOD 

C. Puech. D. Raclot 
LCT Laboratoire Commun de tSledetection CEMAGREF ENGREF 
500 rue J. F. Breton, 34093 Montpellier Cedex 5. France 
Christian. Puech@teledetection.fr / Tel (33).4.67.54.87.45 

To map water levels in case of large floods, it is proposed to manage by GIS the 
great number of information extracted from aerial photographs. Our method is 
developed in 3 points: 1) segmentation of the flood plain in sectors with acceptable 
mean water depth, based on geographical limits and size criteria. 2) determination of 
minimum and maximum depth for each sector, based on the emergence or not of 
natural objets (vegetation, dikes ...). 3 ) amelioration of the estimation of the water 
depths, using all observed hydraulic connections between sectors (cracked dikes, 
flows ...). This amelioration is done solving a constraint system linking the different 
water levels estimated in 2). Application concerns Herault River for the November 
1994 flood, with aerial photographs taken 6 hours after the maximum of flood. 
Results give good determination about water levels, the lateral dynamic behaviour 
of flood (1,5 m of difference in levels between centre and edges of plain), and the 
impact of dikes. These results are obtained without introducing neither general 
hydraulic equation nor local head losses coefficient. The great number of fuzzy 
information, compensate for the low quality of each one. 
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URBAN DEVELOPMENT AND FLOOD HAZARD 

F. Siccudi (CIMA-Environraental Monitoring Research Centre, University of 
Geneva, Via Cadoma, 17100 Savona, Italy) 

Flash floods are a typical feature or the southern Europe Mediterranean coastline: 
they designed the morphology of the terminal floodplains of roe many small and 
medium size torrents dissecting the rugged orography of the Mediterranean slopes 
of the Pirineos, Alpes Maritimes and Appennincs. The urban development of the 
floodplains, staring from the Roman Empire colonization, was definitely unaware of 
the flood processes: the braided rivers used to drain during the flood season' the 
alluvial plains were trained to a unicursal bed all along the Mediterranean arch. A 
few «camples are presented, from the Middle Age to the .present, of the urban 
development leading to the present high frequency of disastrous events. The effect 
of the railway extension along the coastline during the past century is analyzed. The 
expansion of coastal cities in the present century on the northern arch and their 
explosive growth in last decades in the eastern part, in Turkey and Syria, created the 
conditions of making the flash flood hazard one of the most demanding all along the 
Mediterranean coastline. 

Organic matter content in soil results from the balance among primary productivity 
and leaflitter production, leaflitter decomposition, and abduction by rainfall events. 
The loss of wooded areas because of unwise management or natural accidents can 
condition this balance. Fires are particularly effective in causing vegetation 
destruction and soil exposure; moreover fires have some marked effects on physico- 
chemical characteristics of soil, since destroying organic matter in surface layers 
they alter permeability, porosity, aggregate stability and then «odibility of 
hillslopes. Surface runoff is also increased. Burnt areas of a small Ligurian river 
basin were identified over a period of IS years, from 1982 to 1996. Recovery rate of 
vegetation cover and restoration of the original organic content and then of biotic 
control over credibility in burnt areas were evaluated at the local scale. 
Decomposition tests and collection of leaves by traps to measure leaflitter 
production were also performed. Experimental evidence suggests that non-linear 
interaction between forest fire processes and extreme rainfall processes in small 
semiarid Mediterranean watersheds could leave to irreversible local desertification 
conditions. 

ESTIMATION OF FLOOD PRONE AREAS IN A RIVER PLAIN BASED ON 
CONVENTIONAL AND LASER-SCAN DEVELOPED DIGITAL 
ELEVATION MODELS (DEM) 

Carla Thoma ETH Zürich, Daniel Kuli ETH Zürich, Dr. Felix Naef ETH Zürich 
Institute of Hydromechanics and Water Resources Management, Swiss Federal 
Institute of Technology, Zürich, Switzerland. thoma(2 ihw.baum.ethz.ch 

Flood risk maps provide an overview of the areas threatened by possible flooding. 
The delineation of these at-risk areas is often a controversial issue. It was thus 
desired, through the testing of different methods, to develop a reliable tool for 
estimating the extent of possible flooding. This analysis was performed on the Nahe 
River (Rheinland-Pfalz. Germany), which experienced large floods in 1993 and 
1995. A digital elevation model (DEM) with a 20 m horizontal resolution was 
already available for Rheinland-Pfalz. In addition to this', a short reach of the Nahe, 
between the villages of Martinstein and Sobemheim, was surveyed using an 
airplane-mounted laser scanner. This yielded a DEM with a 2 m horizontal 
resolution. Based on these two data sets, the first attempt to simulate the flooded 
areas from the 1995 event involved the utilization of a 2-dimensional unsteady flow 
model. As would be expected, the enormous quantity of data in the DEMs caused 
these simulations' to be extremely time consuming. To develop a less time-intensive 
method to delineate flood-prone areas, two different planes representing the water 
surface elevations of the Nahe at a specific flow were created through the GRASS 
geographic information system (GIS). One was based on a constant water depth in 
the main channel at the upstream and downstream ends of the modeling reach, thus 
resulting in a plane of constant slope. The other plane was based on the flood 
simulation results of a I-dimensional unsteady flow model. This provided a profile 
of water surface elevations throughout the reach, which was transformed into a non- 
constant plane. The areas under these two planes were considered to be flooded. In 
comparison to the 2-dimensional modeling, this method of overlaying previously 
computed water surface elevation planes on a DEM involved considerably less time 
and was easier to apply. The results of this method were comparable to those from 
the 2-dimensional model. 

DELFT FLOODING SYSTEM: TWO-DIMENSIONAL HYDRODYNAMIC FLOODING 
SIMULATION. A POWERFUL TOOL FOR LANDSCAPE PLANNING AND RISK 
EVALUATION 

G.S.Stelling, H.W.J. Kernkamp and M.M.Laeuzzi 
WL | Delft Hydraulics, Delft, The Netherlands 
marcela.laguzzi@wldelft.nl / Fax: +31-15-2858582 

The at Delft Hydraulics recently developed 2D-hydrodynamics prediction 
package Delft-FLS, is specially suited to simulate the dynamic behaviour of 
overland flow over initially dry land, the influence of existing or future 
infrastructure, as well as flooding and drying processes on every kind of 
geometry, including lowlands and mountain areas. A robust numerical scheme 
allows for the correct simulation of sub-critical and supercritical flow. Internal 
boundary conditions are included to simulate dam-break / dike-break events. It 
can be coupled to a one-dimensional model in order to give more details where 
needed, speed computations and facilitate the study of flood events on natural 
river basins, polders, channel-networked regions and urban areas. This package 
provides a reliable prediction of the hydrodynamics of flooding events 
extremely necessary when dealing with disaster management, evacuation plans 
and flooding damage assessment. These predictions can be also used during 
landscape, infrastructure and urban planning phases as well. 

THE FLOODING PROBLEM OF SPERCHIOS RIVER BASIN (GREECE). 
A STUDY, USING THE NUMERICAL MODEL MIKE 11 

Ierotheos Z. Zacharias & Nikos Th. Skoulikidis 

National Centre for Marine Research, Institute for Inland Waters 
Agios Kosmas, 166 04 Elliniko, GREECE 

This work is an introduction to a procedure used for the numerical simulation of 
Sperchios river basin. In this procedure MIKE 11 model has been used, as the 
most reliable model in river modelling. The water management of Sperchios river 
basin requires a large number of measurements and prediction of future situations 
like flooding. This research contains collection and consideration of all available 
measurements and estimation of the water quantity of the river basin. In this paper 
a number of runs from Sperchios River hydrodynamics are presented and two 
different scenarios for better understanding and integrated management of 
flooding discharges are analysed. In the first scenario it was approved numerically 
that the existing channel is not able to receive the 50-year sequences discharges. 
The result is the flooding of the river basin. The simulation shows numerous 
points were construction has to be made, to safeguard the riverbanks. In the 
second scenario has been approved numerically that the current situation of 
Sperchios river network without any other construction, can solve the flooding 
problem of Sperchios. 

NH2 Meteorological    and    hydrological    hazards 
(co-sponsored by HS) 
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Convener: Sorriso-Valvo, M. 
Co-Convener: Versace, P. 

Sponsorship:   CNR (Consiglio Nazionale delle Ricerche), Universita 
della Calabria 

ROCKFALLS ON THE Nl fflGNWAY IN LA REUNION ISLAND 
(FRANCE): HAZARD EVALUATION FROM RAINFALL 

P. Alfonsi, J.-L. Durville 
Laboratoire Central des Ponts et Chaussees, Paris 
durville@lcpc.fr/Fax : 33 1 4043 65 16 

The 12 km coastal N°l highway in La Reunion (Indian Ocean) is 
frequently hit by rockfalls which cause many accidents. The road is 
located at the toe of a cliff, typically 150 m high, of alternating stratas of 
basalt and volcanic tuff. The blocky nature of the basalt and the 
erodability of the tuff result in numerous falls (about 100 a year), mostly 
triggered by rainstorms (annual precipitation : 1 to 2 m). More man four 
years of data (every two hours) are at our disposal : rainfall (three 
locations) and record of pieces of rocks found on the road by a 
dedicated team. 
Different statistics about rockfall occurrence have been made : 
distribution according to the month, or the section of road, volume per 
event, etc. The correlation between rockfalls and precipitations is obvious 
when seen at a monthly scale, but is difficult to quantify at a daily scale. 
One could roughly say that only half of the falls are clearly related to 
rain events. Different thresholds of rainfall per day have been tested, 
combined with several time delays between a rain event and a rockfall. 
This kind of analysis can be used for a traffic regulation : the road can be 
partially closed to traffic when some precipitation criteria have been 
exceeded. 
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THE EFFECT OF LAND ABANDONMENT ON SOU WATER 
BEDISTRIBUTION AND PREFERENTIAL FLOWPATHS ON 
SHALLOW LANDSLIDE INITIATION. 

1..P.H. van Beck (1) and LX. Cammeraat (2) 
(1) Dept. of Physical Geography, University of Utrecht, (2) Dept of Physical 
Geography and Soil Science, University of Amsterdam 
L.RCammeraat@frw.uva.nl/Fax: +31-20-5257431 

The occurrence of shallow landslides is a common process in the basin of the 
Riu Serpis (SE Spain). Because of the extent of the affected area, shallow 
landslides are the dominant form of hillslope erosion in this marly area and 
threaten the productivity of the bench-terraced agricultural lands and semi- 
natural slopes. The biological activity caused by the revegetation following 
abandonment results in an improved storage capacity of the topsoil. At the same 
time, the presence of macropores -preferential flow paths of water, possibly 
connected to shallow slide planes- shortens the response time of the soil mass to 
reach critical pore pressure conditions. Therefore, under given rainfall 
conditions, a larger area will be prone to landsliding after abandonment This 
hypothesis that abandonment increases potential landslide activity, was 
investigated by rainfall simulations at locations with different land use 
conditions. Broad scale rainfall simulations with automated soil water dynamics 
monitoring (TDR) and tracer applications, and additional small scale 
experiments, were carried out on several terraces which were under culture or 
were abandoned for different periods. Infiltration patterns in the soil were 
measured, to study the heterogeneity in infiltration under plants and to study 
preferential flowpaths of water, which might be connected to shallow slide 
planes. Differences in general infiltration velocities were found under various 
types of vegetation, related to land-use history. On all plots with semi-natural 
vegetation, deep penetrating preferential flow along continuous macropore 
systems was observed and the heterogeneity of infiltration patterns and 
preferential flow paths were found to be more important on terraces which were 
longer abandoned. 

ANALYSIS OF TOPOGRAPHIC  CONTROL ON SHALLOW LANDSLIDING 
USING A QUASI-DYNAMIC WETNESS 

M. Boreafl). E. Frank(l) and G. Dalla Fontana 
(1) University of Padova, AGRIPOLIS, via Romea, 35020 Legnaro, Padova, Italy 
mborga@agripolis.unipd.it 

A model for the analysis of topographic influence on shallow landslide initiation is 
developed and applied to a mountain experimental basin where high-resolution digital 
elevation data are available: the Cordon catchment (5 km2), in north-eastern Italy. The 
model builds upon a theory for coupled shallow subsurface flow and landsliding of the soil 
mantle previously proposed by Montgomery and Dietrich (1994). The model uses a 'quasi- 
dynamic' wetness index to predict the spatial distribution of soil saturation in response to a 
rainfall of specified duration. The rainfall predicted to cause instability in each topographic 
element is characterised by duration and frequency of occurrence. This provides a practical 
way to identify the relative potential for shallow landsliding. Furthermore, this approach 
provides a theoretical link between methods based on intensity-duration thresholds and 
explicit, physically-based models of slope instability. An inventory of landslide scars is used 
to document sites of instability and to provide a test of model performance by comparing 
observed landslide locations with model predictions. It is found that the model reasonably 
reproduces the observed distribution of landslide locations, although spatial variability of 
soil properties and hydrotogic complexities not accounted for by the model complicate 
prediction of where landslides occur within areas of similar topographic control. 

HAZARD ASSESSMENT FOR RAINFALL-TRIGGERED 
LANDSLIDES 

RN Chowdhury (1). P Flentje (2) 
(1) & (2) Department of Civil, Mining & Environmental Engineering, 
University of Wollongong, Wollongong. NSW, Australia 2500 Fax +61- 
2-42213238 

Hazard and risk assessment for landslides may be carried out in a number 
of ways. The selected procedure may include formal analytical 
approaches, deterministic or probabilistic. However, less forma! 
approaches, often used in prucuce, include considerable reliance on 
experience and engineering Judgment. This paper is concerned with 
aspects of assessment based on observational procedures and data. 
Attention Is devoted to the main hazard and risk requirements for the 
development of such procedures. 

Historical records of landslide activation and reactivation may be available 
in some areas along with rainfall records. From such information and 
data |he past frequency of landsliding can be assessed and conclusions 
can be drawn about the expected probability of landsliding in a temporal 
sense. However, such information is often limited and subject to 
significant uncertainties. 

A modem approach based on observations at instrumented sites am be. 
more useful and reliable in estimating the hazard of rainfall-triggered 
landsliding. Data from inclinometers and piezometers can be related to 
rainfall data. Periods of Peak subsurface shear movement as well as 
accelerating shear movement can be identified. Recendy an innovative 
approach has been developed to study the relationship between antecedent 
rainfall and significant episodes or periods of shear movement. The most 
significant antecedent rainfall period for a rauticular area or region can be 
assessed from such studies. The method has proved very useful for 
shallow landslides which are often self-stabilismg in character. The 
method tJso has potential for study of rainfall-triggered debris flows. 

EVENT-INDUCED CHANGES TO LANDSLIDE 
TRIGGERING THRESHOLDS 

M.l.Cmzfer (1), N. J. Preston (2) and S. Brooks (3) 
(1) School of Earth Sciences, Victoria University of Wellington, (2) 
Institute fur Geographie, University of Bonn, (3 Department of 
Geography, University of Bristol 
MichaeLCrozierQviiw.ac.nz 

Rainstorm-triggered landslide events alter terrain conditions sufficiently to 
affect susceptibility to future landsliding. In one hill country catchment 
changes to inherent resistance (measured by the factor-of-sa&ty) resulting 
from a major event indicate, in future, small triggering rainstorms would 
be more affective in producing landslides while moderate to large storms 
would be less affective. The mechanisms responsible for changes in 
inherent resistance include mass movement induced redistribution of 
regolith, changes to regolith properties, changes in regolith depth and die 
development of unsupported erosional scarps. The influence of these 
mechanisms on susceptibility of typical slopes has been investigated and 
quantified by the use of a combined hydrological slope stability computer 
simulation model. The net effect is expressed in terms of time to failure 
and total rainfall required to trigger movement 

RECOLITH EVOLUTION AND THE CONTROL OF SHALLOW TRANSLATIONAL 
HILLSLOPE FAILURE: USE OF A1-DIMENSIONAL COUPLED SOIL HYDROLOGY- 
SLOPE STABILITY MODEL 

SJrsati (1), M. Crazier (1,2) and N. Preston (2,3) 
(1) Department of Geography, University Road, Bristol BS8 ISS, UK, (2) Research School of Earth 
Sciences, Victoria University, Wellington. New Zealand, (3) Geographische Institut der Universität 
Bonn, Meckenheimer Allee 166, D-53115 Bonn, Germany 
iusan.lnooks@bristol.ac.uk 

Recent advances in physically-based modelling now enable highly detailed 
investigation of hydrological conditions at the time of failure, particularly for 
shallow transtational failure. Modelling is a non-invasive technique and provided 
adequate parameterisarion and validation data are available it is possible to apply the 
2-dimensiona! coupled soil hydrology-slope stability model to a variety of research 
problems. Available models produce high resolution information in both time and 
space, enabling detailed rainstorm data to be included for soil profiles which are 
highly differentiated in terms of geotechnical and hydrological behaviour. One of 
the main advances has been in investigating die ways in which temporal evolution 
of regolith over Holocene timescales has altered the probability of shallow 
translational failure. In New Zealand slopes have been stable during much of the 
early part of the Holocene. Recent anthropogenic activity, mainly involving 
deforestation, has resulted in a phase of progressive regolith stripping. Following 
initial failures in which about 25 percent of the regolith is stripped from the slope, it 
has been suggested that the removal of the remainder is somewhat more difficult as 
thresholds for instability rise. However, extreme rainstorms are still capable of 
initiating slope failure. A phaso of reduced stability then occurs as regolith is 
»deposited at the slope base, having modified hydrological and geotechnical 
behaviour. Application of physically-based models to this sequence of regolith 
stripping and evolution has broadly supported these conclusions. Importantly, model 
results have also permitted identification of appropriate climatic thresholds for slope 
failure for these different phases, and have shown how the hydrological controls on 
slope instability have altered over time. 

NUMERICAL SIMULATION OF FLOW LANDSLIDES 

Ernest V.Kalinin. Svetlana V. Zerkal 
(Moscow State University, Russia) 
leili@voznes.geol.msu.su 
NH2: Meteorological and hydrological hazards 
05 Shallow landslides and rainfall triggering 

Flow landslides which get formed as a result of intensive precipitation 
constitute slope deformations in the form of viscous-plastic ground flow. For 
the numerical simulation of flow landslides movement a hydraulic model was 
used which before had been successfully used to describe snow avalanches 
and mud flows. In the mathematical model of the flow landslides use was 
made of specified relations which describe friction of soils and portray the 
peculiarities of the landslides movement. The numerical simulation of the flow 
landslides movement allows one to calculate the speed and the speed vector 
direction of the landslides at any point of the slope and to obtain the 
configuration of the landslides tongue in the plan and at arbitrary moment of 
time. 
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RAINFALL-TRIGGERED DEBRIS AVALANCHES IN THE MOUNTAINS OF 
BRITISH COLUMBIA, CANADA 

Evans, S.G.(l) and Hungr, O. (2) 
(Ideological Survey of Canada (2)University of British Columbia 
evans@gsc.nrcan.gc.ca 

Debris avalanches, or open-slope debris flows, are extremely rapid catastrophic 
landslides which are triggered by heavy rains. Long triangular scars are commonly 
observed on aerial photographs of British Columbia forested steeplands on both 
logged and unlogged slopes. Since 1956 numerous debris avalanches have been 
documented on steep mountain slopes in British Columbia wher they have caused a 
number of deaths as well as substantial damage to property and the forestry resource. 
Debris avalanches can occur on slopes where there is no evidence of previous 
instability. Landslide volumes are generally the range 20,000 - 60,000 cu. m. Debris 
avalanche paths may exceed 500 m in length but involve only a very thin veneer (less 
than 2 m) of surficial materials. Based on eye witness accounts, the velocity of debris 
avalanches commonly exceed 10 m/s. A dynamic analysis of the 1990 Belgo Creek 
debris avalanche (estimated volume 23,000 cu. m) event indicated local velocities of 
as much as 20 m/s. Undrained loading may be an important mechanism in the 
development of debris avalanches and contribute to their high velocity. The behavior 
and occurrence of debris avalanches is to be contrasted with channelised debris flows 
which are generally recurrent in a given watershed and in which the velocity rarely 
exceeds 7 - 8 m/s. 

MODELLING AND TRIGGER MECHANISMS OF SOIL SLIPS 

O. Gullä(l) 
(l)CNR-IRPI -Rende-Italy 
gulla@area.cs.cnr.it/Fax: +39-984-837382 

The available studies concerning soil slips triggered by critical rainfalls, in addition 
to a complex picture of knowledges, they point out that these surficial slope failures 
frequently determine unacceptable risk thresholds. As regards the spatial forecast, 
whereas it is clear the role of some predisposing factors (slope angles, cover 
thickness, etc.), to others (local variation of the pluviometric input, geotechnical 
parameters, etc.) the knowledge picture is less clear. Relatively to temporal 
forecast, are sufficiently consolidated some indications relative to the characteristics 
of the rain able to trigger shallow failures in the slopes; less clear are, on the 
contrary, the relationships between local and mean characteristics of the rainfall 
events. Therefore, as regards the mechanisms that govern soil slips initiation, the 
pluviometric conditions can play a double role: factor of trigger, factor that 
predispose the location. It follows the importance of the models that simulate the 
infiltration process of the rains into the shallow layers of soil, and the suitability to 
verify their potentialities. This type of investigation is carried out referring to some 
simple geotechnical schemes, inferred from the literature, and to some of the 
utilizable calculus codes. In particular, referring to the same pluviometric input and 
to the same physical parameters of the soil, it is shown the influence of the calculus 
codes in the evaluation of the pore pressures distribution in the upper layers of soil. 
Then, referring to a specific calculus code, it is shown the variation of the pore 
pressures distribution in relationship to rainfall conditions and physical parameters 
of the soils. Finally, the results altogether achieved allow to outline a possible 
methodological approach for the study of the soil slips, and they point out some 
searches necessary to typify contexts geo-environmental homogeneous with respect 
to the considered instabilities. 

MODELS OF ANTECEDENT RAINFALL AND SOIL WATER STATUS 
APPLIED TO DIFFERENT REGIONS IN NEW ZEALAND 

T. Glade 
Geographisches Institut, Universität Bonn 
thomas@slide.giub.uni-bonn.de/Fax:+49-228-739099 

Shallow rainfall-triggered landslides constitute a threat to population and 
environ-ment, as well as to infrastructure and industry in New Zealand. Models were 
deve-loped in the 1980'S relating landslide occurrence to rainfall. These models range 
in complexity from a simple analysis of daily rainfall to a comprehensive 
consider-ation of antecedent soil water status using a water balance approach. The 
latter approach uses as input daily climatic parameters (rainfall, temperature, 
evapotrans-piration) and soil characteristics (depth, porosity, texture, soil moisture 
capacity). In this study, the antecedent soil water status model is further refined by 
incorporating data on regional soil characteristics and drainage conditions. The model 
has been applied to three New Zealand regions using rainfall timeseries dataover 
periods ranging from 52 to 63 years. The analysis differentiates between 
non-triggering and landslide-triggering precipitation conditions. Probabilities of 
landslide initiation are associated with given rainfall magnitudes within each region. 
Spatial differences were identified, indicating variation in the landslide triggering 
response to comparable rainfall magnitudes. Factors influencing these differences 
include geology, climate, topography, and land use. Also of importance is the nature 
and reliability of recording procedures and landslide precedence. Calculated regional 
rainfall thresholds for landslide occurrence have the capability to be used as predictive 
indicators within landslide warning systems. 

FEEDBACK EFFECTS OF RAINFALL-TRIGGERED SHALLOW 
LANDSLIDING 

N.J, Preston 
Geographisches Institut, Universität Bonn 
nick@slide.giub.uni-bonn.de 

Rainfall triggered landsliding is a common and widespread phenomenon in New 
Zealand, following extensive deforestation within the last century. Spatial variation 
in the relationship between rainfall and erosional response is recognised for a 
number of regions. However, the rainfall/erosional response relationship established 
for a given region shows a tendency for temporal variation. This variation can be 
attributed to mechanisms described as "ambient filters" and "event resistance", 
which operate as a result of successive landsliding episodes. 
This temporal variation in susceptibility to landsliding lias been investigated by 
comparing the stability conditions of a catchment on 4vo historical occasions 23 
years apart. Changes in relative susceptibility are interpreted as an alteration in the 
relationship between rainfall input and landslide response. A refined process model 
for landslide occurrence is presented, incorporating feedback loops resulting from 
the occurrence of the landsliding process. Results are also used for an initial 
calibration of a proposed model of landform relaxation. This model describes the 
development of and changes in catchment susceptibility to landsliding following 
significant environmental change and progressive erosion of the catchment. 

A CELLULAR AUTOMATA MODEL OF THROUGH FLOW IN A POROUS 
SOH. FOR SHALLOW LANDSLIDE FORECASTING 

S. Di Gregorio (1), R. Rongo (1), M. Sorriso-Valvo (2), W. Spataro (1) 
(1)   Univ. Delia Calabria,  Dip. Di Matematica, Arcavacata, 1-87036 e-mail 
toti.dig@imical.it (2) CNR-IRPI, 1-87030 Roges e-mail sorriso@irpi.cs.cnr.it 

Parallel computing models represent a valid alternative to standard methods with 
differential equations in modelling complex phenomena. Cellular Automata (CA), a 
paradigm of parallel computing, permits such an alternative approach for modelling 
and simulating complex systems, whose evolution can be described in terms of local 
interactions of their constituent parts. When the basic laws of continuum mechanics 
cannot be directly applied without adding phenomenological assumptions, and the 
equation systems are not amenable to analytical solution, direct discrete modelling 
may represent a convenient alternative to the use of continuum models, followed by 
numerical discretisation. Water infiltration on a soil can be viewed as a phenomenon 
based on local interactions; the equation governing the flow cannot be easily solved 
without making substantial simplifications. Particular complexity arises for the soil 
composition and irregular ground topography. In this paper we describe a 
macroscopic CA model for simulating the water infiltration in a 2-layer slope model. 
The model assumes the upper layer of the soil as initially non-saturated and 
inhomogeneous, while the lower layer is impermeable. It describes the water 
infiltration and groundwater retention. Transformation of water storage into neutral 
pressure requires an ancillary computation code. Applications are performed on an 
ideal slope using' different rainfall intensity and duration. 

HYDROLOGIC THRESHOLDS FOR SHALLOW LANDSLIDES IN 
MOUNTAIN WATERSHED: A SPATIALLY DISTRIBUTED SIMULATION 
ANALYSIS 

MC. Rulli. G. Menduni and R. Rosso (Hydraulic, Environmental & Surveying 
Engineering, Politecnico di Milano, 32 Piazza L. da Vinci, 1-20133 Ml, Italy). 

The spatially distributed approach provides an insight of hydrologic factors of 
shallow landslides triggered by extreme rainfall events. For the purpose, we 
developed a fine resolution grid model of basin surface including a detailed soil 
characterization. The soil model includes the infinite slope stability equation, 
hortonian infiltration, weight of vegetation cover and root strength. The model 
provides the safety factor for each element at any time step as the representative 
index for slope instability as produced by a given rainfall hyetograph. We used this 
model to investigate slope dynamics for a small mountainous catchment in the 
Versilia watershed, NW Tuscany, Italy. Fine resolution soil and storm data allow to 
investigate the effects of temporal and spatial scales in the mathematical 
representation of complex physics. It is seen that one can reproduce the observed 
slope dynamics only if a high spatial distribution is adopted. Accordingly, the spatial 
distribution of estimated safety factor is capable of reproducing that of the mass 
movements occurred during the flood event. Further simulations using syntetic 
hyetographs can help evaluating hydrologic thresholds for shallow landslides in the 
catchment. Preliminary analysis of simulations indicates that the extention and 
spatial distribution of critical values of the slope instability index depend on the 
return period of total rainfall depth in a storm. This could perspective^ allow to 
evaluate hydrologic thresholds for shallow landslides based on climate, soil and 
topography characterization. 

C470 



LANDSLIDES TRIGGERED BY THE HEAVY RAINFALL ON 

JULY 1997 IN THE CZECH REPUBLIC 

J. Stemberk. J. Rybäe, J. Suchy 
Institute of Rock Structure and Mechanics, Academy of Sciences, 

V Holeäoviekäch 41,182 09 Praha, Czech Republic, 
stemberk@Alpha.irsm.cas.cz 

On 4 - 9 July 1997 a heavy rainfall event heavily affected the eastern 
part of the Czech Republic. During 5 days the precipitation exceeded 
about 400 - 500% the long-term normal, with maximum 617 mm/5 
days. Large areas were affected by slope instability. A several 
hundreds landslides were registered during this event. The roads, 
buildings and main railways were damaged in many places. 

Landslides were concentrated particularly in the region of the 
Carphatian Flysh, especially in the territory where a claystone 
formations predominate. Most of landslides had a short and 
dangerous evolution. In many cases the old landslide bodies were 
reactivated. The earthflows and stream-like landslides predominated. 
In the contribution the first results of landslide inventory and analyses 

are demonstrated. 

The Effect of Rainfall on Landslide Triggering in 
Northern Israel: an Example of Slope Instability 
in     an     Active     Seismic     Environment. 

Daniel   Wachs and Gilles H. Wust 
Geological   Survey  of  Israel,   95501   Jerusalem,  Israel 
(hillel@mail.gsi.gov.il) 

Abundant seasonal rainfall combined with steep unstable 
slopes and a high level of current seismic activity contribute 
to increase the vulnerability of populations and of 
infrastructures in northern Israel as well as in neighboring 
areas. Understanding the effects of rainfall on the present 
non-seismic activity of unstable slopes is the key to further 
predictions of their potential co-seismic behavior. A multi- 
parameter monitoring project was undertaken over a period 
of 24 months on a dip-slope landslide. The present aseismic 
slip rate and deformation were quantified using five 
parameters: rainfall, water table level fluctuation, radon 
emission, surface and subsurface displacement. Results show 
that intense and irregular rainfall followed by a rapid 
recharge of the water table have little influence on the 
activity of the landslide whose slip surface is permanently 
located below the water table. This explains why past seisTmc- 
triggering   of   landslides   also   occurred   during   the   dry   season. 

RETURN  PERIOD  ASSOCIATED  TO  RAINFALL THRESHOLD FOR 
LANDSLIDE TRIGGERING 

P. Versace, G Iiritano (Dipartimemo di Difesa del Suolo, University of Calabria, 
Italy) 
B. Sirangelo (Dipartimemo di Ingegneria Civile, University of Salerno, Italy) 

The analysis of landslides triggered by rainfalls Is based on the hypothesis that the 
behaviour of the hillslope can be assumed as stationary. In such case, it is possible to 
define some rainfall threshold for the triggering of the slide movement Usually the 
threshold is defined on a filtered process, called mobility function, defined as a 
convolution between the rainfall intensity in the past and a filter function, 
characteristic of the landslide studied. In the paper an analysis of different landslides 
characterised by single or multiple movements in the Southern Italy is carried out 
Particularlv the difference among the various filter functions is studied, higlighting the 
different behaviour of landslides characterised by a rapid or a slow reaction to the 
rainfall input Moreover the attention is focused on the variation of the return period 
associated at the rainfall thresholds These latter are evaluated, for different 
durations, by assessing the minimum constant rainfall able to produce the attainment 
of the mobility function threshold In such way, the dependence of the critical 
rainfalls on the duration is investigated. The return periods of these critical rainfalls 
are evaluated by a statistical analysis of the extreme rainfalls The statistical 
distributions employed for the assessment of the return periods, are different 
according to the duration considered. For short duration (some days) distributions 
highly skewed are assumed, while for the rainfall accumulated on long period (of 
some' week) distributions less skewed are preferred 

HSA5        Open session on hydrology and surface 
hydrological processes 

Convener: Kiely, G. 
Co-Convener: Bormann, H. 

SMART? MODEL APPLICATION TO TWO FORESTED CATCHMENTS IN 
FINLAND: EFFECTS OF EMISSION REDUCTION SCENARIOS 

J. Ahonen and K. Rankinen 
Finnish Environment Institut, P.O.Box 140, FIN-00251 Helsinki, Finland 
johanna.ahonen@vyh.fi/Fax: +358-9-40300390 

SMART2, a revised version of the dynamic soil acidification model SMART, was 
tested at two forested catchments in Finland. The catchments belong to the netwoii of 
Integrated Monitoring Programme. A forest growth routine and a more detailed 
description of nitrogen processes in soil have been included in SMART2. The aim of 
the study was to calibrate the model to two different datasets derived from the 
catchments with different characteristics and to compare the model behavior and 
applicability in them. An other objective was to predict the long-term effect of 
atmospheric deposition, originated from athropogenic sources, on soil and runoff 
water, giving different see- narios of future deposition of sulphur and nitrogen. The 
emphasis was put on studying the acidifying effects of the deposition on soil and 
runoff water. Also the relation between nitrogen mineralisation and forest growth, and 
nitrogen leaching to surface waters were studied. The volume of the forest had a great 
impact on nitrogen prosesses. The scenario runs showed a decline in soil base 
saturation and surface water pH in response to the rapid increase of acidifying 
deposition due to increased emissions starting in 1960's. With the studied reduction 
strategies, environment deterioration can be stopped and the recovery will begin. The 
timing of the response depends on the stringency of the chosen abatement strategy. 
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RESPONSE TO EXTREME HYDROLOGICAL SITUATIONS IN THE 
STORAGE OF AN ANTHROPOGENICALLY AFFECTED SALT LAKE 

J. Benavente (1), C. Almecija (1) and F. Carrasco (2) 
(1) Instituto del Agua, Universidad de Granada, (2) Universidad de Malaga 
jbenaven@goliat.ugr.es/Fax: +34-58-243094 

The Fuente de Piedra lake is one of the largest in Spain (13 km3 of flooded area but 
usually less than 2 m of water height) and is located in an area -central Andalusia- 
with mediterranean semiarid climate. Its hydrological regime tipically follows a 
seasonal inondation/dessication sequence. This playa lake has been used for 
commercial salt production until the middle of mis century. A number of structures - 
canals, pools, dikes, etc.- were built to favour such activity, most of which have 
disappeared in recent times by erosion/sedimentation processes. The lake is now a 
Nature Reserve of international ornithological interest. The 1989-1994 period 
included an anomalously wet year (1989-90) followed by four years of drought. 
Thus, in 1990 relatively high water levels were maintained and summer dessication 
did not take place; from 1991 to 1994 water stored during inondation season was 
very scarce. Modeling of the hydrological regime of the lake shows that: a) a 
perimeter canal may avoid that a significant amount of the runoff reaches the lake 
during rainy events; b) other previously designed structures can contribute to isolate 
different water bodies in low-level situations, affecting the storage determinations; c) 
groundwater flow to the lake occurs mainly during the summer seasons, and d) this 
flow can be locally reversed after the first intense recharge events which usually 
happen at the begining of autumn. 

MODELLING FOREST TRANSPIRATION FROM DIFFERENT 
PERSPECTIVES 

Dekker. S.C. and W. Bouten 
Landscape and Environmental Research Group, University of Amsterdam. 
Email: s.c.dekker@frw.uva.nl 

For long, forest transpiration has been studied in many scientific disciplines 
such as plant physiology, hydrology, ecology, meteorology, soil science, etc. 
These disciplines apply their own methodology and studies forest 
transpiration at its own typical level of detail. This has resulted in many 
model concepts with different perspectives and varying complexities. In this 
study similarities and discrepancies will be discussed. The following three 
models are parameterised on a one year data set of a Douglas fir stand in the 
Netherlands: (i) SBL-Stewart (meteorological), where stomatal conductance is 
described by environmental response functions, parameterised on eddy 
correlation, (ii) Standflux (plant physiological), based on assimilation/ 
transpiration relationship at the stomata level and scaled up to the foil canopy 
parameterised on branch chamber measurements of leaf assimilation, (iii) 
Swif (soil water), where potential transpiration is reduced by a function of 
root density and soil pressure, parameterised on soil water content dynamics. 

Regionalization concepts for hydrological modelling on different 
scales using a physically based model: results and evaluation 

H. Bormann. B. DiekkrOger and C. Renschler 
University of Bonn, Geographical Institutes, Meckenheimer Allee 166,53115 Bonn 
h.bormann@uni-bonn.de/fax: +49-228-73-5393 / phone: +49-228-73-2102 

Increasing the scale of hydrological models often induces a change of the chosen 
model concept due to required data and computer time. A regionalization scheme is 
presented which enables us to simulate regional water balances using a physically 
based model without loosing the spatial distribution of model parameters and 
simulation results. This method bases on a combination of deterministic and 
stochastic approaches and can be applied in any catchment without calibration. A 
region is an ensemble of numerous hydro-pedotopes. The aim of the concept is to 
calculate the water balance of a catchment of interest using a limited number of 
representative instead of all hydro-pedotopes which were derived by overlaying 
information concerning soil, relief and land use. In order to reduce the number of 
simulation units areas with similar hydrological behaviour should be grouped. Due to 
non linearities they cannot be clustered using parameters or parameter combinations. 
Therefore, simplified soil profiles are used to define representative hydro-pedotopes. 
The complex soil profiles observed in a given catchment are linked to the simplified 
by means of integral measures called regionalization indices. Applying this scheme 
the required computer time can be reduced up to 95% which is shown by presenting 
simulation results of the upper Leine catchment (1000 km') in northern Germany. 
Due to this approach for each time and place in a catchment a description of the 
hydrological processes and fluxes is possible. 

REPRESENTATION OF NATURAL HETEROGENEITY IN RAINFALL- 
RUNOFF MODELS. 

RDiermanse m 
(1) Delft University of Technology, Faculty of Civil Engineering, Section of 
Hydrology & Ecology. 
f.diermanse@cUudelft.nl/Fax:+31 15-2785915 

In the past three decades increasingly complex rainfall-runoff models have been 
developed to give a detailed representation of the relevant hydrological processes 
that occur during storm events. Since heterogeneity present in natural systems is 
enormous, there are virtually no limits to the amount of information which can be 
used in a rainfall-runoff model to describe characteristics of the modelled system. 
However, due to measurement- and modelling errors it does not hold that input of 
more information on system characteristics will automatically lead to better model 
output Therefore it is important to gain knowledge on natural heterogeneity and its 
representation in rainfall-runoff models to obtain the best possible output results. 
Research at Delft University aims to give some guidelines on this subject. For a 
number of catchments, a procedure is developed to vary the amount of spatial 
information of a number of parameters and variables in a rainfall-runoff model and 
the effect on the output (calculated runoff at catchment scale) is tested. Results are 
implemented with the aid of statistics of the characteristics of the catchments under 
study. In this way, a relation is established between the present heterogeneity of 
catchment characteristics and the way this heterogeneity should be modelled. 

MODELLING BY USING TOPOGRAPHIC INFORMATION. APPLICATION 
OF TOPMODEL TO A MEDITERRANEAN BASIN. 

F.Corradfl  Hindersin   D.  Sempere Torres  (Universität  PcJitecnica de 
Catalunya, Opt. d'Enginyeria Hidraulica Marftjma i Ambiental. Gran Capita 
D1, E-08034 Barcelona, Spain). 
K.Beben. IEBS, Lancaster University, Lancaster LA1 4YQ. U.K 
S. Franks. IEBS, Lancaster University, Lancaster LA1 4YQ. U.K 
cortada@ehma.upc.es 

The conditions of the Mediterranean region, with long dry periods and heavy 
rainfall intensities, request the development and adaptation of particular 
rainfall-runoff models. In this sense this work focuses on the possible 
usefulness and relevance of the basin topography on predicting flood peaks. 
For that, an application using TOPMODEL model to a representative basin, 
the Ample, in Southern France, has been carried out. The study case is an 
event by event analysis (9 events), where Monte Carlo simulations are used 
to calibrate the model and results are analysed using the GLUE Ifcelihood 
measure methodology. Thanks to the GLUE approach the resulting 
parameter values and flow responses allow a discussion about the existence 
of unique optimum parameters as well as show a marked seasonal variation 
of their value and distribution. Furthermore from the obtained results some 
suggestions to improve the model can be presented. 

EVALUATION OF A CATCHMENT-BASED LAND SURFACE 
MODEL FOR GCMS 

A. Ducharoe (1), R. D. Koster (2), M. J. Suarez (3), P. Kumar (4) 
(1) USRA, c/o Code 974, NASA/GSFC, Greenbelt, MD 20771 (2) Code 974, 
NASA/GSFC, Greenbelt, MD 20771 (3) Code 913, NASA/GSFC, Greenbelt, 
MD 20771 (4) Hydrosystems Lab. 2527B, 205 North Mathews Avenue, Dept. 
of Civil Eng., Univ. of 111., Urbana, Illinois 61801. 

A new GCM-scale land surface scheme that explicitly models subgrid soil mois- 
ture variability and its effects on evaporation and runoff has recently been devel- 
oped. In a break from traditional modeling strategies, the continental surface 
in the GCM is separated into a mosaic of hydrological catchments, with bound- 
aries that are not dictated by the atmospheric model's grid but by topography. 
The energy and water balance equations are solved at every timestep in each 
catchment. Following existing catchment hydrological models, topographic in- 
dexes are used to define the spatial distribution of the catchment moisture. 
This allows the catchment's separation into different moisture regimes that 
contribute differently to runoff, baseflow and evaporation. Topographic data 
are used to derive the parameters of a preprocessed distribution function of the 
catchment moisture. The model also includes a root zone moisture variable to 
allow for soil wetting fronts following storms, and to avoid the limitations of 
catchment models in regions of little to moderate orography. 
This talk describes the evaluation of the model is evaluated over North-America 
through the comparison of simulated and observational runoff data. 
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COMPARISON OF FOREST EVAPOTRANSPIRATION FROM ECEB 
MEASUREMENTS OVER A FOREST SPRUCE STAND WITH THE 
WATER BUDGET OF A CATCHMENT 

C. FrOhauf. L. Zimmermann, Ch. Bernhofer (Institut of Hydrology and 
Meteorology, IHM Meteorology, University of Technics Dresden, Pienner Str. 9, D- 
01737 Tharandt, Germany) 

Evapotranspiration exceeds in most cases loss through discharge in the water 
budget of Central European forests. Its direct determination is of great importance 
to understand the process of water exchange between forest and atmosphere. 
Evapotranspiration of a 28 m tall, 110 years old spruce forest at the Anchor station 
„Tharandter Wald" is measured by eddy (»variance energy balance method (ECEB) 
in 42 meters on a micromet tower. The analysis is based on measurements of 
sensible heat, radiation components, stored heat in soil, biomass and air in the 
stand space. In dry periods evapotranspiration can be estimated from 
evapotranspiration induced variation in the water gauge of a small river 
CWernersbach"). The forested watershed „Wernersbach" has an area of 4.6 km* 
and is situated in the forest „Tharandter Wald" in the lower part of the Eastern Ore 
Mountains. 
For the hydrological years 96/97 and 97/98 comparison of the difference between 
precipitation and discharge of the watershed „Wernersbach" with measured ECEB 
evapotranspiration at Anchor station, 5.6 km away from the catchment, showed 
good agreement These results allow a positive view of the possibility for the 
regionalisation of evapotranspiration. 

GENETIC ALGORITHMS, NEURAL NETWORKS: IS IT POSSIBLE TO 
USE THESE « MODERN CONCEPTS » FOR HYDROLOGIC MODELS ? 

Gregoris, Y.(l) and A. Schober (2), (1) Meteo-France, Aix-en-Provence, (2) EDF, 
DTG, see Ressources en Eau, Grenoble 
Yves.Gregoris@meteo,fi7Fax:: +33 4 42959019 

The definition and optimisation of parameters is a major problem in modelling. 
Lately algorithms deduced from biological concepts using neural networks or the 
laws of genetics are gaining popularity. We have been able to develop a watershed 
model that applies these principles. This model, which we cfcll CORIANDRE, has 
the structure of a classical multi-reservoir model. In its basic vetsion we define three 
reservoirs mat are interconnected. They are conceived like traditional linear 
reservoirs except mat the outflow coefficients are not constant Their values can 
evolve with time as a function of the quantity of humidity stored in the system. 
Since the shape of these outflow functions is initially unknown we use a type of 
analytical functions usually related to neural networks design. These functions allow 
to model a large variety of curve-shapes with very few parameters (we used four 
parameters for each outflow function). All parameters are determined by a genetic 
algorithm. This algorithm, based on Darwin's law, proceeds in different stages. 
Through the processes of duplication, crossing and mutation a optimum set of 
genes, or in this case, parameters is determined. We have applied this model to 
several data sets coming from rivers in France. The shapes of obtained outflows 
functions are consistent with what is expected from a physical point of view arid the 
overall modelling results are very encouraging. 

TEMPORAL VARIABILITY OF EFFECTIVE VALUES OF SOtt, 
HYDRAULIC PROPERTIES AT THE FIELD SCALE 

G.L. Galbiati (1), LSavi (1) 
(1) Institute of Agricultural Hydraulics, University of Milano 
fsavi@imiucca.csi.unimi.it 

Temporal variations in the effective values of soil hydraulic parameters were 
evaluated under different soil management, crop type and growth stage. The 
parameters describe the hydraulic behaviour of the soil in terms of infiltration and 
surface runoff for a 15 x 100 m* experimental plot The effective value of the 
saturated hydraulic conductivity was estimated by computing the ratio between 
infiltrated discharge and the area of the plot when a constant discharge was 
delivered to the plot over a period which was long enough so as to achieve a steady 
outflow. Manning's roughness coefficient and other parameters were estimated by 
minimising the square of the errors between the outflow discharges measured 
during the experiments and the those computed by a mathematical model 
simulating runoff and infiltration (Green and Ampt equation) in a coupled way. 
The value of the saturated hydraulic conductivity varied in time over more or less 
one order of magnitude depending on soil management. The value of the roughness 
coefficient was strongly related to crop growth stage and varied seasonally by about 
40%. The results confirmed that the calibration and validation of hydrologic 
models should be carried out over a range of soil and crop conditions. 

CORIANDRE, TOPMODEL, DPFT: COMPARISON OF TREE 
WATERSHED MODEL CONCEPTS IN RESEARCH OF AN 
APPROPRIATE REAL TIME FLOOD FORECASTING TOOL. 

Gregoris, Y.(l), A. Schober (2), P. Bernard (2); (1) Meteo-France, Aix-en-Provence, 
(2)EDF, DTG, see Ressources en Eau, Grenoble 
Yves.Gregoris@meteo.fr/Fax :: +33 4 42959019 

Flood forecasting is a major concern for hydrologists. When a model has to be 
selected one is confronted with a wide variety of modeling concepts. We have 
examined three different models to see whether the current flood forecasting policy 
at Electricite de France (EDF) can be improved. The DPFT method, currently 
applied at EDF, is based on the unit hydrograph theory. Using an inversion 
algorithm the model allows, to identify by successive convolution and 
deconvolution, the unit hydrograph and corresponding net rainfall. A second step 
consists to calibrate an analytical production function to reproduce this net rainfall. 
TOPMODEL is a well known model based on the theory of expanding and 
contraction contributing areas whose extent is determined through the topography of 
the watershed. 
The last model, CORIANDRE is a model that has recently been developed at EDF. 
In principle it is a multi-reservoir model which has been improved by using new 
modelling techniques borrowed from neural networks design and Darwin's 
evolution theory (genetic algorithms). We applied the three models on data from 
several catchments and compared the results. It appeared that for average floods all 
three models performed equally good. When it came to events with a large 
contribution from groundwater CORIANDRE gave better results. From an overall 
point of view this model displayed a higher flexibility in particular situations. 

HYDROCARBONS AND GEOCHEMICAL PROCESSES IN THE 
BOTTOM ENVIRONMENTS OF RUSSIAN SEAS COASTAL ZONES. 

A.V.Goncharov (VNIGRLLiteinyl 39,St.Petersburg,Russia), 
M.A.TugaroTa (StPbSU, Untvendtetskaya emb. 7/9, SLPetersburg, Russia) 

VNIGRI muMpurposed geochemical investigations hi the shallow shelf of Baltic, 
Caspian, Okchotsk and Pechora seas Include the study of geochemical and blo- 
geochemical processes in aquatic systems under the influence of hydrocarbons 
emanations from the Uthosphere and oil-pollutions. The methodical complex of 
mapping and genetical identification of subaqueous geochemical fields are based 
on die detail study of gases composition, waters, bottom sediments, indicator 
groups of microorganism distribution. 
Lithodynamic and physico-chemical conditions and the limits of Htbofacies differ- 
entiation of geochemical fields forming were determined in the bottom environ- 
ments of shelf, coastal and continental zones. 
In natural conditions in Pechora sea coast the composition and the regime of gas 
flows on the Hthosphere-hydrosphere interface were studied. The increasing of 
hydrocarbons and gases flows above oil accumulated zone in deltha Pechora river 
was fixed. 
Above oil-gas accumulated zones, oil-gas sites, pollution sites the anomal proc- 
esses of interaction epigenetic hydrocarbons and bkrauneral complex of bottom 
environments were fixed and studied. 

Influence of rooting depth on the simulated hydrological cycle of a GCM 

Stefan Hagemann and Axel Kleidon (Max Planck Institute for Meteorology, 
Bundesstr.55,20146 Hamburg, Germany) 

The hydrological cycle is one of the key issues in simulating the climate with an 
atmospheric general circulation model (GCM). This study will show that rooting 
depth and thus the field capacity (maximum soil water-holding capacity of the root 
zone) have a major influence on the simulated hydrological cycle of a GCM. We 
consider three different climate simulations of the GCM ECHAM4-T42: a) a control 
experiment using a dataset with spatially distributed field capacities, b) a simulation 
using optimized rooting depths in the tropics which are generally deeper than in the 
control experiment c) a sensitivity simulation using a constant rooting depth of 60 
cm in the tropics which is shallower than the corresponding average rooting depth of 
the control experiment. We evaluate the simulated hydrological cycles using the 
Hydrological Discharge model which simulates the lateral waterflows on a 0.5' grid 
using input fields from the GCM simulations. Its model parameters depend on 
spatially distributed land surface characteristics. We compare the simulated 
discharges of a few large catchments to observed discharges as well as the simulated 
precipitation for these catchments to different climatologies. For a specific 
catchment, differences in the hydrological cycle between the climate simulations may 
be directly based on differences in rooting depth due to a different evapotranspiration, 
or may be related to changes in the circulation patterns, even in catchments where the 
rooting depths are the same in all three simulations. The effects of rooting depth 
changes are discussed and conclusions for a future improvement of the representation 
of the hydrological cycle in atmospheric GCMs are drawn. 
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INFLUENCE OF ROOTING DEPTH ON THE SIMULATED 
CLIMATE OF A GCM 

Axel Kleidon and Stefan Hagemann (Max-Planck-Institut für Meteorologie, 
Bundesstr. 55, D-20146 Hamburg, Germany) 

Rooting depth determines how much water can be stored in the soil which is 
accessible to the vegetation for transpiration. In order to investigate its influence on 
climate, we conduct two simulations with an atmospheric General Circulation 
Model (ECHAM 4 - GCM): In a first simulation we use optimised rooting depths. 
These rooting depths can be seen as ones mat are developed by the vegetation in 
equilibrium with climate. They are much larger than those currently used in global 
models, but are consistent to observations. A second simulation is performed where 
rooting depth in the tropics is reduced to 60 cm. The climatic changes associated 
with the different rooting depths are investigated in terms of direct effects 
(evapotranspiration and air temperature) and indirect effects (atmospheric 
circulation). The findings and the described mechanism form the basis for the second 
part (see Hagemann and Kleidon), where we investigate the changes in the 
hydrological cycle in more detail for a few large catchments. We conclude that 
rooting depth is an important land surface property, especially in the tropics. The 
removal of deep rooted vegetation in the tropics, for instance by deforestation, could 
have significant impacts on the local, regional and global scale. 

EVAPORATION FROM A HUMID GRASSLAND CATCHMENT 

MochrlensC. Kiely G. Pahlow M 
Civil & Environmental Engineering 
University College Cork, Ireland. 
gkicly@ucc.ie 

We determined the evaporation from a grassland catchment (16.5Ha) over one year 
from field experiments Instrumentation included: a standard meteorological 
station; time domain reflectometry (TDR's); precipitation; streamflow and a class A 
pan. For the lull year, evaporation accounted for 41% of precipitation. During the 
Summer months, the Penman-Monteith evaporation was 95% of Class A pan 
evaporation. 

LAND SUBSIDENCE AND HYDRODYNAMIC COMPACTION 
OF SEDIMENTARY BASINS 

HJC2ai(l)andJ.J.deVries(l) 
(1) Faculty of Earth Sciences, Hydrology Group, Vrije Universiteit, De 
Boelelaan 1085,1081 HV, Amsterdam, The Netherlands 
kooi@geo.vu.nl/Fax: +31-20-6462457 

Over the last decades, a great deal of attention has been paid to land 
subsidence due to groundwater abstraction, hydrocarbon production, mining 
and tunneling activities. By comparison, subsidence due to natural 
compaction has been a supposition child. In order to gain insight into the 
importance of the latter process we have developed a hydrodynamic 
compaction model that combines Terzaghi's principle of effective stress 
with Darcy's law and which is driven by sediment loading. We present both 
a scale analysis of the model equations and numerical experiments which 
illustrate that subsidence rates can attain a significant fraction (>40%) of the 
long-term sedimentation rate and that compaction-derived subsidence is 
delayed with respect to sediment loading. Typical subsidence rates 
predicted by the model are of the order of 0.1 mm/yr, but may reach values 
in excess of 1 mm/yr under favourable conditions. It is shown that the 
response time of the compaction system can attain values of itf-lO' years 
for sediment columns that consist of several kilometers of low permeable 
sediments such as shales. This would imply that, under these conditions, 
current land subsidence is the product of sedimentation that occurred as 
long as hundreds of thousands or even millions of years ago. Preliminary 
results of an application to the coastal area of the Netherlands are presented. 

MODELLING OF HYDROLOGICAL CYCLE COMPONENTS IN THE 
NOPEXAREA 

Yu.G. Motovilov (1), L. Gottschalk (2) and K.Engeland (2) 
(1) Institute for Applied Ecology, Moscow, Russia, (2) Department of Geophysics, 
University of Oslo, Norway 
root@pecos.msk.ru/Fax:+7-095-88-38-29I 

A regional space-distributed hydrological model, ECOMAG, has been applied for 
simulation hydrological cycle characteristics in the NOPEX (NOrthern hemisphere 
climate Processes land-surface Experiment) area (80x100 km), situated in the 
southern Sweden. In ECOMAG, a studied area is sub-divided into a mosaic of regular 
elements, each to be viewed as a landscape hydrological unit or Representative 
Elementary Area (REA). The minimum size of the REA has been defined on the basis 
of statistical analysis of the spatial data for the NOPEX area. The specific 
characteristics of topography, soil, vegetation and land use types for each REA on the 
grid 2 km for the whole NOPEX area were determined in a GIS framework. For each 
landscape unit the model describes the main processes of the land hydrological cycle: 
infiltration, thermal and moisture regime of soil, evapotranspiration, snow cover 
formation and melting, formation of surface, subsurface, groundwater and river runoff. 
The model was validated against runoff data for nine river basins in the NOPEX area 
for the period 1981-1995 as well as against special measurements of 
evapotranspiration, soil moisture, groundwater and synoptic runoff, performed during 
two CFEs in 1994-1995. Observed and simulated water balance components in the 
NOPEX area are compared and discussed. 

ASSESSMENT AND DEVELOPMENT OF PEDOTRANSFER FUNCTIONS FOR 
SEMI-AMD SUB-SAHARAN AFRICA 

M.D.B.Young 
University of Newcastle upon Tyne, UK 
m.d.b.young@ncl.ac.uk/Fax: +44 191 222 5228 

The application of process-based hydrological models requires the estimation of a number 
of soil hydraulic properties which are difficult, tune-consuming and costly to measure. 
This would have severely limited the use of these models had it not been for the 
development of pedotransfer functions (PTFs). PTFs are regression equations which relate 
readily-available/easily measured soil physical and chemical data either directly or 
indirectly to soil hydraulic properties. The great majority of work in the development of 
PTFs has been in the USA and Europe and therefore the soils used have been American 
or European. The problem comes in trying to apply PTFs in other areas such as sub- 
Saharan Africa. This paper describes on-going work at a number of locations in Tanzania 
which is attempting to evaluate the ability of PTFs to accurately predict soil hydraulic 
properties. Results are presented which compare PTF-predicted soil hydraulic properties 
with those measured by a number of different techniques including the instantaneous 
profile drainage method and tension infiltrometer in the field as well as standard laboratory 
techniques. Results indicate that American and European PTFs do not reliably predict the 
hydraulic properties of the tested Tanzanian soils. The factors responsible for this and the 
techniques currently being considered for adapting PTFs for use in Tanzania are discussed. 

A GENERALISED EXPRESSION FOR SOBL MOISTURE STORAGE 
CAPACITY DISTRIBUTION 

Nirupama, University of Newcastle, UK, e-mail: nirupama@ncl.ac.uk 
Takuma TAKASAO, Kyoto University, Japan 
Michiharu SHTJBA, Kyoto University, Japan 
Yasuto TACHJKAWA, Kyoto University, Japan 

The distribution function introduced by Zhao et a). (1980) in Xinanjiang model to 
represent the variability of soil moisture storage capacity in a catchment has been 
widely acclaimed in literature. Improved rainfall-runoff modelling at various scale 
levels have emerged in recent years (Wood and Zaratarian, 1992; and Todini, 1996) 
incorporating this function. The proposed paper introduces a more generalised 
expression of this function considering the following aspects which are in 
consistence with the behaviour of natural catchments: 1) the possibility that a 
fraction of the catchment could be characterised by the same point values of the soil 
moisture storage capacity should be taken into account, 2) there may be two or more 
catchments having the same areal average soil moisture storage capacity, but 
characterised by different shapes distribution functions due to different soil 
characteristics of these catchments, and 3) it is more realistic that the soil moisture 
storage capacity within the catchments varies between a minimum and maximum 
specified point values with the minimum being equal to or greater than zero. In the 
present study, the expression for a generalised soil moisture storage capacity 
distribution function considering the above aspects are arrived at by adding only one 
parameter over and above the three parameters of Xinanjiang model. 
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ESTIMATION OF ENERGY FLUXES FROM THERMAL IN- 
FRARED, SPECTRAL REFLECTANCE, MICROWAVE DATA 
AND SVAT MODELLING. 

A. Olioso (1), H. Chauki (1) and P. Bertuzzi (2) 
(1) INRA Bioclimatologie, Domaine St-Paul, 84914 Avignon Cedex 9, France, 
(2) INRA Science du Sol, Domaine St-Paul, 84914 Avignon Cedex 9, France. 
olioso«avignon.inra.fr/Fax: [33] 4 90 89 98 10 

The ALiBi model, which is a Soil-Vegetation-Atmosphere Transfer model, was 
developed to simulate mass and energy exchanges between vegetation canopies, 
the soil and the atmosphere. In the present work, it was used in conjunction 
with remote sensing data in thermal, solar and microwave domains, to assess en- 
ergy balance of two soybean crops. Inversion of radiative transfer formulations 
were performed to retrieve model parameters: -i) canopy structure parameters 
(leaf area index and canopy height) from red and near-infrared reflectances; 
-ii) surface soil moisture from radar measurements (in C band) and -Hi) plant 
water transfer parameters from thermal infrared measurements. Estimations of 
energy balance fluxes were in good agreement with measured values, in partic- 
ular for a well developed canopy. A sensitivity study of the procedure showed 
that it was not necessary to know surface soil moisture and leaf area index 
with a good accuracy to obtain accurate energy balance fluxes. Conversely, the 
vegetation height must be known with a good accuracy. 

FIELD APPLICATIONS OF A VARIABLE PARAMETER MUSKINGUM 
METHOD 

of Newcastle,       UK,       e-mail: Muthiah       Perumal,       University 
muthiah.perumal@ncl.ac.uk 
Kittur G. Ranga Raju, University of Roorkee, India, e-mail: civil@nirkiu.ernet.in 
P.E. O'Connell, University of Newcastle, UK, P.E.O'Connell@ncl.ac.uk 

A physically based Variable Parameter Muskingum (VPM) method was developed 
by Perumal (1994a) and its ability to route floods was studied using hypothetical 
floods (Perumal, 1994b). The proposed study demonstrates the practical utility of 
this method to route floods using flood data available for some reaches of the 
Murrumbidgee, Darling and Mitta Mitta rivers in Australia and for a specified 
stream network segment of the Tyne river in UK. The study illustrates how to 
estimate the routing parameters using the limited channel cross-section information 
and the wave speed-discharge relationship established for the routing reach. The 
ability of the method to reproduce the observed flood hydrograph has been 
evaluated using the Nash-Sutcliffe criterion. 

EVALUATION OF THE RESPONSE OF SPRUCE FOREST ECOSYSTEM 
ON CLIMATIC CHANGES: RESULTS OF MODELLING EXPERIMENTS 

AOltchev. A.Ibrom, H.Kreilein, KMorgenstem, G.Gravenhorst (Institute of 
Bioclimatology, Georg-August University, Bflsgenweg 2, 37077, Gottingen, 
Germany) 

The future physical and chemical environment of forests will change. How forests 
will react to these new conditions is not known yet In order to study the impact of 
possible climate change on forests, first of all, it is necessary to investigate the 
response of forest ecosystem on change of key environmental parameters (e.g. air 
temperature, moisture conditions, CQ2 contents in the air, etc.). 
To estimate the possible response of a spruce forest ecosystem in the Soiling hills 
(Germany) on climatic changes the multi-layer non-steady-state SVAT model 
(SLODSVAT) was used. In order to consider a wide range of possible future 
climatic changes 4 major scenarios for modelling experiments were chosen, 
describing the main possible shift of future climatic conditions: (/) the climate will 
be drier and warmer, (ii) the climate will be more wet and warmer, (Hi) the climate 
will be drier and colder, (iv) the climate will be more wet and colder. AU scenarios 
were examined at three various ambient CO2 concentration in the atmosphere: 350 
(current condition), 450 and 550 ppm. 
The modelling results show growth of net CQj balance with increasing of ambient 
CO2 for all scenarios. Maximal growth is obtained for dry climate scenarios. 
Transpiration (TR) and evapotranspiration (ETR) have similar trends: cold and wet 
climate will decrease, and warm and dry climate will increase total TR and ETR 

COMPARISON OF LAKE EVAPORATION ESTIMATED BY ISOTOPE 
MASS-BALANCE, BULK-AERODYNAMIC & BOWEN RATIO METHODS. 

R.K. Saxena. C. Jaedicke and L-C. Lundin 
Div. of Hydrology, Inst. of Earth Sciences, Uppsala University, Villavägen: 

S-752 36 Uppsala, Sweden 
Rajinder.Saxena@hyd.uu.se 

16, 

Evaporation from a shallow lake in central Sweden was estimated using oxygen-18 
mass balance, bulk-aerodynamic and Bowen ratio methods, to access the feasibility 
of isotope method in Scandinavian conditions. The isotope method accounted for the 
isotopic non-steady state of lake-water. Oxygen-18 content i.e. (6%)) of lake-water, 
inflows and outflow was measured on a weekly basis, where as in precipitation it was 
monitored daily. The lake level and discharge from the lake was also recorded daily. 
From a mast installed in the middle of the lake, wind speed profiles, temperatures of 
air and lake-water, relative humidity and radiation data was collected for the bulk- 
aerodynamic and Bowen ratio methods. Lake evaporation varied from 1.5 to about 
5.0.mm/d during the experimental period. It was found that evaporation estimated by 
all the three methods agreed very well during most of the sub-periods and fairly well 
in three sub-periods. A sensitivity analysis of the isotope method was also done, 
where errors in the measurement of relative humidity, 8lsO of inflows and 
atmospheric moisture were simulated. It was observed that the isotope method is 
quite sensitive to variations in 8-values of' inflows and atmospheric moisture. 
Variations in relative humidity had little effect on evaporation so long as humidity j 
did not exceed 85%. 

1 

A TWO-LAYER MODEL OF NEAR-SURFACE SOIL DRYING 
FOR TIME-CONTINUOUS HYDROLOGIC SIMULATIONS 

S. Orlandini 
DISTART, University degli Studi di Bologna, Viale Risorgimento 2, 1-40136 
Bologna, Italy. 

A two-layer soil water balance model is developed to provide an efficient and 
robust description of land surface dynamics in response to atmospheric evapo- 
rative events. Soil, vegetation, and atmosphere are dynamically coupled under 
the assumption that soil moisture profiles approximately preserve similarity 
during simultaneous atmospheric drying and gravity drainage. The exfiltration 
flux at the land surface in response to the atmospheric evaporative demand is 
limited by relating the surface resistance to water vapor transfer in the Penman- 
Monteith equation to the near-surface soil status. In addition, the control of 
deeper soils on both exfiltration and drainage is expressed by performing a time 
compression approximation water balance over the entire drying profile and by 
scaling the obtained exfiltration and drainage fluxes to the near-surface soil 
layers. The reliability and robustness of the proposed formulation is evaluated 
with rates of evaporation calculated from measurements of the Bowen ratio and 
soil moisture data obtained from time domain reflectometry measurements for 
a bare soil field in the Zwalmbeek catchment (Belgium). 

IMPACT OF DDTFERENT NUMERICAL COUPLING TECH- 
NIQUES BETWEEN SURFACE AND ATMOSPHERE IN A GCM 

J.-P. Schulz. L. Dümenil (Max-Planck-Institut für Meteorologie, Bundesstr. 55, 
D-20146 Hamburg, Germany) and 
J. Polcher (Laboratoire de Meteorologie Dynamique du CNRS, 4 pi. Jussieu, 
75252 Paris, France) 

Land surface processes have a significant impact on near surface climate phe- 
nomena. The component of an atmospheric general circulation model (GCM), 
that is responsible for the representation of land surface processes, is the land 
surface scheme, which essentially represents the land surface energy and mois- 
ture cycles. Various different land surface schemes have been developed for use 
in GCMs that utilize Very different parameterizations of these physical pro- 
cesses and lead to differences in the simulated climates. On the other hand, 
the numerical coupling between land surface and atmosphere can also have a 
significant impact on the model simulation. 

Two versions of the ECHAM4 GCM are compared, one with semi-implicit 
coupling between land surface and atmosphere, the other with fully implicit 
coupling. A global simulation was performed with both models, using the 
same initialization and climatological sea surface temperatures. The results 
show that the coupling technique has an important impact on the simulated 
surface climate and water and energy cycles. These results are compared to an 
experiment with a third version of the ECHAM4 GCM, in which the SECHIBA 
land surface scheme is implemented in a fully implicit way. This allows one 
to estimate the relative importance of differences in land surface parameteriz- 
ations and differences in surface-atmosphere coupling techniques. 
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DERIVATION OF .FUNCTIONAL LAYERS IN A PODZOL 
TOPOSEQUENCE FOR SIMULATING CADMIUM TRANSPORT 

P. Seuntjens, C. Cornells, N. De Bracker and P. Geuzens 
Flemish Institute of Technological Research, MOL, Belgium 
seuntjep@vito.be seuntjep@vito.be seuntjep@vito.be 

Undisturbed podzol profiles are very heterogeneous and contain multiple layers with 
significantly different functional properties. Layering will largely affect transport of 
contaminants from topsoil to groundwater. Cadmium mobility in acid'sandy soils is 
mainly governed by the amount of organic carbon and pH of the soil solution. In 
layers low in organic carbon and pH the importance of soil physical properties on 
cadmium transport will become more pronounced. In this study pedogenetic layers 
of three distinct podzol profiles in a toposequence are characterised for physical as 
well as chemical properties. Profile results of organic carbon, pH, field-saturated 
hydraulic conductivity, van Genuchten parameters and solute transport parameters 
are used to derive functional layers. The derivation of functional layers and 
screening model results will be presented. 

REAL-TIME FLOOD FORECASTING VIA COMBINED USE OF 
CONCEPTUAL AND STOCHASTIC MODELS 

E. Toth, A. Montanari and A. Brath 
DISTART, University of Bologna, Via del Risorgimento 2, 1-40136 Bologna, 
Italy. 

Stochastic modelling of the simulation errors resulting from the off-line appli- 
cation of conceptual rainfall-runoff models is often performed in the context of 
real-time flood forecasting, in order to be able to predict such errors so allowing 
to improve the accuracy of the forecast. Although widely applied in the oper- 
ational practice, such approach has not been extensively investigated in the 
scientific literature. This analysis is aimed to evaluate the benefits in discharge 
forecast accuracy that can be gained by this kind of approach and to provide 
some insights into the identification and estimation procedures of the optimal 
stochastic model to be applied when updating the forecasts. Application of lin- 
ear ARIMA models, even in the fractionally differenced form, has been herein 
considered for some case studies referred to river basins located in Italy. The 
results have shown that the stochastic updating procedure is significantly worth 
performing when the lead-time of the forecast do not exceed a time threshold, 
which is expected to vary with the response time of the basin. 

GEOPHYSICS FOR STUDYING THE DYNAMHST5F NEAR-SURFACE 
UNDERGROUND WATER IN MODERN URBAN CONDITIONS 

Z. Slepak 
Geological Faculty, Kazan State University 
zakhar.slepak@ksu.ru/Fax: +7 8432 320267 

Dense town building creates serious problems for geophysical investigations. 
The dynamics of near-surface water here depend not only on season changes, 
precipitations or changes in base level of erosion but also on leakage from 
underground communications, breaches in stable structure of near-surface 
grounds, and extensive excavations, building and repair works. High-precision 
gravimetric monitoring can be applied to define non-tidal gravity changes 
associated with water accumulations in limited areas of the near-surface layer, 
flow directions as well as the following building damage. Electromagnetic 
sounding using ImpulseAuto* equipment created at the Siberian Institute of 
Geophysics (Novosibirsk, Russia) permitted to trace the base of the cultural 
layer, locate ground water accumulations, leakage from water communications 
and its direction. Non-tidal gravity changes helped to locate the natural 
reservoir of ground and technogenic waters negatively affecting the Suyumbeki 
Tower and former Governor's Palace situated on the territory of Kazan 
Kremlin. Electromagnetic sounding revealed fractures in water-resisting layers 
through which ground water flows from upper layers to lower those in an 
aeration zone. It was also possible to locate leakage sites and determine 
directions of technogenic water flows contributing to building destruction. 

THE TRANSFORMATION OF DYNAMIC PARAMETERS OF OIL- 
CONTAMINATED SEDIMENTS THE NORTH EUROPEAN RUSSIA. 

M.A.Tngarova (StPbSU, Unlversltetskaya emb. 7/9, St.Petersburg, Russia), 
A.V.Goncharov (VNIGRI, Litemyi, 39, St.Petersburg, Russia), 
D.V.Kovalehoc (StPbSU). 

The study of dynamic parameters of terrigenlous material was carried out in 
subaqueous areas of North European Russia (Bokhezemebkaya, Maloze- 
meiskaya tundra) and coastal Barents sea including Pechora river dehha. The 
areas are characterized by extremely wide spreading of fluxes, lakes, marshes. 
This is the intensive exploited oil-gas Play. The geological sarvey, existence of 
pooled recoverable hydrocarbons are accompanied by the poDurlon of natural 
environments and apper Htbosphere. The main oU-poUution Is accumulated In sous 
and sediments of small flows. The periodic processes (high-flood, snow thaw) to- 
crude the contaminated sediments in transfer. According the natural investigations 
the spreading range of oO-poIhitlons connected with terrigenlous material can be 
highly essential. 
The experimental work was based on the comparison of structural and dynamic 
characteristics of polluted sediments and the same sediments purified from oil- 
products. The average breaking and accumulated velocities for the sediments of 
different Bthoiogy with various concentrations of oD-prodncts were determined. 
ParaDery were determined : the character of interaction of mineral and oil parts 
(morfologica] forms of oO-contaminents), the quantitive and qualitative composi- 
tion of oil-products In different size fractions of sediments. 
The results of investigations allow to predict the distance of migration, possible 
zones of accumulation and the scale of oO-poDution in aquatic systems. 

SENSITIVITY OF SURFACE FLUXES TO STRUCTURAL DIF- 
FERENCES IN SOIL MOISTURE SIMULATION 

Cs. Szinell (1) and F. Acs (2) 
(1) Hungarian Meteorological Service, 1525-Budapest, PO Box 38, (2) Dept. 
of Meteorology, Eötvös Loränd University, 1083-Budapest, Ludovika ter 1. 
szinallftnet.hu/Fax: [36 1] 212 5159 

Two land-surface schemes, which differ only in the structure of the soil mois- 
ture prediction module, are compared. The first more complex model applies 
the Richards and heat diffusion equations for calculating soil moisture and tem- 
perature changes. The other, simpler model uses diffusion type soil moisture 
module and calculates deep soil temperature by the force-restote method. All 
other components (atmospheric and vegetation parametrizations) are identical. 
In test runs the Cabauw data set was used. The resulting differences are studied 
in terms of both the annual mean and seasonal changes of energy and water 
fluxes. The preliminary results suggest that deviations imposed by structural 
differences in soil moisture prediction modules are not more significant than 
the deviations imposed by the differences in some relevant parametrizations. 
The results are useful to understand soil physical processes and to formulate 
soil moisture and temperature prediction modules. 

HYDROLOGIC MEASUREMENTS IN AN ALLUVIAL WETLAND 

Ph. Weng (1), A Coudrain-Ribstein (1,2) and H. Bendjoudi (1) 
(1) Laboratoire de Geologie Appliquee, UPMC, (2) CNRS URA 1367, PARIS 
weng@biogeodis.Tussieu.fr / Fax: 01/44/27/51/25 

Upstream from Paris, close to the confluence of the rivers Seine and Aube, the 
alluvial plain is inundated every year, resulting of flooding and/or upward 
movement of water in the alluvial aquifer. In those land of environments, where 
surface water flows (horizontal and vertical) are combined with ground water 
vertical flows, hydrology is difficult to understand. The objective of our study is to 
investigate water circulation and specially vertical transfers during a rise and drop 
cycle on the base of measurements on a regularly inundated field. 
The observational network may be defined as follows. A 10 m by 10 m square is 
isolated using plastic sheets driven in the soil. An open pipe lying on the soil and 
crossing the plastic sheet on one face of the square allows hydraulic equilibrium 
between inside and outside water. Both water flow through the pipe and water level 
in the square are recorded. Colorado tank is used to determine net precipitation. 
Hence, a water balance on the square allows to point up and quantify the vertical 
transfers (upward or downward) masked by the about 30 cm of inundating water. 
To extend the investigations to the 3D movements below the soil surface, the 
installations are completed by a plan of 10 piezometers at different depths between 2 
m and 10 m (chalk substratum) near the square. The unsaturated zone is studied 
using a set of tensiometers inside the square. 
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ESTIMATING THE ROOT-ZONE SOIL MOISTURE FROM REMOTE 
SENSING OBSERVATIONS 

J.-P. Wigneron (1), J.-C. Calvet (2) and A. Chanzy (1) 
(1) INRA , Agroparc, 84914 Avignon Cedex 9, France 
(2) Meteo France / CNRM, 42 av G. Coriolis, 31057 Toulouse, France 

The objective of this work is to develop a methodology for estimating 
the soil moisture in the root-zone from remote sensing (RS) observations 
in the thermal infrared and microwave domains. The work is based on 
two intensive field experiments at Avignon, in 1989 and 1990 over crop 
canopies. The measurement data sets include heat and water fluxes, soil 
water balance, soil and vegetation characteristics, thermal infrared 
measurements and also radar remote sensing data at C-band in 1989. 
The present study proposes a synthetic coupling between the remote 
sensing data and the simulations of the surface fluxes by ISBA, which is 
the surface scheme of the weather forecast model at METEO-FRANCE. 
The data in 1990 are used to calibrate two input parameters of ISBA: 
the vegetation surface resistance to water exchanges and the soil water 
diffusivity. A methodology for assimilating the microwave and thermal 
infrared remote sensing data in ISBA is analysed. The feasability of the 
assimilation process is demonstrated and the methodology makes it 
possible to estimate the requirements, in terms of temporal repetition 
and measurement accuracy of the RS data, for retrieving the crop soil 
water reservoir. 

The Role of Interception In the Water Budget of Spruce Stands in the Eastern 
Ore Mountains /Germany 

L. Zimmermann. C. Frühauf, M. Surke and Ch. Bernhofer (IHM-Meteorology, 
Technical University Dresden, Pienner Str. 9, D-01737 Tharandt, Germany) 

In the Eastern Ore Mountains large areas situated at the ridge are deforested mainly 
due to high levels of atmospheric sulphur dioxide. For the quantification of element 
budgets the water budget of small forested experimental watersheds is recorded, one 
situated in the upper, the other in the lower mountains. Interception is the major 
part of forest evapotranspiration in humid climates due to their low aerodynamic 
resistances. Interception was measured by standard experimental design and made 
up nearly 50% of open-field precipitation in summer showing typical dependence 
on rainfall intensity. The RUTTER interception model was modified taking into 
account different layers of the canopy and tested with throughfall and evapotranspi- 
ration rates measured by eddy covariance/energy balance (ECEB) method. The 
ECEB evapotranspiration was compared to the difference of precipitation and dis- 
charge of both watersheds. The water budget of the ridge watershed showed a 
marked difference explained by fog interception as important additional input for 
fog-rich sites. The high atmospheric coupling of spruce forests could be seen by 
near-equality of evapotranspiration of both sites despite an altitudinal gradient of 
360 m. Especially in autumn an 'oasis effect' happens, where the flux of sensible 
heat is reversed to the canopy enabling evapotranspiration to exceed net radiation. 
All these findings show the importance of proper measurement and modeling of 
interception for water and element budget studies of forested watersheds. 

HSA6 Hydrology and soil processes 

01 Recent advances in tracers in vadose 
zone hydrology 

Convener: Tyler, S.W. 
Co-Conveners: Edmunds, W.M.; Flury, M; Scanion, B.R. 

APPLICATION OF SORPTIVE TRACERS WITHIN WASTE DISPOSALS 

Thomas Baumann. Michael Schneider, Reinhard Niessner' 
Dept. of Hydrogeology, Hydrochemistry and Environmental Analytical Chemistry, 
tbaumann@ws.chemie.tu-muenchen.de 

The transport processes within a municipal waste disposal were studied using both 
sorptive and nonsorptive fluorescent tracers (uranine, cosine, sulfrhodamine B and 
naphthionat). Their properties relevant to the transport within the saturated and unsatu- 
rated zone of disposals were characterised. The tracers showed a range of diffusion 
coefficients and Sorption parameters comparable to commonly occuring contaminants. 
Furtehermorc they were found to be stable in leachate water under anaerobic and aero- 
bic conditions. The tracers were applied at a well described subsection of the waste 
dump with unsaturated flow distances of 10 m. The outflow of this subsection was 
monitored on-line, samples were taken every hour. A strong relation between tracer 
transport and precipitation could be observed. All tracer occurences could be tracked 
backward to heavy rainfall or melting snow. The time gap to precipitation events was 
rather short (»1 d). The overall recovery rates were far below 1 %. Despite of their 
different properties, the tracers showed similar transport behaviour. The investigations 
led to a principal model of water and contaminant transport within disposals. The com- 
mon flow paths are small pores and fractures within the disposal ith transport velocities 
beyond min/month. Here leaching, Sorption and other matrix interactions take place. 
After heavy rainfall larger fractures and voids are filled, leading to a fast transport 
(m/day). Following a first phase where mobile contaminants are removed from these 
flow paths, this flow leads to a dilution of the leachate waters at the base drainage. 

I 
A MULTIPLE TRACER TECHNIQUE TO IDENTIFY THE PRESENCE 
OF PREFERENTIAL FLOW IN SOIL 

S. E. Allaire-Leung. S.C. Gupta, and JJ\ Moncrief 

Dept of SWC, Upper Buford Circle, St Paul, MN 55108, USA 
saleung@duluth.infi.net 

Identifying the presence of preferential flow is difficult when using tracers that 
do not show good color contrast with the soil and when using a single tracer for 
breakthrough curves. A method to characterize the presence of preferential flow 
is presented. The concept is that the ratio of the retardation factors of two dyes 
measured from breakthrough curves should be the same as measured from batch 
studies if the soil does not have preferential flow. The concept was tested in 
laboratory on repacked soil columns that contained macropores of various 
continuity and tortuosity levels. Simultaneous breakthrough Rhodamine WT, 
and the FD&C Blue #1 showed that the ratio of the apparent retardation factors 
of Rhodamine to Blue (R'aV R*BII») was lower compared to the ratio of the 
retardation factors of the same tracers from batch studies (RR,«/R«U.) if the soil 
contained macropores that were open at the soil surface. For soil columns where 
macropores were tortuous, the ratio (R\wJ R'BIU«) increased with an increase in 
macropore tortuosity. In soil columns where there were no macropores, the ratio 
R'RV R'BIU« was the same as R«M/Rbiue. This suggest that the method could be a 
useful index to identify the presence of preferential flow. 

Field investigation of the processes of highly mineralized brine migration in 
the unsaturated zone 

Annap.Bclousova, Alex P. Dudukalov ( Water Problena Institute of RAS, 10 Novaya Basmannaya Str., 
P. O. Box 231,107078 Moscow, Russia, E-niail:aiiabel@wapr.msk.su) 

For studying the mechanism of brines migration in unsaturated zone in the oil field, field investigations have 
been carried out, that were of a preliminary character. Field investigations were aimed at modelling the 

processes of soil salinization with brines and weakly mineralized artificial solutions to determine transporting 
and migratiottparanwters and also modelling the process of soil gypsum application for neutralizing brines 
effect on them. Experimental studies were carried out in two sites with an area of lm2 on the surface to the 
left and to the right fiom a ph 1.5 m deep, 1.5 m wide and 3.0 m long. Margins of the sites haw been 

thoroughly banked up to prevent overflowing of solutions over the site limits. One site was tor industrial 
brines of chloride - sodium composition ( nuneralization being 137917 mg/1, density -"1.176 g/cm1), the 
other was for an tracer solution of chloride - sodium composition (mineralization being 1893 mg/1, density 
1.0 g/cms. The volume of solutions being introduced was equal to three vominesofporespaoein the filtration 
body. Soil sampling for water extraction have been taken from pit walls. The experiment lasts for two days. 

Preliminary data processing of brine and trace solution introduciiu; has shown that brine filtration 
intensity is twice as large as trace solution. Here, it should be coiisidered, that the oriiw used m the experiment 
has a minimal mineralization and density, if compared with the most widely spread types of industrial brines, 
characteristic for this oil field. Thus, more mineralized and dense brines will filtrate through unsaturated zone 
even more intensively. Under brine migration in the upper profile (0 - 0.2 m) maximum salinization began to 
be formed at the end of the first day, and during the first day soils were not saline, but by the end of 

experiment maximum salinization has been formed in this layers. In the second profile {0.2 • 0.4 m) soils 
were not saline for 10 hours, maximum salinization has been formed by the end of the first day, similar 

process was observed in the lower profiles, but maximum salinization began to be formed in them after 
14,19 hours. Under migration of trace solutions, quite a different picture was observed: all the soil layers 
gradually became saline during the experiment and maximum salinization has been fonned at a depth from 
0.2 to0.4m. Experimental data have confirmed our assumption on pressing failing the brines through the 

upper part of the saturated zone. 
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FLOW THROUGH FRACTURES IN VADOSE CHALK 

OferDahan'. Remit Nativ1, Eiloo. M. Adar2, Brian Berkowitz' 
1. The Hebrew University of Jerusalem, Israel, e-mail: dahano@agri.huji.ac.il 
2. Ben-Gurion University of the Negev, Israel, e-mail: eflon@bgumail.bgu.ac.il 
3. Weizmann Institute of Science, Israel, e-mail: ciberk@weizmann.weizmann.ac.il 

Flow and transport processes through fractures in the vadose zone were 
investigated in field experiments conducted on natural, relatively undisturbed, 
through-going fractures in chalk at an arid region in the northern Negev Desert, 
Israel. The experimental field method incorporates two main components: a) 
percolation ponds installed sequentially along a chosen fracture; and b) a 
compartmental sampler specially designed to collect the effluents drained from the 
ponds via the fracture. Combined with a multi-tracer test, this'method provides 
exclusive information on hydraulic behavior, transport phenomena, and flow 
trajectories within the fracture plane. Field experiments indicated that significant 
active-flow pathways prevail along the main fracture plane in dissolution canals. 
These canals usually appear where the main fracture is crossed by secondary 
fracture planes. As such, large portions of the fracture-plane surface are not 
hydraulically active. Flow rates into and out of the fracture openings did not reach 
steady state, or a clearly defined development tendency anywhere within the 
fracture plane during a five-day experiment, whereas the water head in the 
percolation pond was kept at a constant level (5 cm). Consequently, flow paths 
within the fracture plane, and turbidity of the drained effluent did not stabilize. 
These results influence modeling approaches regarding fracture flow in unsaturated 
chalk in arid regions. 

USE OF DYE TRACERS FOR THE IDENTIFICATION OF 
SOLUTE TRANSPORT IN THE VADOSE ZONE 

Markus Flury 
Department of Crop and Soil Sciences, Washington State University, 
Pullman, WA 99164, USA, fluryOmail.wsu.edu 

Dyes are useful tracers to stain the flow pathways of water and solutes in 
the vadose zone. The application of dyes to the soil surface and the sub- 
sequent excavation and examination of the trench face reveals a detailed 
picture of the often highly irregular flow patterns encountered in porous 
media, in a spatial resolution that currently no other sampling tech- 
nique can achieve. Dyes have been used to stain flow pathways already 
for decades. Many different dyes have been used as tracers. Recently, 
advances have been made in respect to quantify dye concentrations in 
soils. New image analysis techniques have been introduced and show 
promising results. This presentation reviews the use of dye tracers to 
stain flow pathways in the vadose zone. The different dye tracers used 
in the past are discussed and new analysis techniques are demonstrated. 

MULTIPLEXED   FOUR-DIMENSIONAL   FIBER-OPTIC   FLUORESCENCE 
FOR IN-SITU DETECTION OF SOIL AND GROUNDWATER TRACERS 

Veronique Eliet (1), Giovanni Bidoolio (1), Domenico Ferrari (1), Fabrizio Sena 
(1), Alfred Springer (1), Reinhard Nießner (2), Ulrich Panne (2) 
(1) Environment Institute, Joint Research Centre, European Commission, 
Ispra, Italy; (2) Institut für Wasserchemie, Technischen Universität München, 
München, Germany 
giovanni.bidoglio@jrc.it/Fax:+39-332-78.93.28 

In-sKu measurements are of utmost importance for hydrolog'cal 
characterization and for rapid diagnosis of contaminated sites. A fiber-optic 
based laser system has been developed to allow in-situ analysis of fluorescent 
chemicals at different locations. The system is divided into two main modules 
mounted on a mobile rack. The central one contains the excitation source (a 
Nd:YAG pulsed laser) coupled with a Raman shifter and 8 ffcer-optics up to 50 
m length, and the detection module including an intensified gated CCD camera 
connected to an imaging spectrograph. The system allows four-dimensional . 
fluorescence analysis, i.e., signal resolution in terms of different excitation and 
emission spectral features, and different fluorescence decay times. This 
facilitates a selective identification of multiple fluorophore tracers and their 
discrimination against background fluorescence of natural organic matter. 
Multiplexing of the 8 fiber sensors allows simultaneous analysis at different 
locations and monitoring of tracer plume movement. The performance of the 
system is currently tested in a soil monolith comprising 18 elemental cubes 
filled severally with uniform soil media generating geometrically regular 
heterogeneity. Results of time-resolved fluorescence measurements of 
mixtures of humic substances and fluorescent chemicals are reported. 

CHARACTERIZATION OF INFILTRATION IN UNSATURATED POROUS 
MEDIUM USING FLUORESCENCE EFFECTS 

CANDOLA f.—' ABRIAK NX», HAVTRKAMP R." 
* Ecote des Minn de Douai, 941 ru« Chirles Bouraeul, BP 838 - 59508 Douai Cede* 

Fax: (33) 03-27-7I-2S-25; e-mail: gtndota@mum-dotiai.fr 
•• Labontoire d'Etude des Tnuufem en Hydrologie et Knvnxmnement, LTHE, UMR 5564 -CNRS- 
UJF-INPG-ORSTOM. Grenoble. 

Characterization techniques such as disc infiltrometers and Ouelph 
penneameters air commonly used for the determination of soil 
hydraulic properties. The analysis of the measurements performed 
with these devices should take into account the muhi-directionnal 
flow effects. However, the phenomenon of three dimensional 
infiltration is difficult to measure with the classical devices (TDR or 
neutron probes combined with tenstometers), as the evolution of both 
volumetric water content and soil water pressure have to be 
monitored simultaneously at different depths and locations. 
Moreover, the use of various probes would significantly disturb the 
geometry of the flow volume.We propose in this study an 
experimental non-destructive laboratory method for the observation 
of axisymmetrical infiltration in an unsaturated porous medium. The 
method is baaed on the visualization of the infiltration phenomenon 
by the use of fluorescence. It allows to observe with great accuracy 
the evolution of the wetting front during the infiltration phase. 
Simultaneously, we propose an Image analysis based on 
morphological binary mathematics for the determination of the flow 
parameters. 

A MULTIPLE TRACING EXPERIMENT TO DETECT FLOW- 
PATHS IN FOREST SOILS 

H. Feyen, A. Papritz, H. Wunderli and H. Flühler 
Soil Physics, Institute of Terrestrial Ecology, ETH Zürich, Switzerland. 
feyemtito.umnv.ethz.ch 

For a correct interpretation of the nitrogen budget of forested ecosystems it is 
necessary to have information on water flow in the macroporous forest soils. 
To support a study on nitrogen cycling at a larger scale, we investigated the 
flowpaths of water in two sloped plots (15m2) with distinct soils. The drier plot 
is covered with a raw humus top soil and has a partly oxidized, well structured 
subsoil. The wetter plot has a muck humus top layer and a fully reduced clay 
layer with macropores and old tree roots up to -30 cm. Before the application 
of the tracer cocktails the plots were continuously irrigated (6mm/h during 
12 hours) to obtain steady flow conditions. The runoff of the soil plots was 
measured in three different depths and samples were taken flux dependently. 
Three anionic and four dye tracers were applied as pulses into the subsoil and 
at the surface. We tested the hypothesis of preferential flow in both the subsoil 
and in the humic topsoil. Breakthrough curves of tracers injected directly into 
the subsoil were compared with those of tracers applied at the soil surface. 
Preliminary results favour the hypothesis concerning the flowpaths in the gleyic 
subsoil. However, preferential flow in the topsoil could only be observed after 
tracer applications with a high application rate. There was no evidence for 
preferential flow of tracers applied at the surface at moderate application rates. 

APPLICATION OF CHLORIDE AND OXYGEN-18 AS VADOSE 
ZONE TRACERS UNDER TEMPERATE CLIMATIC CONDITIONS 

J.CGehrels (1), J J. de Vries (2) 
(1) Netherlands Institute of Applied Geoscience TNO - National Geological 
Survey, Delft, (2) Vrije Universiteit, Faculty of Earth Sciences, Amsterdam 
j.gehrels@nitg.tno.nl/Fax: +31-15 2564800, 

We studied the movement of soil water through a deep vadose zone of a sandy 
hill in the central part of the Netherlands. The behaviour of soil water was 
tracked by monitoring soil water fluctuations and changes in the' 
environmental tracers oxygen-18 and chloride in vertical profiles at test sites 
with grassland, heathland and forest vegetation. The chloride profiles show 
high concentrations in the root zone, sharply dropping below the root zone to 
lower and rather constant values. The average oxygen-18 composition shows 
that, in spite of a moisture deficit during summer, part of the summer 
rainwater infiltrates to below the root zone. The decreasing chloride values 
and the oxygen-18 composition are explained by preferential flow of less 
concentrated rainwater bypassing the root zone quickly. Oxygen-18 exhibited 
a clear seasonal fluctuation below the low vegetation covers from which the 
soil water infiltration rate could be calculated. This clear seasonal pattern 
suggests that below the root zone, the soil water movement is dominated by 
diffuse flow. The profiles from both chloride and oxygen-18 show that the soil 
water flow mechanism is best described by preferential flow combined with 
diffuse flow in the root zone and diffuse flow in the percolation zone. 
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RADIOACTIVE TRACERS VOK THE IN SUV AND LABORATORY DETERMINATION OF 
THE HYDRAULIC PROPERTIES OF SLOWLY PERMEABLE POROUS MATERIAL 

P. CSerard-Marchant fl-2i. O. Bcaudohur (11. P. Calmcls (11 
(1) CEA/DAMRI/SAR/SAT, (2) Laboratoire i'üaäs des Transferts en Hydrologie 
et Eüvlioonement 
gaardmarc@chartrouse.cea.fr / Fax: +334.76.88.51.34 

The knowledge of the hydrodynamlc characteristics of slowly permeable soils 
becomes a major concern for both soil physics and leotechnics, as regards to 
environmental protection and waste-repository sites management Two methods 
of determination of these characteristics, on the field and in the laboratory, are 
described and analyzed, which involve low or mean-life radioactive tracers. 
The field method is based on the injection of 99mTcln a double-ring under a 
constant ponded head. An accurate in-situ estimation of the unsaturated water 
flux is thus obtained within a lew houis. 
The laboratory method studies the diffusion and the permeation of tritlated 
water in a soil sample, under various boundary conditions. Long-time 
experiments give information on both the unsteady and steady hydraulic 
properties of the sampled material. 
In order to compare these methods one to the other, field experiments were 
(»ii^eted on a natural silt and a mixture of fine sand and bentonite. Samples 
were then taken and tested in the laboratory. Excellent agreement was obtained 
between field and laboratory results. The laboratory technique could then be 
used to reproduce and/or predict field experiment«. 

MEASURING WATER FLOW AND SOLUTE TRANSPORT UNDER 
NATURAL BOUNDARY CONDITIONS IN A LOAMY SOU, PROFILE 

D. Jacques, A Timnvrman and I. Feyen 
ILWM, KULeuven, Belgium. 
e-mail: diederik.jacques@agr.kuleuven.ac.be FAX: +32 16 32 97 60 

Some experimental results of a solute transport experiment under natural boundary 
conditions in a loamy soil profile are presorted. The objectives of this research are 
(i) to investigate water flow and solute transport processes uiider wural conditions 
at the field-scale, and (ii) to obtain detailed data for the validation of different 
simulation models. Along a transect of 6.5 m and at 5 depths (to 1 meter depth), 60 
coated and 60 uncoated time domain reflectrometry (TDR) probes are installed. The 
TOR probes measure ftequentely both resident solute concentrations and water 
contents. To calibrate the TDR probes, small soil samples were taken and 
calibration experiments are performed in the laboratory. In addition, 60 
tensiometers and 15 temperature probes are installed to measure pressure heads and 
temperatures in the soil. All measurements are done using an automated system 
which provides a dataset with high resolution in both time and space. Top boundary 
conditions are measured with vertically installed TDR probes. Passive capillary 
samplers (PCAPS) are installed at two depths to measure the water and solute flux. 
In this way, the importance of macropore flow is investigated. Time series of 
resident concentration (TDR) and flux concentration (PCAPS) are compared with 
each other. 

ANALYSIS OF CHLORD3E MASS BALANCE IN A FIELD 
LYSIMETER 

Giendon W. Gee1 and Scott W. Tvler1 

'Battelle Pacific Northwest National Laboratory, Richland WA, USA 
glendon.gee@pnl.gov 
Desert Research Institute, Reno NV USA 

ri.edu 

Tr 

The chloride mass balance method has been widely applied to estimate the soil water 
flux and recharge in arid environments. In this work, we analyze chloride 
concentrations in soil water and drainage water from a long-term lysimeter facility 
located on the Hanford Reservation in eastern Washington, USA. The lysimeter is 
filled with sandy soil and had had observable drainage for the last 16 years. Soil 
samples, collected in 1996 from ten depths from the land surface to 7.16 m display 
chloride concentrations ranging from 4.5 to 6.9 mg/L. Recharge rates calculated 
from these soil water concentrations are approximately one-fifth those currently 
observed based on drainage measurements from the lysimeter. Drainage water 
chloride concentrations are also approximately one-fifth those observed in bulk soil 
samples. 

These data suggest that despite the two pore volumes of drainage occurring over the 
last 16 years, a portion of trie pore space has not been folly leached. Numerical 
analysis of both fully advectiVe and mobile/immobile transport models will be 
presented to shed light on the processes responsible for the observed differences in 
calculated and observed fluid fluxes. 

PARTITION PREFERENTIAL FLOW BY SEQUENTIALLY APPLYING 
CONSERVATIVE TRACERS 

K-J.S. Kung (1), E. Kladivko (2), D. Jaynes (3), T. Gish (4), R. Kanwar (5), C.F. 
Helling (4), LD. Geohring (6) and T.S. Steenhuis (6) 
(1) University of Wisconsin, Madison, WI USA, (2) Purdue University, West 
Lafayette, IN USA, (3) USDA-ARS National Soil Tilth Lab., Ames IA USA, (4) 
USDA-ARS Hydrology Lab,, Beltsville, MD USA, (5) Iowa State University, Ames, 
IA USA, (6) Cornell University, Ithaca, NY USA 
kung@calshp.cals.wisc.edu 

Leaching of adsorbed contaminants through preferential flow paths in agricultural soil 
has not been systematically studied. To gain a better understanding, five conservative 
tracers - bromide, chloride, 2,6di-fluorobenzoic acid (2.6DFBA), c-trifluoro-methyl 
-benzoic acid (o-TFMBA), and penta-fluorobenzoic acid (PFBA) - were applied to 
tile-drained plots in New York, Indiana, and Iowa and the tile outflow was monitored. 
The fields were irrigated twice for 10 hts with an intensity of 3 mm/hr. Four tracers 
were applied during the first event at 1,2,4 and 6 hrs after the start of rainfall. The 
fifth tracer was applied just before the second rain four days later. The results between 
the three sites were surprisingly similar The tracers applied 4 and 6 hrs after the start 
of the rain was detected in the tile line (at 80 cm) less than an hr after their application 
with total mass recoveries of 10-20%. The tracer applied at 1 hr had a travel time of 
approximately 4 hrs and only 4-6% of the mass was recovered in the tile outflow. The 
results indicated that sequentially applied tracers can partition preferential flow: We 
found that as soil surface became wetter, not only more water will move through 
preferential flow paths, but water will also move faster through the larger and/or more 
continuous preferential paths. 

i 
RECHARGE ESTIMATION OF THE CONEJOS-MEDANOS AQUIFER 
SYSTEM, NORTHERN MEXICO 

C. Gutierrez-Ojeda(I) 
(1) Institute Mexicano de fecnologia del Agua, SEMARNAP 
cgutiert@tajin.imta.mx / Fax (52 73) 19 43 41 

Sixty four samples from 1 to 58 m depth of the unsaturated zone were analyzed for 
moisture content, Cl, (2H and N03-N. The borehole is located near Ciudad Juarez, 
northern Chihuahua. The profile sediments are rather heterogeneous with a 
predominance of fine sand, some clay and silt and thin layers of caliche. Samples 
were obtained by dry percussion and contained in sealed glass jars. The interstitial 
water was extracted by elution; chloride and nitrate were determined by automated 
colorimetry while deuterium by direct reduction. The analytical results show that the 
mean chloride concentration of the unsaturated zone profile is 850 mg/I (range 61 to 
4,556 mg/1), for(2H is -56( (-71 to -340 and forN03-N is 4.28 mg/1 (<0.1I to 10.57 
mg/1). Considering a mean average precipitation in the area of 230 mm/year and a 
chloride rain content of 1 mg/1, we estimated a net palaeorecharge in the area of about 
0.27 mg/1 with a probable time scale profile of 17,000 years. These results are part of 
the current IAEA - Coordinated Research Programme Programme "Isotope based 
assessment of groundwater renewal and anthropogenic effects in water scarce areas". 

RADIOACTIVE TRACER TECHNIQUES USED IN SOIL HYDROLOGY 

L. Lichner (Institute of Hydrology, Slovak Academy of Sciences, Ratianska 
75,83008 Bratislava, Slovakia), e-mail: lichner@uh.savba.sk 

Because of the ease and speed of measurements, radioactive tracer 
techniques are a promising tool for soil hydrology. They serve for detailed 
investigation of water flow and solute transport in the unsaturated zone of 
soil. One type of measurement, obtained from the Geiger-Müeller detector 
placed at the preselected depth, represents concentration distribution over 
time. The other type of measurement, obtained by scanning the observation 
probe using the same detector, represents concentration distribution over 
depth. In both types of measurement, the counting rate is considered to be 
proportional to the tracer concentration. Using the scintillation detector, 
transport of several solutes with different mobility could be investigated. 
From a tracer leading edge displacement in the soil matrix, the bypassing 
ratio can be calculated in the representative elementary volume of a 
macroporous soil. The bypassing ratio can be used to estimate the irrigation 
and fertilizer efficiency and to predict groundwater vulnerability to various 
pollutants. Radioactive tracer technique can also serve in batch experiments 
or combined batch-column circulation experiments for determining the 
sorption of solutes by soils/Solution is spiked with proper radioactive tracer 
and the amount of isotope disappearance in solution is measured using 
scintillation counting. 
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CADMIUM TRANSPORT IN A STRUCTURED LOAMY SOIL 

C. Lichner. A. Svoboda (Inst. of Hydrology, Slovak Academy of Sciences, 
Rafianska 75,83008 Bratislava, Slovakia), e-mail: lichner@uh.savba.sk 
A. Cipakovä (Inst, of Radioecology, Garbiarska 2,04061 KoSice, Slovakia) 

The Danubian Lowland, situated in the south-west part of Slovakia, is a 
large (1260 km3) agriculturally utilized area. A shallow underlying aquifer 
contains about 10 km3 of freshwater. In this decade, an increase of 
groundwater vulnerability to cadmium has been noticed in that area. The 
aim of this study was to give evidence for a deep Cd penetration and 
estimate the maximal portion of Cd which moves preferentially along 
macropores in a loamy soil. Tracer measurements started at the site 
Kratovskä luka (Bodlky) after 17-days lasting warm and rainless period 
resulting in a crack formation and, thus, the worst conditions for groundwater 
environment were simulated. The first measurement was made immediately 
after ponding infiltrations of 1 cm of water marked with "'Cd3* and 13 cm of 
pure water. Relative Cd concentration distributions over depth were 
obtained by scanning the observation probe using 6-M detector. 
Considering Cd adsorption only and solute transport in the soil without 
macropores (retardation factor Ra - 670), all the Cd should be observed in 
the top 10 cm layer. But the tracer distributions have shown that more than 
40 % of applied "5Cd2* penetrated deeper due to preferential flow in 
macropores. The second measurement followed after 15 days, in which 25.4 
mm of rainfall was the cause of additional Cd displacement. 

UNCERTAINTIES IN ESTIMATING WATER FLUXES AND 
DATING PORE WATER IN AN ARID UNSATURATED SYSTEM 

Bridget R. Scanlon, 
Bur. Econ. Geol., Univ. Texas at Austin; scanlonb@begv.beg.utexas.edu 

Accurate estimates of water flux and residence time in unsaturated systems are 
critical for contaminant transport in arid regions. The main source of uncertainty is 
that associated with the conceptual model used to interpret the tracer data and the 
validity of model assumptions. Uncertainties in flux and age estimates based on 
environmental (racers were evaluated using tracer data from basins in the 
Chihuahuan Desert in Texas (USA). Chloride concentrations in pore water were 
evaluated using the chloride mass balance method. High chloride concentrations in 
interdrainage areas (mean 784 to 4330 g m*3) indicate low water fluxes (£ 0.5 mm 
yr~') below the upper 2 m in interdrainage areas and long residence times (32,000 to 
156,000 yr at - 25 m depth). Low chloride concentrations in drainage areas (mean 
30 to 600 g m"3) indicate higher water fluxes in drainage areas. Long residence 
times for water in interdrainage areas were corroborated with data from radioactive 
decay of ^O. There are a variety of assumptions associated with the chloride mass 
balance model such as one-dimensional, vertically downward, piston flow (i.e., no 
preferential flow or dispersion) and constant chloride deposition. Each of these 
assumptions was tested using information from other tracers such as 3H, ^CUCl, 
2H, and "O and soil physics data. Analysis of the tracer data indicates that most of 
the assumptions are valid in interdrainage areas; however, many assumptions are 
invalid in drainage areas such as playas. This study underscores the importance of 
critically assessing model assumptions when evaluating tracer data. 

INTERACTION OF SURFACE- AND GROUND WATER 
IN HEADWATERS OF THE LESSER CARPATHIAN REGION 

AN INEXPENSIVE FLOW-THROUGH FIELD 
FLUOROMETER FOR TRACER TESTS 

Pavol Miklanek, Pavla PekärovA (Institute of Hydrology SAS, 
Raöianska 75,830 08 Bratislava, Slovakia, e-mail: ncihp@uh.savba.sk) 

The paper deals with an analysis of interaction between surface- and 
groundwater in the Lesser Carpathian region. The analysis was based 
on the data monitored by EH SAS weekly (fortnightly) during the 
period 1991-1995. In the samples of rain-, surface- and groundwater, 
the following chemicals were analysed: nitrate, nitrite, ammonia, 
sulphate, chloride, phosphate, as well as pH. To determine the 
interaction between surface and groundwater, the chloride and the total 
nitrogen was used as a tracer. The maximum nitrate concentrations in 
surface water were found in February - April, the minimum ones in July 
- October. In groundwater, the occurrence of the extreme values was 
delayed for 120 - 150 days in the dry year 1992/93, while in the wet 
year 1993/94 the delay was only 30 - 60 days. In a dry year, the 
penetration of nitrates into groundwater is slower and weaker than in a 
wet year. The mean annual nitrate concentration in groundwater was 
33.6 mg.1"1 in a dry year and 44.6 mg.l'1 in a wet year. 

P.-A. Schnegg 
Group of Geomagnetism, University of Neuchätel 
Rue de l'Observatoire' 58 
CH-2000 Neuchätel, Switzerland 
Pierre-Andre.Schnegg @ on.unine.ch 

In order to simplify sampling dye tracers in water streams without 
having to invest money in expensive systems, we developed a rugged, 
highly sensitive flow-through field fluorometer. This apparatus was 
tested successfully for 2 years in the field with fluorescein and 
sulforhodamine. The submersible part is connected to the digital data 
logger.The data is written to a standard PC-compatible PCMCIA 
memory card allowing 2 weeks of unattended recording at 1 sample 
every 4 minutes or 14 hours at 1 sample every 10 seconds. A 
sensitivity as low as 0.05 ppb is achieved routinely with fluorescein 
(wide dynamic range: 16 bits). Simultaneous concentration 
measurements of 2 tracers is possible, at the expense of reduced 
sensitivity, however. The apparatus can also be advantageously used 
in the laboratory, where discrete water samples are measured very 
quickly. 

TAGGED DNA-MOLECULES AS TRACERS IN 
HYDROGEOLOGY 

Tor Simon Pcdersen (1,3), Jacob Torgersen (2) and Peter Alestrom (2). 
(1) Norwegian Water Resources and Energy Administration, Hydroloy 
Department. (2)Norwegian College of Veterinary Medicine, Department of 
Biochemistry,   Physiology   and   Nutrition.   (3)   Department   of Geology, 
University of Oslo 

DNA-tags offer new features to tracers, where qualitative detection of 
individual tracers emerging from different sources has enormous potential to 
assist many aspects of pollution studies. The nature of nucleic acids as carriers 
of genetic information makes them suitable for carrying a wide variety of 
information. Alpha-numeric information containing specifications like names, 
dates, batch numbers, etc. can easily be defined as a DNA sequence. ID-tag 
designed DNA-molecules are chemically synthestsed and applied to the 
substance to be labeled. Detection and reading the information content is carried 
out by the polymerase chain reaction (PCR), a method widely used in 
biomedical research, forensic medicine, diagnostics, etc. Results from a series 
of DNA-tag injections under the bonom mudlayer of a small lake (Puttjem 
outside Oslo) show that DNA-tags could be demonstrated at certain loci in the 
railway tunnel Romeriksporten, ca. 70 m below the small lake . The DNA-tags 
were strongly diluted, but could still be both detected and read. One explanation 
for the successful use of naked DNA molecules is that the tags have to a large 
extent been'exposed to pure water, with little or no organic material. Laboratory 
experiments to test the stability of DNA tracers in the unsaturated zone is under 
completion at the Department of Geology, University of Oslo. A field study at a 
lysimeter trench is initiated with the aim to identify preferential flow in the 
uhsaturated zone by the use of DNA tracers along with conventional tracers 
and will be carried out in the first half of 1998. 

PREFERENTIAL FLOW AS INDICATED BY BRILLIANT BLUE 

P. Somogyi (1), R. Berndtsson, (1), J. Albergel, (2), S. Nasri, (3), A. Bahri (3), P. 
Zante(2) 
(1) Department of Water Resources Engineering, Lund University, Sweden, fax 
+46-46-2224435, (2) ORSTOM, French Institute of Scientific Research for 
Development Cooperation, Tunis, Tunisia, (3) INRGREF, Natural RL search Institute 
for Agricultural Engineering, Water, and Forestry, Tunis, Tunisia. 

An often-encountered problem in agricultural areas is rapid transport of pesticides and 
fertilizers through cracks and fissures by preferential flow. This transport is several 
times higher than the average rate through the average soil matrix. Field investigations 
regarding preferential flow were conducted within an EU cooperation (HYDROMED: 
Research program on hill reservoirs in the semiarid Mediterranean periphery) to reveal 
consequences of this phenomenon. A 20-year rainstorm was simulated using a rainfall 
simulator and water mixed with dye. Vertical sections of 2.5-cm thickness were 
excavated and photographed. The results showed that different physiographical areas 
(nose, slope, and hollow) of the catchment displayed significantly different response 
to the infiltrating dye. Nose and hollow areas exhibited largest susceptibility to 
preferential flow. Here infiltrated dye was transported to the greatest depths. Nose 
areas showed a greater horizontal dye distribution in the upper 30-cm as compared to 
hollow areas. Slope indicated a similar dye distribution as nose areas, but with less 
deep cracks and fissures. The results show that different parts of the catchment have 
different properties regarding preferential flow. Possible results from dye experiments 
can be used to delineate areas of different susceptibility to preferential flow within the 
catchment to be used in model simulations. 
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Non-distructive investigation of the root zone with help of 
a Deuterium-tracer 

M. Sonnleitner and R. Schulin 
(ETH Zürich, Institute of terrestrial Ecology, Grabenstr. 3, CH- 
8952 Schlieren, Switzerland) 
e-mail: sonnleit@ito.umnw.ethz.ch 

Rising atmospheric CO 2 concentrations have a direct impact on the 
water budgets of forest ecosystems. This might be due to reduced 
stomatal conductance, raised leaf area index or enhanced.root growth 
and thus improved water supply. In a long term lysimeter experiment 
the water balance of young mixed beech-spruce forest ecosystems is 
determinded weekly. To be able to determine CO2 induced 
differences in root water uptake without disturbing these ecosystems 
a deuterium tracer was applicated on 8 out of 32 ly simeters. After- 
two month soil cores were taken down to 75 cm depth and root mass, 
water content and deuterium concentration was determined. First 
analysis shows a slower transport and less regained tracer under CO2 
treatments compared to non CO2 treatments. Especially in the middle 
parts of the profile less tracer was found. In a further analysis it will 
be tested if mis feature can be correlated with the root distribution. 

COLLOIDAL PARTICLES AS NATURAL TRACERS FOR PROCESSES 
IN UNSATURATED FRACTURED CHALK 

Nnam Weishrod1. Ronit Nativ1, Eton Adai2, Daniel Ronen3 

(1) The Seagram Center for Soil & Water Sciences, The Hebrew University of 
Jerusalem, Rehovot, Israel; e-mail:weisbrod@agri.huji.ac.il (2) Institute for Desert 
Research, Ben-Gurion University of the Negev, Israel (3) Research Department, Israel 
Hydrological Service. 

Void geometry of natural fractures is generally considered stable over short periods of 
time. Our research demonstrates that natural fracture surfaces of chalk can be modified 
rapidly as a result of intermittent flow. A series of flow experiments conducted in 
customized flow-cells containing coated and uncoated surfaces of naturally fractured 
chalk showed that the topographies of fracture surfaces changed by hundreds of microns 
during intermittent flow (hours) of rain water. Changes resulted mainly from the 
detachment of Brownian-particles from the fracture surface. Natural surface coating 
significantly increased the amount of particles detached from the fracture surface. 
Alteration between percolation of industrial wastewater and synthetic rainwater along 
the fracture surfaces increased both the surface subsidence and the fraction of large-size 
aggregates detached from the surfaces. These processes, observed in the laboratory, were 
also documented in the field. According to our observations, (1) void geometry of 
unsaturated fractures in chalk can change significantly over short periods Of time, 
primarily as a result of particle detachment; and (2) interaction with industrial 
wastewater may eventually lead to the collapse of the fracture surface. Some of the 
particles may clog the hydraulic aperture of the fracture in critical necks and change the 
flow-channels within the fracture. Conversely, some of the detached Browman particles 
may eventually reach the saturated zone and facilitate contaminant transport 

PREFERRED FLOW PATHS IN A DRAINED GRASSLAND PLOT 

Stamm. C. H. Flühler, R. Sennet, J. Leuenberger, H. Wunderli, and H. Wydler 

Soil Physics, Institute of Terrestrial Ecology, ETH Zürich, Grabenstr. 3, 8952 
Schlieren, Switzerland 
email: stamm@ito.umnw.ethz.ch 

We studied lateral preferential flow into a tile drain in a multitracing experiment on a 
slightly sloping plot of 20 by 7.3 m. Various tracers were applied simultaneously at 
different lateral distances from the tile drain. We sequentially applied three different 
tracer combinations: conservative tracers (HDO, Br, Cl), fluorescent dyes (Amino-G- 
Acid, Sulforhodamine B, Brilliant Sulfaflavine), and two dye tracers (Brilliant Blue 
FCF, Acid Red 1) to stain the infiltration paths. During the experiment, the water 
table rose close to the soil surface in the center of the plot. Outflow was not 
restricted to the tile drain. Most of the water seeped out from two 3 m wide profiles 
excavated at the lower and the upper ends of the plot. The tracer breakthroughs 
demonstrated rapid vertical as well as lateral transport. However, the stained 
infiltration patterns did not reveal indications of lateral preferred flow paths. 
Numerical simulations demonstrate that the uneven outflow behavior from the upper 
and the lower profiles is hard to reconcile with the high water table in the center of 
the plot unless fast lateral transport occurred close to the soil surface. The results 
demonstrate that the flow paths in the plot can only be studied properly if their 3- 
dimensionality is taken into account. The understanding of the flow paths in the plot 
is strongly enhanced by the use of methods giving complementary information: 
conservative tracers applied at different locations, dyes to stain flow paths arid 
measurements on the spatial distribution of outflow and of the water table elevation. 

COLLOIDAL PARTICLES AS NATURAL TRACERS FOR PROCESSES 
IN UNSATURATED FRACTURED CHALK 

Noam Weidimd1. Ronit Nativ1. Eilon Adar2. Daniel Ronen3 

(1) The Seagram Center for Soil & Water Sciences, The Hebrew University of 
Jerusalem, Rehovot, Israel; e-mail:weisbrod@agri.huji.ac.il (2) Institute for Desert 
Research, Ben-Gurion University of the Negev, Israel (3) Research Department, Israel 
Hydrological Service. 

Void geometry of natural fractures is generally considered stable over short periods of 
time. Our research demonstrates that natural fracture surfaces of chalk can be modified 
rapidly as a result of intermittent flow. A series of flow experiments conducted in 
customized flow-cells containing coated and uncoated surfaces of naturally fractured 
chalk showed that the topographies of fracture surfaces changed by hundreds of microns 
during intermittent flow (hours) of rain water. Changes resulted mainly from the 
detachment of Brownian-particles from the fracture surface. Natural surface coating 
significantly increased the amount of particles detached from the fracture surface. 
Alteration between percolation of industrial wastewater and synthetic rainwater along 
the fracture surfaces increased both the surface subsidence and the fraction of large-size 
aggregates detached from the surfaces. These processes, observed in the laboratory, were 
also documented in the field. According to our observations, (1) void geometry of 
unsaturated fractures in chalk can change significantly over short periods of tune, 
primarily as a result of particle detachment; and (2) interaction with industrial 
wastewater may eventually lead to the collapse of the fracture surface. Some of the 
particles may clog the hydraulic aperture of the fracture in critical necks and change the 

' flow-channels within the fracture. Conversely, some of the detached Browman particles 
may eventually reach the saturated zone and facilitate contaminant transport. 

1 

OVERVIEW OF INERT TRACER EXPERIMENTS TO CHARACTERISE 
TRANSPORT PROPERTIES OF SOME BELGIAN SOILS 

J. Vanderborght J. Diels, C. Gonzalez, D. Jacques, D.-J. Kim, D. Mallants, A. 
Timmennan, M. Vanclooster, L. Hubrechts, and J. Feyen, 
ILWM, KULeuven, Belgium. 
e-mail: jan.vanderborght@agr.kuleuven.ac.be FAX: +32 16 32 97 60 

Leaching experiments were carried out in a range of soils with different texture: 
two sandy soils, a sandy-loam, a loam, and two silt-loam soils. During a leaching 
experiment, the replacement of the initial soil solution by a tracer solution (CaCl2), 
was monitored at several depths in the soil profile using time domain reflectometiy 
(TDR). Time series of in-situ measured tracer concentrations were used to identify 
an appropriate transport model (convection-dispersion, stream tube model, or 
mobile-immobile model) and the model parameters. All experiments were carried 
out in undisturbed soil monoliths (0.3-1.0 m I.D. and 1.0 m length) or in a field 
plot where solute concentrations were measured along a 8 m long transect. For the 
loam soil, a comparison between the field- and column-scale (0.3-m I.D. and 1.0 
m) experiment revealed that field-scale solute transport could be predicted 
relatively well from transport measured in the monoliths. In all soils, the solute 
dispersion increased largely with increasing flow rate. The dispersion was the 
smallest in an intermediate textured soil (sandy-loam). In other soils, the dispersion 
was larger either due to preferential flow through large pores (cracks, worm holes, 
decayed root channels) (fine textured soils) or due to funnelling flow resulting from 
unstable wetting fronts or local differences in soil texture (coarse textured soils). 

THE USE OF FLUORESCENT MICROSPHERES AS TRACERS IN THE 
UNSATURATED ZONE OF THE CHALK 

Ann Williams (1) and Rob Ward (2) 
(1) British Geological Survey, Wallingford, OX10 8BB, UK. (2) British Geological 
Survey, Keyworth, Nottingham, NG12 5GG 
atw@bgs.ac.uk 

The aim of this investigation was to determine whether paniculate matter could 
penetrate a significant thickness of unsaturated Chalk. The simple test described 
here used fluorescent microspheres of three diameters (1, 6 and 10 urn) and 
bacteriophage as paniculate tracers as well as lithium bromide as an ionic tracer. 
The test was not designed to determine under which natural conditions such 
transport would occur, merely whether it was possible at all. To give the best 
chance of success, the soil was removed from the 7m x 7m site exposing a bare 
chalk surface. The unsaturated zone at the site was some 20m thick. The profile 
was fwetted-up' by irrigation until a response was seen at the water table. The 
tracers were then applied to the exposed Chalk surface and the water table was 
monitored by sampling from a borehole in the centre of the plot The site was 
irrigated lightly during the sampling period. Some months after the application of 
the tracers two cored boreholes were drilled within the site and core samples were 
analysed for the presence of the tracers. Bacteriophage and the 6 um spheres were 
detected at the water table during the sampling from the borehole. The core samples 
revealed that the larger spheres and most of the smaller spheres had been 'held-up' at 
discrete levels within the profile. These levels correlated with low permeability 
features within the core. 
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PREFERENTIAL FLOW IN A SMALL AGRICULTURAL CATCHMENT: 
FIELD STUDY AND UPSCALING CONCEPT. 

E. Zehe, E. Plate 
Institut for Hydrologie & Water Recourses Planing, University of Karlruhe, 
erwiazehe@bau-verm.uni-karlsruhe.de 

Infiltration patterns produced by dye tracer experiments are often used to classify 
the infiltrational behaviour of small plots into categories like "preferential" or 
"classical". The decision whether an infiltration pattern is preferential or not, is 
mostly made by the experimentator in a pure descriptive way. In order to find out 
which combinations of initial and boundary conditions (e.g. moisture, soiltype etc.) 
lead to preferential flow it is necessary a) to form groups of similar infiltration 
patterns in an objective way and b) to find significant dissimilarities between the 
initial and boundary conditions which may explain the partitioning of the infiltration 
patterns into the different groups. Infiltration patterns from 14 different field sites at 
the weiherbach-catchment may be represented by some simple statistical parameters 
and divided into three infiltration categories with a cluster analysis. The partition 
into the three categories may be explained by differences in the initial and boundary 
conditions the with a disicriminant process. The procedure works for dye patterns 
and for bromid data respectively. In principal the influence of data types like 
morphological data (e.g. soil type) on a nominal scale or interval-scaled parameters 
(e.g. moisture) may be taken into account. The forcast of the infiltration category of 
a new field site for different initial and boundary conditions with a discriminant 
function leads to a new upscaling concept for infiltration. 

HSA6        Hydrology and soil processes 

02  Scale  problems  of soil  hydrological 
measuring techniques 

Convener: Huwe, B. 
Co-Convener: Scherrer, S. 

Sponsorship: 

VARIOGRAPHY OF WATER CHARACTERISTIC FUNCTIONS AT THE 
iOm  SCALE IN A CONIFEROUS FOREST: 
COMPARISON OF LABORATORY AND FIELD METHODS 

M.Deurer (1), V/MM. Duijnisveld (1) and J. Boettcher (2) 
(1) Federal Institute for Geosciences and Natural Resources, Stilleweg 2, 
30655 Hannover, Germany, (2) University of Hannover, Institute for Soil Science / 
Division for Soil Ecology, Herrenhaeuserstr.' 2,30419 Hannover 
MarkusDeurer @ bgr.de / Fax: +49-511-643-2304 

To predict the acidification of an aquifer at a forested location with sandy soils the 
spatial and temporal dynamics of solute fluxes must be modelled. A simulation of 
heterogeneous water and solute fluxes is based on a detailed knowledge of the spatial 
structure of soil physical material properties. The small scale heterogeneity of water 
retention at our research site is analyzed using two different approaches of data 
aquisition. From a 10 m long and 1.5 m deep transect 350 soil cores were taken. The 
water characteristic functions of these samples were determined in the laboratory 
using 6 different suction heads. Along a second 10 m long transect located nearby at 
54 positions pairs of tensiometers and TDR probes were installed at 3 different 
depths. The water contents and matric potentials were used to derive field measured 
water characteristic functions for each position. The water characteristic functions of 
both data sets are scaled seperately and the scaling factors are subsequently analyzed 
with geostatistical methods to infer the spatial variography. 
Results of the laboratory and field method are compared and interpreted. 

SOU. MOISTURE MONITORING AT FIELD SCALE USING AUTOMATIC 
CAPACITANCE PROBES 

A. Chanzvm. J.C. Gaudu(l), D. Mohrath(l), J. Chadoeuf(2) 
I, INRA Science du Sol, Avignon, France. (2), INRA, Unite" de Biometrie, 
Avignon, France 

In this paper we analyse how the soil moisture at field scale can be inferred from a 
capacitance probe (CP). It makes very local measurements (-cm3), but can't be 
calibrated at this local scale. We propose to calibrate the CP by drawing up a direct 
relationship between the field average soil moisture and the CP measurements. 
Statistical consequences of such a calibration procedure are then discussed. Three 
experiments of several months were carried out on tilled fields to evaluate the CP 
against gravimetric measurements. Results show that the calibration relationships 
differ significantly from one CP to another. Once calibrated, the CP provides 
accurate soil moisture measurements with the exception of infiltration periods, 
during which preferential flows alter dramatically the CP representativity in 
comparison with the field. If several sites are implemented on a same field, 
measurements taken at the best site appear to be a good estimator of qr. Soil water 
storage (Ws) is well estimated by combining 4 to 7 CP in spite of the error induced 
by each CP. Moreover, the temporal variations in Ws are well measured over 
several days periods or between two days. 

SIMPLE TIME SERIES MODELS TO DESCRIBE NONLINEAR 
RUNOFF GENERATION 

H. Feyen, A. Papritz, H. Wydler and H. Flühler 
Soil Physics, Institute of Terrestrial Ecology, ETH Zürich, Switzerland. 
f eyenflito. umnw. ethz. eh 

The initial conditions of the groundwater level and the soil moisture deficit 
determine the extent of the nonlinear properties of the runoff generation. To 
quantify the effects of groundwater depth and soil moisture content on runoff 
generation, we conducted a controlled irrigation experiment. The subjects of 
this study were two sloped soil plots which were separated from their direct 
environment by trenches. The first plot has a muck humus topsoil and a fully 
reduced clayey subsoil. The second plot has a needle-covered mor humus topsoil 
and a partly reduced and well structured clayey subsoil. On these plots we 
applied a series of water pulses in a design that mimicked different combinations 
of initial soil moisture and groundwater conditions. For this purpose we used a 
mobile sprinkling device that was constructed to apply large pulses of water to 
the sloped plots. The runoff was collected in 3 depth layers and measured by 
means of tipping buckets connected to a datalogging system. Simultaneously, 
soil moisture content, soil water potential and depth of the groundwater table 
were monitored. The recorded hydrographs were modelled by means of simple 
discrete linear transfer functions. Subsequently, we looked for correlations of 
the parameters of the transfer functions with measured soil moisture contents 
and depth of the groundwater table. 
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DETERMINATION OF GRID SIZE FOR DIGITAL TERRAIN MODELS IN 
SOD, MOISTURE MODELLING 

(1) Igor V. Florinsky and (2) Galina A. Kuryakova 
(1) Inst. Math. Problems Biology, Pushchino, Moscow Reg., 142292, Russia 
(2) Moscow State Univ. of Geodesy and Cartography, Moscow, 103064, Russia 
floT@impb.seipukhov.su 

A basic problem of combined analyses of digital terrain models (DTMs) and soil data 
is determination of competent grid size of DTMs (w), that is, a DTM grid size best 
suited to modelling of relationships between topography and a soil property. In tact, 
one has to estimate typical sizes of relief elements that affect the soil property. We 
developed an experimental statistical approach for w determination. The approach is 
as follows: (a) derivation of a set of DTMs using a series of grid sizes, (b) 
correlation analysis of soil data with a set of DTMs, (c) graphical representation of 
correlation coefficients estimated versus grid sizes, (d) analysis of a plot obtained to 
determine its portions marked by smooth and relatively small variations in values of 
correlation coefficients. These portions relate to zones of w. We demonstrate an 
application of the approach developed to an analysis of the influence of topography 
on spatial distribution of surficial soil moisture on the south of Moscow Region, 
Russia. As DTMs we use data on slope gradient, plan, profile and mean landsurface 
curvatures. 

PROCESS TOMOGRAPHY IN THE HYDROLOGICAL SCI- 
ENCES: FIRST RESULTS 

B. Oswald (1,2), P. Pelican (2), D. Erni (1), H. R. Benedickter (1), W. 
Bächtold (1) and H. Flühler (2) 
(1) Laboratory for Electromagnetic Fields and Microwave Electronics, Swiss 
Federal Institute of Technology, CH-8092 Zurich, (2) Institute of Terrestrial 
Ecology, Soil Physics, Swiss Federal Institute of Technology, CH-8092 Zurich. 
osmld«ifh.ee.ethz.ch/Fax: [41J1 632 11 98 

In soil physics and process engineering laboratory experiments concerned with 
hydraulic transport phenomena of liquid and gaseous substances are typically 
carried out in column configurations (reactors). These phenomena are charac- 
terized by measurements like flow rate and/or volumetric water content at one 
or several points. However, the information contained in such measurements is 
minimal and in certain situations, e.g. multi-phase flow, a measurement tech- 
nique discriminating different phases does not exist. We investigate the ap- 
plicability of microwave tomography for the two-dimensional imaging of the 
interior of columns (reactors). This methodology employs the transmission of 
electromagnetic signals through a column setup. Like in medical tomography a 
circular geometrical arrangement will be used for the data aquisition, which is 
one-dimensional, namely transmitted voltage versus time. Therefore measure- 
ments must be taken from different azimuthal directions. The reconstruction 
of the spatial distribution of the dielectric properties, which can be related to 
quantities of interest via calibration functions, is an inverse and additionally 
ül-posed problem whose solution is based on regularization techniques. 

INSPECTION OF THE FLOW PATTERNS AND PARAMETER ESTIMATION 
OF CAPILLARY BARRIER SYSTEMS AT DIFFERENT SCALES 

M. Kämpf. T. Holfelder and H. Montenegro 
Institute for Hydraulic and Water Resources Engineering, TU Darmstadt 
mkaempf@hrz1.hrz.tu-darmstadt.de 

Capillary barriers, consisting of fine-over-coarse sand layers underneath a top 
son, are currently under investigation as an alternative cover system for landfills 
and waste heaps. Due to capillary forces at the textural contrast infiltrating soil 
moisture builds up above the interface and flows downdlp laterally. In order to 
inspect the relevant flow patterns in such a heterogeneous system and to 
develop applicable design criteria, experiments were conducted at different 
scales: core samples, In a 8 m long flume and on 40 x 10 x 3 m lysimeters 
under field conditions. In the field site the dynamics of soil moisture movement 
was recorded at the tensiometer/TDR scale; surface runoff and subsurface 
vertical and lateral fluxes were measured at large scale simultaneously. 

For design purposes effective hydraulic properties of the layers have to be 
determined to predict the fluxes with sufficient accuracy. Numerical simulations 
based on (1) parameter estimation on soil core samples and (2) calibration of 
hydraulic properties are compared with large scale observations on the test 
sites. A reliable prediction of the observed flow patterns was only achieved when 
the relevant flow process was consistent with the scale on which the hydraulic 
properties were determined. 

A non-invasive approach for measurements of near-surface water content 

M. Persson (1), R. Berndtsson, (1), J. Albergel, (2), S. Nasri, (3), A. Bahri (3), P. Zante 
(2) 
(1) Department of Water Resources Engineering, Lund University, 
Magnus.Persson@tvrl.lth.se, fax +46-46-2224435 
(2) ORSTOM, French Institute of Scientific Research for Development Cooperation, 
Tunis, Tunisia, (3) INRGREF, Natural Research Institute for Agricultural Engineering, 
Water, and Forestry, Tunis, Tunisia. 

Surface water content (w) is a key parameter in hydrologies! modeling as the soil 
surface represents the boundary between the soil system and the atmosphere. A 
non-invasive approach for measurements of near-surface water content and bulk 
electrical conductivity (EC) using time domain reflectometry (TDR) is presented. In 
this approach; an ordinary three-rod TDR probe is used together with a PVC surface 
block which surrounded half the measurement volume. Theoretical and experimental 
results show that an analytical solution of the apparent dielectric constant (K) and EC 
of the soil is possible. Thus, the suggested technique does not require separate 
calibration of the w-K relationship. The variability of the measurements was shown to 
be slightly higher than using the traditional approach. The spatial sensitivity of the 
suggested technique was also investigated. It was shown that using a three-rod TDR 
probe with a rod spacing of 0.05 m allows the w and EC to be measured in the 
uppermost two centimeters of the soil. The fact that ordinary three-rod probes can be 
used and that the surface block is simple and cheap to manufacture, makes it possible 
that any TDR system can be upgraded to near-surface measurements. 

INFILTRATION EXPERIMENTS AND SCALE EFFECTS 

Bruno Merz (1) and Andras Bärdossy (2) 
(1) GeoForschungsZentrum Potsdam, (2) Institut für Wasserbau, Universität 
Stuttgart 
bmerz@gfz-potsdam.de/Fax: +49-331-288-1810 

A data set of 31 infiltration experiments with infiltration excess overland flow is 
used to study the infiltration in a natural soil. The experiments are performed 
on different plots (1 m2) along a 90 m grass strip using a sprinkler infiltrometer. 
The experiments show a strong event-dependence: an increase of the rainfall 
intensity leads to an almost proportional increase of the infiltration rate, and 
to a small increase of the overland flow rate. It may be supposed that this 
phenomenon is a result of the small scale heterogeneity: larger rainfall rates 
tend to activate more effective flow paths. 
A process oriented, two-domain infiltration model for simulating the flow pro- 
cess in the matrix, the macropore system and the interaction is used to simulate 
the experiments. The representation of the plots as horizontally homogeneous 
areas does not yield the observed event-dependence. Assuming that soil matrix 
or macropore characteristics follow a probability distribution greatly increases 
the agreement between observation and simulation. Simulations with different 
model assumptions and parameterizations indicate that the infiltration behav- 
ior of the plots is strongly influenced by the heterogeneity of the macropore 
system. This small scale variability leads to the observed event-dependence 
and to a fundamentally different infiltration behavior at the point scale and 
the plot scale. A consequence is that infiltration experiments can be used for 
parameterization of infiltration models only if this scale effect is considered. 

Abstract 

The problem of the «rale dependency of transport processes ii traced back to the action of the 
variability of parameters on the rmcroscale, eg. the bydrauEc conductivity or tha adsorption 
constant of transport processes. Since the variability of these parameters is not introduced 
espSchry into the transport equations, it is hidden m the effective transport parameters the 
sohlte transport is described with usually. Regarding the variability of me riaraineters expBcray 
m the transport «qa«lic«n cm oe shown quantrattlvefyr^ 
bring about the so called scale effect on large scales. For this purpose methods from 
pertmbancAtbeorie and reoonnalization theory aniised,aiidnbsriownwhn2enir*^e%bow 
the variaKHry of the adsorption constant affects the transport on large scales. Herewith the 
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ASSESSMENT OF MORPHOLOGICAL PROPERTIES BASED ON 
CALCULATION OF INTERNAL AND EXTERNAL HETEROGENEITY 

RRotasifc. O. Wendroth, S. Koszinski, and W. Pohl (ZALF, Inst of SoU Land- 
scape Research, Eberswalder Str. 84,1S374 MOncheberg, Germany) 

Lack of knowledge exists concerning the spatial range of validity of functional soil 
properties in water and solute transport studies. First quasihomogeneous morpho- 
logical basic units have to be identified before they can be related to functional 
properties. Several methods using unseating and downscaling procedures in 
connection with narrow spaced, grid related investigations are already known. In 
this study volume or area elements, based on pixel data sets, were aggregated step- 
wise within the considered field or object (soil core, profile, field scale). Then for 
subunits of different size the so-called internal and external heterogenity were 
calculated. It concerns standard deviation of volume or area elements within the 
field or object (external heterogeneity) and standard deviation of pixels within 
volume or area elements (internal heterogeneity). Both parameters describe the 
morphology of structures in an inverse manner, they characterize the narrow 
spaced heterogeneity, the spatial distribution and size distribution of 
quasihomogeneous soil structural dements. Combined with geostatistical 
approaches the calculated internal and external heterogeneity provides information 
for the identification of morphological basic units. 

THE ACCURACY OF WATER CONTENT MEASUREMENTS WITH 
GROUND-PENETRATING RADAR: A MODEL EXPERIMENT 

C^jiexl and H. Stanjek 
Lehrstuhl für Bodenkunde, TU München, Am Hochanger 2, D - 85350 Freisini; 
Weihenstephan 
sperl@gaia.soil.agrar.tu-muenchen.de / FAX: +49-(0)8161-7l4466 

The Nyquist theorem relates the minimum sampling frequency to the smallest varia- 
tion within the sample. Strict application of this theorem to water content measure- 
ments on a field scale would therefore result either in prohibitively large sample 
numbers due to small probing volumes or in less samples, but with larger sample vo- 
lume. Upscaling of small-scale measurements done by TDR, tensiometry, or gravime- 
by, will therefore inevitably result in additional noise. 

Recently, a modification of the ground-penetrating radar (GPR) technique has shown 
that the soil water content can be determined non-destructively and rapidly in large- 
scale field surveys. The sampling volume of the method is about 1 to 2 m3 with a spa- 
tial resolution of a few meters. The Nyquist requirement is therefore fullfilled. Becau- 
se the accuracy of a model depends on the accuracy of the data used in the 
development of that model, we designed a field model experiment. In a sand-filled pit 
the accuracy, the dependence of the influence depth of the ground wave on the fre- 
quency and the sampling volume were ckecked at different water levels. Comparison 
with the gravimetric method and with TDR shows good agreement. 

DAILY OSCILLATIONS IN SOIL TENSIOMETRY: A FIELD 
EXPERIENCE 

C. SALVANY. P. LLORENS and F. GALLART 

Institut of Earth Sciences Jaume AJmera, CSIC, Sol i Sabar s, s/n, 
08028-Barcelona, Spain. 

csalvanv@ija.csic.es/Fax: +34 3 411 0012 

Continuous recording of soil water tensiometry frequently shows the 
occurrence of daily oscillations. Instrumental rather than actual soil 
behaviour causes have been usually claimed for these irregularities. A 
three-she experience in a mountain environment with simultaneous 
recording or weather, sou temperatures and forest transpiration 
demonstrated several types of oscillations. The aim of this work is to 
discuss the relationships between these oscillations and the other 
variables recorded, as well as to analyse the role of other factors, like 
rainfall events and the maintenance of the instruments. 

CHARACTERIZATION OF SOIL HTDRAULIC PROPERTIES 
OF A FIELD UNIT USING DIFFERENT METHODS 

M.Vilas (1), C. Salvany (2), R. Josa (3), JXatron (2), A. Hereter (3), L. 
Dahaau (3), N. C* ameras (3) 
(1) GPPG. Fac. of Geology, Univ. Barcelona, Mart i Franqu s, s/n, 08071- 
Barcelona. maria@antartida.geo.ub.es 
(2) Inst. Earth Sciences Jaume Almera, CSIC, Sol i Sabar s, s/n, 08028- 
Barcelona 
(3) ESAB. UrgeU 188,08036-Barcelona 

The soil hydraulic conductivity of an agricultural terrace with silt-loam soils 
was intensively measured in order to parametrize hydrological models 
within the VAHMPKE project The methods used include double ring 
permeameter, Guelph permeameter, as well as constant-head permeameter 
tests performed in the laboratory with disturbed samples. 
The use of these direct methods was complemented with geophysical 
methods like ground penetrating radar, seismic refraction and electrical 
soundings, that provided information on geometry and stratigraphy of the 
soils. 
The electrical method that is commonly used to determine rock formations 
and depth» in the ground, provide electrical resistivity values that can be 
related to hydraulic conductivities. Here the method has been applied to 
verify if the hydraulic conductivities obtained can be compared with field 
measurements and provide a method for upscaling point measurements 

HSA7 Open session on hydrology and living communities 

Convener: O'Kane, J.P. 

3D LIMNOLOGICAL MODELLING: METHODOLOGY 
AND TEST CASE 

M.P Bonnet, K. Wessen and J. Imberger 
Centre for Water Reseach  University of Western Australia 6009 Perth 
WA. 
bonnetecig.onsmp.fr/Fax: [33] (0)1 64 69 47 03 

A 3D ecological model is presented here . The hydrodynamic model uses 
the hydrostatic assumption in the vertical to solve the 3D Navier-stoke 
equation. A full ecological model has been added to this hydrodynamic 
model. It includes several phytoplankton and Zooplankton species, nu- 
trients (phophorus, nitrogen and silica), dissolved oxygen and organic 
carbon. A special attention was given to the sediment transport. In the 
water column, several size classes of particles are modelled. Aggregation, 
differentia! settling, resuspension and deposition are the main processes 
that affect the size distribution. A two layered sediment model is also 
included. Deposition, resuspension, consolidation and erosion are the 
major processes described in the model that affect the granulometry 
and the sediment layers thickness. The model was applied on the lake 
Burragorang (near Sydney, Australia) for two particular scenarios. The 
first one was the study of the impact of a strong wind event. The second 
was the study of a flood. 
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HYPORHEIC ZONE RESIDENCE TIMES IN FIRST-ORDER STREAMS 

M F Pampma K. E. Smith, J. A. Moirice, R M, Valett, C. N. Dahm, P.V. 
Unnikrishna, M. A. Baker 
Hydrogeoecology Group, University of New Mexico, Albuquerque, NM, USA 
aquadoc@unm.edu/Fax: +1505-277-8843 

The hyporheic zone, or stream - aquifer interface, is a region of mixing between 
surface water and ground water and often a region of intense biogeochemical 
activity. One factor determining the nature and extent of these biogeochemical 
reactions is the amount of time dissolved species reside in the hyporheic zone. 
This time, represented by a mean/median residence time, or better still, a residence 
time distribution (RTD), can be calculated using tracer data and an appropriate 
model. We use a simple compartment model, calibrated with bromide tracer data, 
to yntnfuii- the stream - hyporheic zone system and calculate hyporheic zone 
mean/median residence times and RTDs for reaches along two first-order streams: 
the Rio Calaveras (RC) and Gallina Creek (GC) in New Mexico, USA Each reach 
is approximately 2500m above mean sea level. The RC flows through an alluvial 
valley derived from a parent lithology of welded tuff. The GC is in an alluvial 
valley derived from granite and gneiss; its mean alluvial hydraulic conductivity is 
roughly four times that of the RC alluvium (0.004 versus 0.001 cm/s). The degree 
of stream - ground water exchange at GC is greater than that at RC, a fact reflected 
in the range of mean/median residence times, which range from a few hours to a 
few weeks, with mean and median residence times greater at RC. Our simple 
model provides results consistent with the OTIS numerical model. 

HSCI-04 - SOURCES AND TRANSFER OF WATER AND SEDIMENT IN 
MEDITERRANEAN RTVER BASINS 

We are in charge of the special hydrological symposium on Mediterranean river basins 
for the 1998 European Geophysical Society (EGS) General Assembly in Nice during 
20-24 April, and we invite all interested scientists to present their research on this 
topic.The main aim of the symposium is to contribute to the research of water and 
sediment budgets in river systems and will focus on areas under 'Mediterranean 
climatic conditions world wide. We welcome contributions on water and sediment 
sources, both natural and anthropic (agriculture, forestry, urbanization, etc.), and on 
their transfer to the river system by the hillsope and stream network. Oral and poster 
contributions are invited. Deadline for submission, by email to the EGS Office and 
copies to the convenors, is 15 January. It is expected that a selection of papers will be 
punblished in a special issue of a Hydrology and/or Earth Science Journal. Interested 
researchers are iinvited to contact the session organizers requesting EGS regitration 
and abstract forms. 

HURST'S LAW IN THE VARIATIONS OF THE KASPIAN SEA LEVEL AND 
THE ESTIMATING THE RANGES OF THIS VARIATIONS 

L. S. Kuchment and L. V. Pourovskyi (Institute of Water Problems, Russian 
Academy of Science, 10 Novaya Basmannaya St., Moscow, 107078 Russia, 
kuchment@warp.msk.su) 

Historical series of the Caspian sea level records for 105 years have been used to 
determine the dependence of the range of these variations upon the lag S. The Hurst 
approach and the variogram method have been applied. It has been shown that the 
rescaled range of die variations of the Caspian sea level is proportional to SAH with H 
is nearly 0.65 and these variations can be considered as a stohastic fractal. To explain 
Hurst1 s effect stochastic effect of the Caspian sea level series have been constracted 
(ARIMA(1,0,1), nonstationary water balance models with a feedback and without a 
feedback). The influence of series lengths and nonstationarity on the value of H has 
been investigated. It has been established that the value H changes with increasing the 
series length slowly and the value H can be considered as a constant for practical 
estimations (for periods of 100-200 years). 

HSA8 Hydrology    and    chemical    processes    - 
restoration    of   aquifers:    natural    and 
artificial attenuation 

01    Natural    attenuation   and   intrinsic 
bioremediation: field studies 

Convener: Grathwohl, P. 
Co-Convener: Totsche, K.-U. 

EVALUATION OFNATORAL BIOATTENUATION AT THE MACRO- AND 
MICROSCOPIC LEVEL: FIELD IMPLEMENTATION OF NOVEL 
MONITORING METHODS 

P. AdrJaans1, J V. Lendvay1, M. J. Barcelona1, S. K. Haack2. and W. Sauck3 

'Civil tad Environmental Engineering, Tbc University of Michigan, Ann Arbor MI, 
USA (adriaens0engin.umich.edu) 2 U.S. geological Survey, Lansing ML USA,3 

Department of Geology Western Michigan University, Kalamazoo MI USA 

The demonstration of natural attenuation in the field requires extensive 
characterization of me subsurface geophysical and biogeochemical condition« to 
provide information on in situ microbial activities and potential for contaminant 
biodegradation. A number of geophysical (GPR, Sonar), geochemlcal (H2 
measurements) and microbiological (phylogenetic profiling) monitoring techniques 
were applied to evaluate the bioremediation potential at a groundwater-surface water 
interface with Lake Michigan, and the capillary fringe zone below a fire training 
area, both contaminated »ith chlorinated solvents. The inherent differences in 
resolution afforded by these techniques allow for different levels of inquiry. The 
geophysical techniques aided In the resolution of plume migration and emergence, 
and reflected ionic contributions from respiratory processes. The dissolved hydrogen 
concentration allowed for a temporal and spatial characterization of dominant 
microbial electron accepting processes along cross-sections of the plumes.. The 
genetic techniques enabled the temporal resolution of the microbial community 
structure, which fa indicative of microbial biodegradative activities which can be 
expected to act on the' contaminants. A combination of these techniques with activity 
measurements in the laboratory and contaminant distributions within the plume 
allowed for an evaluation of the in situ natural bioattenuation potential at both sites. 
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INVESTIGATION INTO THE NATURAL ATTENUATION OF 
A DISSOLVED CREOSOTE PLUME 

T. ANTHONY «nd 1. F- BARKER 
University of Waterloo, Waterloo, Ontario, Canada 
tanthony@uwaterloo.ca or baikei@uwateilao.ca; fax:519-746-7484 

A methodology was developed and applied to investigate the natural attenuation 
possibilities, especially anaerobic bio-degradation, of a dissolved creosote plume at a 
wood preserving facility located next to a major river. 'Multiple lines of evidence 
were pursued to determine which natural attenuation processes are important at the 
site. These studies included: (1) literature searches for lab and field studies done 
under similar conditions to the field site, (2) site investigation work, including the 
novel use of a drive point profiler to obtain highly detailed 2D cross sections 
through the plume both inland and underneath the river, (3) lab microcosm and 
sorption experiments using site sediment and groundwater samples, (4) in-situ 
microcosms, and (5) reactive transport computer modelling. 

Results of the profiling show mat a large anaerobic plume, comprised mainly of 
naphthalene, is leaving the site and is discharging into the river 50 -90 m from the 
shore. The field evidence (contaminant ratios, modelling results) indicates that 
considerable mass loss of naphthalene, above and beyond that which can be easily 
explained by dispersion and sorption alone, occurs along trie flowpath before the 
plume enters the river. The initial results of the lab and in-situ microcosm 
experiments show no evidence of anaerobic naphthalene degradation. 

In spite of these initial microcosm results, anaerobic biodegradation of 
naphthalene is still considered a significant attenuation mechanism at this site. 

NATURAL ATTENUATION OF LANDFILL LEACHATE PLUMES ? 

Thomas H. Christensen, Department of Environmental Science and Engineering, 
Technical University of Denmark, Building 115, DK-2800 Lyngby, Denmark 
e-mail: thc9imt.dtu.dk 

Evidence of natural attenuation at two Danish landfills is presented and discussed in 
relation to the possible introduction of natural attenuation as a remediation 
technology for leachate plumes. The following issues are in particular of importance 
in this context: 
• The fact that landfills often are very large, having locally very heterogeneous 

hydrogeology and waste composition, may create more plumes of different 
characteristics from the same site. This complicates the detailed plume mapping 
needed to document attenuation of key leachate components in the aquifer. 
• The leachate contains different groups of contaminants Xdissolved organic 

matter, organic chemicals, heavy metals and inorganic ions), which all must be 
assessed. Organic chemicals and maybe ammonia seem most critical in leachate 
plumes. 
• The redox zones of the leachate plumes are important for the degradation of the 

organic chemicals. Thus, also determination of the redox conditions must be 
performed. By plume mapping, mass removal has been demonstrated at two 
landfills, but confirmation of the apparent degradation has not always been obtained 
by controlled experiments in the laboratory or by field experiments. For some of the 
organic chemicals half-lives of years have been observed; a fact that complicates the 
documentation of mass removal. In particular for benzene inconclusive results have 
been found. 

EFFECT OF THE NON LINEAR SORPTION OF POLYCYCLIC 
AROMATIC HYDROCARBONS ON THEIR TRANSPORT PROPERTIES 
IN ORGANIC SOULS 

J. C. Appert-Collin, S. Dridi-Dhaouadi, M O. SimonnoL M Sarrün 
Laboratoiie des Sciences du Genie Chimique, CNRS-ENSIC-INPL Nancy, Fiance 
Bmonnot@ensic.s-nancy£/ Fax: (+33) 03.83.32.29.75 

The present work takes place in the context of a global study on environmental 
risk assessment fcr PAH contaminated soils. One of its objective is the 
determination of soil sorption parameters of two pure PAHs (naphtalene and 
plmanlhieue) during their transport by water. It is well known that sorption is 
mainly controlled by soil organic matter (content, polarity, origin etc.). 
Continuous flow laboratory column experiments have been performed with three 
different porous media: a sand, a natural organic soil and a "model" soil (sand 
impregnated with a heavy satuied hydrocarbon as organic matter) representing a 
NAPL polluted soü. Sorption isotherms of both PAHs were determined thanks to 
the breakthrough curves. An important result is sorption non-linearity of both 
pollutants on the organic soil: sotption can be described by a Langmuir isotherm, 
while most literature review provides linear isotherms whatever soil type. Non- 
linearity is confirmed by breakthrough curve analysis. Another result is the 
difierent behaviour of naphtalene following soil organic matter composition: on the 
natural organic soil, isotherms are Langmuir type, as on the model soil, isotherms 
are Freundlich type (q » KC" with n>l). The importance of the non linearity on 
the biodisponibUity of PAHs is shown by using a transport model coupling 
adsorption and lD-disperstve-advectrve flow. 

IN-SITU CHARACTERIZATION OF NAPL AQUIFER CONTAMINATION BY 
PARTITIONING AND INTERFACIAL TRACERS 
J. Danzer', R. Klein1, B. Setarge1 and P. Grathwohl1 ('Applied Geology, Geological Institute, 
University of Tuebingen, Sigwartstr. 10, D-72076 Tuebingen, Germany, 
danzer@uni-tuebingen.de) 

Hydrophobie organic contaminants released from non-aqueous phase liquids 
(NAPL) impose a serious risk on groundwaterquality. NAPL can exist as coherent 
"pools" or residual phase ("blobs") within the aquifer. Depending on the NAPL 
volume the time scale of contaminant emission may be centuries or longer. The 
concentration in groundwater depends on NAPL volume and interfacial area between 
NAPL and water. The knowledge of these is essential for site characterization, risk 
assessment and planning in-situ aquifer remediation techniques. This paper describes 
characterization for NAPLs using partitioning (volume) and interfacial tracers. 
Laboratory studies (undisturbed soil columns, batch experiments) were conducted 
using coal tar contaminated material from a former manufactured gas plant site. 
Sulphur hexafluoride (SF6) and different alcohols (substituted pentanols) have been 
tested as partitioning tracers. An anionic surfactant (ethoxylated alkyl sulfate) was 
used as the interfacial tracer. The alcohols have a low but significant octanol/water 
partition coefficient K«», which was found to be between 24 and 240 and a resulting 
NAPLAvater partition coefficient between 1 and 22. The surfactant accumulates 
significantly at the NAPL/water interface. While these reactive tracers were not 
retarded by the natural aquifer material, they were retarded in the presence of NAPL 
with respect to the transport of a conservative tracer. The NAPL saturation was 
calculated from the retardation factor and the partition coefficients, which were 
measured independently in batch experiments. 

INTRINSIC BIOREMEDIATION OF VIRGIN NAPHTA IMPACTED SITE 

MaurizioBiizzelli. Paolo Carrera and Marco Cavinelli 
AMBIENTE S.p.a, maurizio.buzzelli@ambiente.snam.eni.it/Fax +39-2-52057130 

Intrinsic Bioremediation of dissolved petroleum hydrocarbons released from a 
virgin naphta contaminated site has been evaluated in a storage tank facility located 
in the Northern Italy, where approximately 300 m3 of virgin naphta spilled out. 
A dual pump extraction system (installed in three pumping wells) allowed the 
recovery of the floating phase, however the hydraulic barrier capture zone did not 
reduce the dissolved plume expansion. 
This study verifies the capacity of the phreatic aquifer to reduce the dissolved 
phase concentration below the regulatory standards monitored in each point of 
compliance installed close to the property boundary. 
A site characterisation has been carried out in order to achieve complete knowledge 
of the site-specific geologic and hydrogeologic data required to define a conceptual 
understanding of groundwater flow, plume location, plume direction, contaminant 
concentration and attenuation over time and distance. 
Microbial enumerations provided evidence that the microorganism hydrocarbons 
degrade» were present. 
Shallow monitoring wells were installed along the groundwater flow pathways and 
were sampled for intrinsic remediation parameters. The monitoring activities have 
been carried out quarterly. 
The results indicate that the groundwater contamination is attenuated to accetable 
standards within 150 m from the source area, and that the plume is stable. 

NATURAL ATTENUATION PROCESSES IN A BTEX PLUME 

M. Eiswirth, H. Hoetzl, B. Reichert, K. Weber 
Department of Applied Geology, University of Karlsruhe, Kaiserstr. 12, 76128 
Karlsruhe, Germany, matthias.eiswirth@bio-geo.uni-karlsruhe.de 

Within the framework of a current research program (funded by the German Research 
Foundation) natural attenuation processes of BTEX have been investigated in a 
Quaternary porous aquifer below a manufactured gas plant in Southwest Germany. 
The investigation site offers the opportunity not only to access the contribution of 
microbial reduction to the natural attenuation but to determine other multiple processes 
as well, including both aerobic and anaerobic milieu conditions. Seasonal and regional 
variations of the BTEX plume have been registered since 1996 by detailed 
hydrochemical monitoring and frequent soil gas investigations. On-site soil-gas 
surveying is applicable for the determination of the magnitude and lateral extent of 
VOC plumes. Taking into account that degradation of organic compounds results in 
02 decrease and C02 increase in the soil air, analysis of both parameters have been 
carried out on-site. Measured soil gas C02-anoma!ies correspond quite well with the 
observed contamination pattern of the groundwater because the biodegradation of 
organic compounds causes an additional diffusional C02-transport. Although soil-gas 
surveying is usually applicable to the most volatile organic compounds, at the test site 
only very low concentrations of VOC^s have been detected in the soil gas above the 
contaminated groundwater. In order to understand the results of the field 
investigations, physical, chemical and microbial processes determining the VOC 
concentrations have been investigated in detail in lab scale. 
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BIODEGRADATION OF ORGANICS IN SOIL 

EastS.*.Ganaye V*.Louis-Rose K.*. VogelT.#and BlockI.-C.* 
» UMR University - CNRS 7564, Laboratoire Santd et Environnement - LCPE, 5 rue Albert Lebrun, 
BP 403, F-54001 Nancy, # RhSne Poulenc Industrialisation, 24 avenue Jean Jaures, F-69153 
Decines-Charpieu. 
fass@pharma.u-nancy.fr. Fax. +33-3.83.17.88.79 

Abstract 
Natural attenuation of organic pollutants in the environment is 
controlled mainly by two groups of parameters: (i) environmental 
characteristics (e.g. soil organic matter content and nature, availability 
of nutrients or oligo-elements or microbial activity) and (ii) chemical 
characteristics (e.g. hydrophobicity of the pollutant, structure etc.). 
Slow biodegradation kinetics in soil relative to lab aqueous medium is 
explained by Sorption and weaker bioavailability of hydrophobic 
organic xenobiotics and controlled mainly by the nature and quantity of 
soil organic matter. 
Laboratory tests (organo-chlorinated molecule, cure bacterial strain of 
Rhodanobacter, 4 soil suspensions which organic matter has different 
polarities, 30 °C, nutrient broth added as co-substrate) shown that 
biodegradation kinetics for soil suspensions are (a) always lower than 
the one determined for the control (without soil) and (b) oppositely 
correlated to the concentration of sorted chlorinated compounds. 
In a second study, we have examined potential parameters describing 
environmental characteristics and chemical characteristics in order to 
flucidate the most important for predicting natural attenuation kinetics. 
We have constructed a data base from huerature data (800 scientific 
papers were examined providing a subset of 75 publications with 26 
sous and 55 compounds, given a total of ISO data). Under optimum or 
near optimum environmental conditions biodegradation rates appear to 
be controlled by molecular characteristics and under more extreme 
conditions biodegradation rates controlled by environmental 
characteristics. 

INVESTIGATION OF NATURAL ATTENUATION OF ORGANIC 
GROUNDWATER CONTAMINANTS AT FIELD SCALE 

M. Herfort. T. Ptak, G. Teutsch 
University   of  Tuebingen,   Applied   Geology,   Sigwartstrasse   10,   D-72076 
Tuebingen, e-mail: martin.herfoit@uni-tuebiiigen.de 

For the development and testing of techniques suitable for the investigation of 
subsurface contaminations, a test site is operated at a forme? coal gasification 
plant. Within the sand and gravel aquifer, NAPL pools, as wety as a contaminant 
plume of several hundred meters length, consisting mainly of dissolved PAH and 
BTEX, are detected. For the investigation and evaluation of the natural attenuation 
of the contaminants, the processes of advection and hydrodynamic dispersion, 
sorption/diffusion and degradation have to be considered. The advection and con- 
taminant dilution due to hydrodynamic dispersion is evaluated using data from 
detailed tracer experiments. The sorption/diffusion of the contaminants is esti- 
mated based on the lithological composition of the aquifer material and apparent 
diffusion coefficients specific to the contaminants for each lithocomponent. Con- 
taminant degradation, a prerequisite for the stationarity of a contaminant plume, is 
quantified by comparing the measured concentration distribution and contaminant 
mass flux within the plume with transport model predictions considering only 
advection, dispersion and sorption/diffusion. The paper presents die conceptual 
approach, the measurement techniques used, some first measurement results, as 
well as model simulations. 

PARTITION OF AROMATIC HYDROCARBONS FROM OXYGENATED 
GASOLINES INTO WATER 

SB. Ferreira. P. Grathwohl, L. V. Zuquette (Applied Geology, Geological 
Institute, University of Tuebingen, Sigwartstr. 10, D-72076, Germany, 
sayonara.breclercde@um-ruebingen.de) 

Groundwater contamination by nonaqueous phase liquids such as organic solvents 
and petroleum hydrocarbons frequently occurs as a result of the leakage during 
transportation, storage and distribution. The leak or spill of oxygenated gasoline 
will induce a solvent flushing effect in the contaminated soil due to the high 
solubility of oxygenated compounds in water. The oxygenated compounds will 
furthermore reduce the retardation factor in groundwater transport of aromatic 
hydrocarbons (BTEX), and cause these compounds to coelute at an earlier time in 
the contaminant sites. This work focuses on the experimental measurement of the 
enhanced solubility of aromatic hydrocarbons with increasing percent ethanol. 
Specifically, the phase redistribution of contaminants in a sandy soil upon the 
addition of Oxygenated gasoline was studied in packed columns to simulate the spill 
fuel in subsurface environment. The soil samples were collected in Sao Paulo 
States, Brazil where a gasoline pipeline of 400 km length crosses the Botucatu 
Formation. 90% of the water which the population and the industry consume, 
comes from this aquifer. From the perspective of human health effects, the volatile 
aromatics hydrocarbons fraction of gasoline products is of concern because benzene 
is classified as carcinogen. Results show that the solute solubility of the compounds 
increased curvilinearly with an increase in percent ethanol. 

FIELD EVALUATION OF PHYTOREMEDIATION 
STRATEGIES IN TPH DEGRADATION 

R.S. Govindaraiu. K.V Nedunuri, M.K. Banks and A.P. Schwab 
(School of Civil Engineering, Purdue University, West Lafayette, IN 
47907. USA) 

Laboratory studies have shown phytoremediation to be a feasible 
method for remediating surface soils contaminated with petroleum 
products. Evaluation of this technology in the field is made difficult 
because of spatial variability issues. In this study, total petroleum 
hydrocarbon (TPH) degradation was monitored over a field site with 
three vegetative treatments and one control plot undergoing natural 
attenuation. Within each treatment, TPH concentrations were monitored 
at twenty locations over time to study the phytoremediation potential of 
the different vegetative treatments. For comparing the performance of 
different treatments and the control site in a quantitative manner, first 
order kinetics were assumed to be applicable. The degradation rates were 
treated as spatial random variables, and the overall behavior of these 
rates were computed based on concentration measurements. It was 
observed that these degradation rates are good indicators of performance 
in the field, and can provide quantifiable answers using simple 
hypothesis tests. These results will be discussed, along with 
experimental evidence that indicates how plants perform in the field for 
TPH degradation. 

INTRINSIC BIOREMEDIATION OF A PETROLEUM 
HYDROCARBON-CONTAMINATED AQUIFER: ASSESS- 
MENT BY STABLE CARBON AND SULFUR ISOTOPES 

Patrick Höhener, Christof Bolliger, Daniel Hunkeler, and Josef Zeyer 

This paper discusses the use of stable isotopes to assess the microbial 
PHC mineralization processes in a heating oil-contaminated aquifer in 
Switzerland. A spill of an unknown quantity of heating oil caused the 
formation of an oil body of 85 m length and -25 m width at a depth of 
3 m below ground. The direction of the ground water transport at this 
site was verified by a natural gradient tracer experiment Chemical 
analysis of ground water samples from monitoring wells along and 
perpendicular to flow revealed that dissolved hydrocarbons were 
present in the ground water below the floating oil body. Oxidants 
such as O2, NO3- and SO4-2 were depleted, whereas reduced species 
such as Fe2+, Mn2+, H2S and CH4, as well as dissolved inorganic 
carbon (DIC) and Ca2* were elevated. Stable carbon isotope ratios 
(d13C) in DIC were more negative in the ground water below the oil 
compared to ground water upstream Using stable carbon isotope 
balances, it was calculated that 88 % of the DIC produced at this site 
originated from microbial PHC mineralization. Furthermore, stable 
sulfur isotope ratios (934S) in sulfate were more positive in 
groundwater below the oil compared to upstream, suggesting mat _ 
increased fractionation due to microbial sulfate reduction is occurring 
in die contaminated zone. 

ATTENUATION BY NATURAL AND ENHANCED SORPTION OF HOCS IN A 
LANDFILL LEACHATE 

H.K. KarapanagioH'-2, D.A. Sabatiniu, and P. Grathwohl2, ('University of Oklahoma, 
Norman, Oklahoma, USA, 'Applied Geology, Geological Institute, University of Tuebingen, 
Sigwartstr. 10, D-72076 tuebingen, Germany, 
hrissi@uni-tuebingen.de) 

Natural and enhanced attenuation of the Norman landfill plume are being evaluated 

to protect the adjacent Canadian River. This research focuses on die role of sorption 

in the attenuation process. Canadian river alluvium has been used as the natural 

sorbent material and alkylbenzenes, chlorobenzenes, and polycyclic aromatic 

hydrocarbons have been tested for their sorption properties under both equilibrium 

and nonequilibrium conditions. Experimental parameters such as equilibration time, 

grain size, organic content, pore water velocity, etc. were varied in order to 

determine their effect on sorption parameters. The data have been interpreted using 

existing models and the effect of experimental variables was quantified. Enhanced 

attenuation of phenanthrene has also been evaluated with activated carbon as an 

additive. This presentation will discuss important factors that affect the natural and 

enhanced sorption, and thus also the bioavailability, of these different categories of 

aromatic hydrocarbons. 
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ROLE OF GEOPHYSICS IN AQUIFER VULNERABILITY ASSESMENT 

Snezana KOMATINA, Geophysical Institute, DKOMAT@irc.grf.bg.ac.yu 

Hydrogeophysical exploration means exploration of shallow subsurface 
geological formations of insignificant thickness, which requires outsdanding 
accuracy of obtained results. Within hydrogeological exploration, geophysical 
methods have a significant role in solving following problems: defining aquifer 
geometry and structural properties as well as relevant indications on a hanging- 
wall permeability characteristics and aquifer hydrodinamic parameters; 
monitoring aquifer contamination by mineral and organic deposits; exploration 
of velocity transfer for wet front and pollutant within, etc. 

As a case history, an area of Djerdap reservoir on the Danube river (Serbia, 
Yugoslavia) is presented. Namely, complex geophysical exploration (seismics, 
well-logging, electric and electromagnetic methods) has been done in order to 
prevent and moderate a harmful influence of the performed reservoir on the 
environment. In that sense, a hydrogeophysical investigation was useful in 
delineation of the aquifer, obtainment appropriate parameters, as well as 
mapping the aquifer vulnerability. Then, land-use planning and development of 
strategy for groundwater protection and management was possible. 

AN INVESTIGATION OF THE BIODEGRADATION  OF PHENOLICS 
WITHIN THE VADOSE ZONE 

C. R. X. Packwood, D.RLerner 
Department   of   Civil   &   Structural   Engineering, 
d.n.lemer@sheffield.ac.uk, Fax: +44/0 114 2225701 

University   of   Sheffield, 

A smokeless fuel plant operated at a site on the triassic sandstone aquifer (an 
important water resource), with a vadose zone 20m in depth. During this time there 
was a release of wash water into the ground, containing high concentrations of 
ammonium and phenol, cresols and xylenols. Today no traces of the organics have 
been found in the groundwater while the ammonium remains. This study of natural 
attenuation in the vadose zone uses intact cores from the site, in a novel system to 
control the saturation of the cores contained in the continuous flow system. The rate 
of degradation of the phenolics is studied under different environmental conditions 
to allow the rate of natural attenuation within the field to be predicted and to identify 
the limiting factors, to aid in the design of vadose remediation schemes. Results 
show that there is a very short lag period prior to the onset of degradation 
(frequently less than 24 hours) followed by an increasing degradation rate with 
mixed phenol concentrations up to 60ppm. All of the compounds investigated to 
date have been degradable and there is no evidence of sequential or co-metabolism. 
The system is capable of operating for sustained periods, and to date there is no 
evidence for a drop in the degradation rate within the core. 

IN SITU BIOREMEDIATION IN CASE STUDIES, NL 

T. Kreuser and E. Storm van Leeuwen 
Department of Applied Geology, University of Münster. 

1. Aliphatic hydrocarbons are eliminated by the in situ microflora of the soil. 
Additionally, infiltration and injection devices for nutrients, enhanced natural 
microculture additives, emulgators and oxygen feed the cultures in the deeper 
parts of the subsurface. Remediation time varies between 1 to 3 years. Ground- 
water is pumped and treated in 2 to 3 small mobile containers, equipped with 
bio- and compostfilters, air strippers,soil gas ventilation systems and sun col- 
lectors for heating. A petrol station with 20,000 mg/kg in soil and 60,000 /ig/1 
in groundwater was reduced to < 2 /ig/1. 
2. High volatile hydrocarbons are biologically degradable by high pressure air 
injection. Only the upper centimeters of the aquifer are stripped and biologi- 
cally treated. Oxygen is added in large quantities to accelerate biological ac- 
tivity. A gasoline contamination in loamy sands,another within a contaminant 
cocktail of 20 solution agents in heavy loess loams decreased from > 5,000 
mg/kg to < 100 mg/kg within 22 days. 
3. Polycyclic aromatic hydrocarbons with up to three benzene rings are biolog- 
ically degradable. Certain mould fungi are capable of penetrating the surface 
of higher number PAH's in symbiotic relation with PAH degrading bacteria. 
A second mechanism is provided by a medium which contains enzymes and 
certain additives which "soften" the surface of PAH molecules. A decline from 
680 mg/kg to less than 10 mg/kg (200 days) was observed. 

NATURAL ATTENUATION OF AROMATIC HYDROCARBON AND 
HALOALIPHATIC COMPOUNDS IN GROUND WATER 

Martin Reinhard (SU) and Carmen A. LeBron (NFESC) 
Stanford University, Naval Facilities Engineering Service Center 
reinhard@CE.stanford.edu 

Contaminant plumes in which aromatic hydrocarbon compounds and 
chlorinated solvents often commingle. Haloaliphatic and aromatic 
hydrocarbon compounds can be naturally attenuated by biotic or abiotic 
transformations depending on conditions and structure. Transformations 
can lead to a range of products and are dependent on compound structure 
and environmental conditions. Anaerobic conditions favor the attenuation 
of both compound classes. Some haloaliphatics are utilized as the primary 
substrate or as the electron acceptor, or are transformed cometabolically. 
Insight into the mechanism of biotic dehalogenation has been obtained by 
studying reactions of reduced cobalamin with chlorinated C-l and C-2 
compounds. A substantial body of evidence shows that BTEX compounds 
can be oxidized anaerobically by different electron acceptors. Recent pure 
culture studies under nitrate- and sulfate-reducing conditions indicate 
anaerobic toluene oxidation is initiated by addition of toluene to fumarate to 
form benzylsuccinate (BS). BS and related metabolites have been found in 
the field at a study site where toluene and other alkylbenzenes were 
released. Laboratory studies and field evidence indicate that natural 
attenuation of BTEX and haloaliphatic compounds in commingled plumes 
could be linked. 

TEMPORAL AND SPATIAL TRENDS WITH BIOGEOCHEMISTRY AT A 
GROUNDWATER-SURFACE WATER INTERFACE: IMPLICATIONS FOR 
MICROBIAL BIOREMEDIATION PROCESSES 

J. M. Lendvayl, S. M. Deanl, and P. Adriaensl 
1 Civil and Environmental Engineering, The University of Michigan, Ann Arbor, 
Michigan, USA (lendvay@engin.umich.edu) 

The biogeochemical effects of a turbullent surface water on a contaminated anaerobic 
groundwater at the groundwater / surface water interface (GSI) were evaluated using 
spatially discretized multilevel arrays, and interpreted in light of natural bioattenuation 
mechanisms. Groundwater samples, collected during a five-month evaluation period 
with increasing storm activity, were evaluated to determine the effect of lake activity 
on the degree of oxidation and contaminant distribution within the plume. Our 
analyses indicate that concentrations of methane and 1-chloroethene decreased as the 
groundwater became increasingly oxidized along the GSI in shallow sample points 
impacted by infiltration of oxygenated lake water. cis-l,2-DichIoroethene remained 
unchanged or slightly increased at the same locations indicating that the decrease in 
methane and 1-chloroethene was not due to physical effects. Moreover, negative 
correlations of 1-chloroethene and methane data with oxygen suggest that 
1-chloroethene is co-oxidized by methane oxidizing bacteria in the shallow zone of the 
plume. Contrary to oxidative processes in the shallow zone, reductive dechlorination 
of contaminants remained the predominant biotransformation process in the deep 
zones of the GSI. This study is the first to evaluate the effects of seasonal changes on 
a chlorinated ethene contaminated plume at the GSI in spatial and temporal detail. 

TRACING THE TRANSFORMATION OF POLYCYCLIC ARO- 
MATIC HYDROCARBONS (PAH) DURING MICROBIAL 
DEGRADATION WITH STABLE ISOTOPE LABELLED SUB- 
STANCES IN SOILS. 

H. H. Richnow (1), E. Annweiler (2), H. H. Richnow (1), E. Annweiler (2) 
and W. Michaelis (3) 
(1) Institute for Biogeochemistry and Marine Chemistry, University of 
Hamburg D-20146 Hamburg. Germany , (2) Institute for Biogeochemistry 
and Marine Chemistry, University of Hamburg D-20146 Hamburg, Germany 
, (2:3) Institute for Biogeochemistry and Marine Chemistry, University of 
Hamburg D-20146 Hamburg, Germany. 
richnoyOgaovisi.uni-hamburg.de/Fax: [49] 921 55 2246 

We have applied 13C-Iabe!!ed PAH to study the flux and transformation of or- 
ganic xenobiotics in soils on a bulk and molecular level. The 13C-label is used 
to trace (i) the degradation of the pollutants, (ii) the evolution of C02 and 
(iii) the formation of bound residues in the microbial soil system. The carbon 
budgets based on the 13C-label are calculated and elucidate the response of 
the microbial system to the pollutants load. Moreover, the 13C-label is used to 
identify metabolic products of the former PAH within the complex matrix of 
natural soil born compounds and therefore allows structural studies of bound 
residues. The complete metabolic transformation of the 13C-label into natural 
compounds can be recognised on a molecular level applying IRM-GC-MS. The 
incorporation of the 13C-labeI into amino acids proves that the microbial com- 
munity can use part of the xenobiotic carbon for its biomass reproduction. The 
contribution highlights the intrinsic properties of the microbial system to trans- 
form PAH in soils. Moreover, the advantage of 13C- labelled tracers compared 
to classical radiotracers is discussed. 
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CHARACTERIZATION OF PREDOMINANT REDUCTANTS IN AN 
ANAEROBIC AQUIFER BY REACTIVE PROBE COMPOUNDS 

K. Rttgget, Th.B. Hofstettert, S.B. Haderleint. Pi. Bjergt, S. Knudsent, C. 

Zraunigt, H. Mosbaekt, Th.H. Christensent 

t Dept. of Environ. Sei. Engin., Techn. Univ. of Denmark, DK-2800 Lyngby 

t EAWAG/ETH, CH-8600 Dübendorf, Switzerland; e-mail: 
haderlein@eawag.ch 

The processes controlling the reductive transformation of contaminants in a 
biogeochemically heterogeneous anaerobic aquifer were inferred from the 
relative reactivity patterns of redox sensitive nitroaromatic probe compounds 
(NACs). Results of field experiments (continuous injection and in situ 
microcosms) were compared to the findings of laboratory batch and column 
experiments. Despite the presence of various potential reductants (e.g., 
dissolved H2S and Fe(Ir),'rcfclp»B' DOM, microorganisms) the patterns of 
relative reactivity of the probexSOHlpöünds indicated that ferrous iron associated 
with Fe(III)(hydr)oxide surfaces was-the dominant reductant throughout the 
entire anaerobic part of the aquifer. Our results suggest that Fe(II) associated 
with ferric iron minerals is a highly reactive reductant in anaerobic aquifers, 
which may also determine the fate of other classes of reducible contaminants 
such as halogenated solvents, azo compounds, sulfoxides, chromate, or arsenate. 

A NATURAL GRADIENT FIELD EXPERIMENT AT BORDEN - 
INVESTIGATION OF NATURAL ATTENUATION PROCESSES 
OF BTEX AND MTBE 

Mario Schirmer (1), Emil 0. Frind (1) and James F. Barker (1) 
(1) University of Waterloo, Department of Earth Sciences, Waterloo, ON, N2L 
3G1, Canada. 
msehirmeCcgrnserc.uwaterloo.ca/Fax: [001] 519 746 7484 

A natural gradient tracer test was performed in the shallow, aerobic sand 
aquifer at Canadian Forces Base Borden. A mixture of groundwater contain- 
ing dissolved oxygenated gasoline was injected below the water table along 
with chloride as a conservative tracer. The migration of BTEX, MTBE and 
chloride was monitored in detail (3D) for sixteen months. The mass of BTEX 
compounds in the plume diminished significantly with time due to intrinsic aer- 
obic biodegradation making this process the predominant natural attenuation 
mechanism. MTBE showed only a small decrease in mass over the sixteen- 
month period. A comprehensive groundwater sampling program eight years 
after injection was undertaken to define the mass of MTBE still present in the 
aquifer. The results suggest that biodegradation of MTBE had occurred over 
this eigth-year period, however, its relative importance with respect to disper- 
sion/diffusion as a natural attenuation process is much less pronounced than 
for the BTEX compounds. 

MONITORING CONTAMINATED SITES - BALANCING TREATMENT 
EXPENSES AND THE COSTS FOR THOROUGH SITE 
CHARACTERISATION 

Rainer Scheibke*. Markus Ottenbreit*, Stefan Geisen* 
* emc Gesellschaft zur Erfassung und Bewertung von Umweltdaten mbH, 
Liebknechtstr. 51, D-99086 Erfurt, Germany 
Phone: +49 361 56 56 53-0, Fax: +49 361 56 60 18 5, e-mail: scheibke.emc.ef@t- 
online.de 

A Successful sanitation of contaminated sites requires thorough understanding of the 
transformation and transfer processes in soils and aquifers. Two different 
remediation strategies have made their way for practical applications! One favours 
high investments in monitoring and screening programs to thoroughly understand 
the governing processes and properties, while the other prefers putting to practice 
rapid actions to minimise health hazards. Based on the achieved understanding the 
former results in cost-effective treatment of the contamination plume while the latter 
has to assume worst-case scenarios to designate the extent of the contaminated area, 
which usually leads to expensive remediation actions. 
However balancing costs and the investments in thorough characterisation of the 
contaminated site are important to achieve both, cost-effective and site specific 
remediation strategies and the acceptance by the owner and the authorizing agency. 
As an example case study we will report on a monitoring programme conducted at a 
waste disposal site contaminated with volatile compounds (VOC) and AOX. 
Dependend on.two different sanitation strategies cost calculation and scientific 
demands for two monitoring programmes are delineated and discussed. 

NATURAL ATTENUATION AND PLUME LENGTH OF ORGANIC 
CONTAMINANTS 

T. Schiedek, P. Grathwohl, G. Teutsch 
Applied Geology Group, University of Tuebingen, Sigwartstr. 10,72072 Tuebingen, 
Germany 
schiedek@uni-tuebingen.de, fax: +49(0)7071 5059 

Natural attenuation (intrinsic bioremediation) has become an interesting alternative for 
the cleanup of contaminated sites. Contaminant plumes develop with time and may 
reach quasi-steady-state conditions. Hence, to rely on natural attenuation as a 
remediation technique, time and space downgradient of a site are required. In Europe, 
space is usually rare in the vicinity of contaminated sites. For example, at gaswork 
plants which are normally located within an urban area, potential receptors, such as 
municipal drinking water wells, are often very close to the contaminant source. In this 
study we present the results of a statistical analysis of the plume lengths of frequently 
in ground water occurring organic pollutants. The average plume length of volatile 
chlorinated hydrocarbons reaches 660 m in 75 % of the cases evaluated. Easily 
biodegradable organic compounds like the phenols and the BTEX (benzene, toluene, 
ethylbenzene and xylene) reach an average plume length of approximately 190 m and 
140 m (75 % of the cases), respectively. Furthermore, the maximum plume lengths in 
75 % of all evaluated cases did not exceed 2100 m, 600 m and 300 m for volatile 
chlorinated hydrocarbons, phenols and BTEX, respectively. These results are in good 
agreement with recently published data from California and Texas. 

MODELLING THE TRANSDZNT TRANSPORT OF NON LINEARLY 
INTERACTING DISSOLVED VOLATILE ORGANIC COMPOUNDS: 
EXPERIMENTAL VALIDATION BY COLUMN EXPERIMENTS. 

M. O. Simonnot. B. Harmand and M. Sardm 
Laboratoire des Sciences du Genie Chimique, CNRS-ENSIC-INPL Nancy, France 
simonnot@ensic.u-iiancy.fr / Fax : (+33) 03.83.32.29.75 

The present work takes place in the context of a global study on environmental 
risk assessment for VOC contaminated soils or ground waters. One of its objective 
is the determinalion of sorption parameters of two pure VOCs (benzene and 
toluene) during their transport in the saturated zone. The second is the 
development of a non linear transport model taking into account the kind of 
organic matter present in the soil. 
Thus, laboratory column experiments were run with three porous media: a clayey 
and calcareous sand, natural soil-sand mixtures and a 'model* soil (sand 
impregnated with heptarnethylnonane as organic matter) representing a NAPL 
polluted soil. Benzene and toluene are not retained by the sand, but in the two 
other media, the two solutes exhibit different sorption behaviours: benzene 
sorption is linear on both organic media whereas toluene interaction with the 
model soil presents non-linearity effects (Freundlich isotherm q= KC° with n>l). 
A good knowledge of the solute uptake properties is required to achieve good 
transport predictions. The importance of the non linearity on the biodisponibility 
of VOCs is shown by using a transport model coupling adsorption and ID 
dispersive advective flow. 

HYDROCHEMISTRY IS MORE THAN TRANSPORT USING HYDROLOGY 

MJ.M.Vissers (1), G. Frapporti (2), J.H. Hoogendoorn (3) and S.P.Vriend (1) 
(1) Dept. of Geochemistry, Utrecht University. (2) IWACO, Rotterdam. (3) Tauw 
Milieu, Deventer, the Netherlands. Vriend@earth.ruu.nl 

Until recently, concerns of ground water resource management still are focused on 
quantity issues (e.g. yield, velocity, drawdown). The most sophisticated solutions are 
achieved by hydrological modelling. Quality issues are getting attention because of 
increasing pollution. The accelerated degradation of natural attenuation zones causes 
breakthrough of nitrate, sulphate and micro pollutants and often cause drinking-water 
quality deterioration. To assess groundwater quality, a combination of hydrological 
modelling and hydrogeochemistry (incl. sediment/rock) is required. This provides the 
insight in the spatial distribution and controls of water quality; hydrological models 
alone are often ambiguous in the determination of flow pattern and ages. However, in 
practice it is impossible to sample an entire area. Strategic placement and sampling of 
multilevel wells should be used to verify the models. A case study of an aquifer system 
in the east of the Netherlands is presented. A cross-section comprising of 10 multilevel 
wells (approx. 1 km apart, mini screens at each meter to a depth of 60m) was sampled 
in 1989 and in 1996. The section starts in an ice-pushed ridge and runs into a cover 
sand plain. The groundwater flow is complex, with local and regional systems and 
multiple aquifers. Boundaries between local and regional groundwater flow systems, 
but also chemical variations caused by (hydro)geochemical changes in time within 
recharge areas are identified. Spatial changes in water chemistry could often be related 
to changes in land use (e.g. recharge water quality, cultivation from heather to pasture 
land), which varies in space and time. Because the latter, the development history of 
the region proved to be an essential factor determining groundwater quality. 
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ANTHRACENE TRANSPORT THROUGH AN UNSATURATED 
LAYERED SOIL COLUMN AS INFLUENCED BY RETARDA- 
TION AND INTRINSIC BIODEGRADATION 

H. Weigand (1), K. U. Totsche (2), I. Koeget-Knabner (1), E. Annweiler (3) 
and H. H. Richnow (3) 
(1) Department of Soil Science, Technical University of Munich, D-85350 
Freising-Weihenstephan, Germany , (2) Soil Physics, University of Bayreuth, 
D-95440 Bayreuth, Germany, (2) Institute for Biogeochemistry and Marine 
Chemistry, University of Hamburg D-20146 Hamburg, Germany. 
totscha«uni-bayr«uth.de/Fax: [49] 921 55 2246 

Sorption, »mobilisation, and biodegradation govern the fate of polycyclic aro- 
matic hydrocarbons (PAH) in soils. The coupling of these processes was studied 
in soil columns using a sandy forest soil and 13C labeled Anthracene. The col- 
umn was repacked in two layers with uncontaminated and artificially contami- 
nated soil material and homogeneously irrigated for a period of 4 months at a 
flow rate of 250 ml p.d. Column effluent was analyzed for Bolution phase PAH 
concentrations and microbially released hydrogen carbonate. Evolved CO2 was 
trapped using a carrier gas stream. Results show a week first flush of effluent 
PAH in agreement with the initially high release of soil borne dissolved organic 
matter. However, substantial breakthrough of Anthracene is observed after 350 
porevolumes, only. Aqueous phase concentrations and post-experimentally de- 
termined solid phase concentrations will be discussed in the light of process 
coupling and compared to results from numerical simulations. 

HSA8 Hydrology and chemical processes - 
restoration of aquifers: natural and 
artificial attenuation 

02 New developments in in-situ treatment of 
subsurface contaminations 

Convener: Rijnaarts, H.H.M. 
Co-Convener: Bosma, T.N. 

DISSOLUTION AND MOBILIZATION OF DISPERSED NAPL IN POROUS 
MEDIA BY SURFACTANT FLOODING 

D.G. Avraam and A.C. Pavatakes 
Department of Chemical Engineering, University of Patras and 
Institute of Chemical Engineering and High Temperarure Chemical Processes 
P.O.Box 1414, GR 265 00 Patras, Greece 
E-mail: acp@iceht.forth.er 

The dissolution of dispersed NAPL (ganglia) by anionic surfactant flooding is 
experimentally investigated in glass pore network micromodels. The main parameters 
of the system (surfactant soncentration, c,; sodium chloride concentration, cNACI; 
Reynolds number, Re; Capillary number, Ca; viscosity ratio, K) are changed 
systematically, whereas all other parameters (namely, type of surfactant, pore model 
characteristics, wettability, etc.) are kept constant. The rate of dissolution of a solitary 
ganlion (expressed by the mass transfer coefficient, kL, or the dimensionless Sherwood 
number, Sh) is measured as a function of the dimensionless system parameters, as well 
as the dimensionless volume of the ganglion, V, the dimensionless interfacial area, 
A*, and the ganglion position and orientation within the pore space. The mechanisms 
of volume reduction and all subsequent disconnections of the ganglion are 
continuously monitored, until smaller daughter ganglia are formed which are 
mobilized by the surfactant flood. It is found that the rate of ganglion dissolution is 
affected strongly by these mechanisms, whereas the formation of smaller ganglia 
enhances the rate of dissolution drastically, due to the mobilization of the smaller 
ganglia. 

PRELIMINARY KINETIC STUDIES FOR AN IN SITU 
BIOREMEDIATION TREATMENT: TOLUENE REMOVAL FROM AN 
AQUIFER. 

Abbondanzi. F.«. Iacondini, A *, Malaspina, F#., Gagni, S. *, Camevali, M.°, 
Hannula, H°, and Sena, R * 
♦Centra Ricerche Ambientali Montecatini, Marina di Ravenna, ITALY, 
e-mail: fabbondanzi@cramont.it 
# ENEA Bologna ITALY, "Univ. Bologna ITALY, "Univ. Tampere FINLAND 

A study for an in situ bioremediation of an aquifer contaminated for a long time by 
aromatic hydrocarbons, was carried out with particular attention to toluene, the 
most representative pollutant During this work, an indigenous microbial 
consortium was found able to degrade toluene up to 180 mg/1 concentration. The 
biodegradation tests were carried out in three different kinds of reactors (160,1200 
and 13000 ml volume) to evaluate microbial Performance in toluene removal. 
Biodegradation occurs only in aerobic condition, with an adequate oxygen 
availability and nitrogen supply. Kinetic studies were performed and toluene 
removal reached 100% in about 50 days. Moreover, a toluene metabolites 
identification technique was set up. This investigation gave important information 
about toluene degrading microbial strains, on the basis of their metabolic pathways. 
In fact, it revealed the presence etPseudomonas strains. In conclusion, the in situ 
aquifer bioremediation is a possible solution provided mat oxygen and nitrogen are 

.made available in the aquifer, e.g. by H2O1 injection or air sparging. 

MERCURY REMOVAL FROM GROUNDWATER - AKTIVATED 
S-CHARCOAL ADSORPTION VERSUS Hg2+ REDUCTION BY TOM AND 
Hg(0) STRIPPING 

H. Biester, P. Schuhmacher, G. Mueller, 
Institute of Environmental Geochemistry, University of Heidelberg e-mail: 
hbiester@classic.min.uni-heidelberg.de 

Mercury (Hg) contamination of groundwater is often attributed to pressuring sites 
where high amounts of HgCI2-soIution used for timber impregnation were spilled into 
soils. In some cases were the conta-minated soil cannot be excavated or covered, 
groundwater contami-nation will last for decades or even centurys. Funnle and gate 
techno-logy has been considered as a possible method to prevent Hg plumes from 
dispersing. Hg in the groundwater of such sites mainly exists as Hg-chloride 
complexes or as Hg(0) up to 300 Ag/1, whereas only small amounts of Hg are bound 
to soluble organic complexes. In the present study sulfur-imprag-nated charcoal and 
Hg(0) stripping after Hg2+ reduction through tin filters were investigated to remove 
Hg from groundwater. Sulfur-impragnated charcoal shows high Hg Sorption capacity 
and removes more than 95 % of the Hg but is expected to show Hg species 
trans-formation by microbial activity within the filter-ing system. Hg(0) stripping after 
Hg2+ reduction through tin filters removes more than 90 % of the Hg but does not 
remove Hg bound to organic complexes. No Hg species trans-formation was observed 
to occur in the tin filter, however soluble tin species generated by the Hg2+ reduction 
have to be removed from the water by an additional filtering system. Ongoing studies 
will investigate the long term effectiveness of both methods. 
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Bicontinuoi» microemuljions 
> new extraction medium for in situ soil remediation 

K. Bonkhoft F. Dierkes, F.-H. Haegel, G. Subklew, P. Thiele 

Research centre Jtilich; Institute of Applied Physical Chemistry, 52425 Julich; 
Germany 

Bicontinuous microemulsions are an excellent alternative to surfactant solutions for 
the in situ extraction of contaminated soil. The advantages of microemulsions are 
their low interracial tensions and their large solubilization capacity.The efficiency 
of microemulsions for desorbing harmful PCB (polychlorinated biphenyls) will be 
shown in batch and soil column experiments. PCB are nearly completely desorbed 
fiom soil in batch experiments at 10 °C. In soil column experiments the 
microemulsions also show high recovery rates of PCB (from 60-90%). In a 
technical scale-up experiment a microemulsion system was applied to an artificial 
aquifer (6 m long, 2.7m high, 0.4m wide) containing sand contaminated with 
trichloroethene. It could be demonstrated that the microemulsion penetrates much 
easier into structures of fine sand than surfactant solution. With less than 2 pore 
volumes of microemulsion more than 94 % of the pollutant could be removed. 

HYDRAULIC IN-SITÜ REMEDIATION TECHNIQUES WITH 
SURFACTANTS: OPTIMIZATION OF HYDRAULIC SYSTEMS 

BJflsef, B. BarczewsM and H.-P. Koschitzky 
VEGAS, Institut für Wasserbau, University of Stuttgart, 70550 Stuttgart 
reinhold@iws.uni-stuttgaitde/Fax:+49-711-685-7020 

Objectives: (1) Development of improved hydraulic remediation systems for the 
extraction of contaminants at the source (optimization of hydraulics) (2) Improvement 
of the uniformity of the flow through «homogeneous aquifers, using specially designed 
wells with packer systems (3) Determination and minimization of the permeability 
reductions induced by surfactants (4) Use and reuse of surfactants in technological 
scale (5) Minimization of consumption and costs of surfactants and energy. 
Experimental setup: Two artificial inhomogeneous aquifers with the dimensions 9 x 
6 x 4.5 m (L x W x H) were constructed. One consists of 4 inclined layers of different 
permeability, each layer with one kind of sand. The other consists of irregular ordered 
blocks with different permeability. A constant ground water flow is maintained. Two 
contaminants are used: trichloroethene as DNAPL, Xylene as LNAPL. Several well 
arrangements and appropriate water treatment were used for remediation. Results: 
Tracer tests were combined with a numerical model to estimate in detail the "real" 
permeability of the emplaced sands. While comparing the measured and the predicted 
breakthrough times in the aquifer deviations due to inhomogeneiues were established. 
The procedure of contaminant distribution (based on 378 sampling locations) was 
monitored during remediation. In- and outflow water was regularly sampled tor an 
exact mass balance. After 83 days of hydraulic remediation, approximately 90% of the 
emplaced trichloroethene was removed. Results of the remediation of xylene using 
surfactants will be presented. 

ENHANCEMENT OF BIODEGRADATION IN BIOLOGICALLY 
ACTIVATED ZONES 

T.N.P. Bosma 
Dept of Environmental Biotechnology, TNÖ Institute of Enviromental Sciences 
bosma@mep.tno.nl/Fax: +31 55549 3410 

Current trends in the remediation of polluted soil are towards natural attenuation in 
combination with the application of biologically activated zones. Natural attenuation 
is the overall result of physical, chemical and biological removal mechanisms, e.g. 
dilution, sorption and biodegradation. The actual elimination mechanism leading to 
the establishment of a plume that does not spread with time, is (biodegradation. 
When enough space is available natural attenuation can be applied as the sole 
remediation measure. In most cases however, the natural attenuation option has to 
be combined with a biologically activated zone or a bioscreen. Various strategies to 
enhance the biodegradation of pollutants exist, depending on the compounds of 
concern, and, of course, the local circumstances at the contaminated site. 
Chlorinated solvents are in many cases transformed by reductive dechlorination. 
This process proceeds at maximal speed when the redox potential is low enough and 
when there is enough electron donor available to sustain the reductive reaction. 
There are several methods to provide the optimal conditions, including electrical 
stimulation and addition of carbon sources. These methods will be discussed during 
the presentation. 

DION SULFIDE PRECD7ITATION IN A PERMEABLE REACTIVE WALL, 
NICKEL RIM MINE, ONTARIO, CANADA 

R.B. Herbert Jr.'. D.W. Blowes', A.R. Pratt5, S.G. Benner3 

'Dept. of Geology and Geochemistry, Stockholm University, Stockholm, Sweden. 
'Dept. of Earth Science, University of Waterloo, Waterloo, Canada. 
'Surface Science Western, University of Western Ontario London, Ontario Canada. 
Email: roger.herbert@geo.su.se Fax: +(46) 8 674 7855 

A permeable reactive barrier was installed in August 1995 at the Nickel Rim Mine 
near Sudbury, Ontario, Canada, for the passive remediation of groundwater 
contaminated with acid mine drainage. The reactive barrier was designed to 
minimize the discharge of groundwater with an acid-generating potential to a nearby 
lake, by removing Fe through iron sulfide precipitation and generating alkalinity. 
The reactive component of the barrier consists of a mixture of municipal and leaf 
compost and wood chips; the decomposition of organic material in the barrier creates 
an anaerobic environment conducive to the growth of sulfate-reducing bacteria. The 
results of the solid-phase extraction of the reactive material during two years of 
operation indicate that there is an accumulation of primarily acid volatile Sulfides 
(e.g. amorphous iron sulfide, mackinawite, greigite) in the permeable wall. The 
analysis of iron Sulfides precipitated on well casings by X-ray difftactometry and X- 
ray photoelectron spectroscopy, in combination with the porewater geochemistry, 
suggests that a disordered mackinawite (FeltxS) phase is the primary sulfide 
precipitate in the barrier. 

SURFACTANT SELECTION FOR ENHANCED SUBSURFACE 
REMEDIATION: LABORATORY AND FIELD OBSERVATIONS 
D. Sabatiniu, R. Knox1 and J. Harwell' ('The University of Oklahoma, Norman, OK, 73019, 
USA; 20n Sabbatical at Applied Geology, University of Tuebingen, Sigwarstr. 10.D-72076 
Tuebingen, Germany, sabatini@uni-tuebingen.de) 

Pump-and-treat remediation of contaminated ground water is frequently limited by 
capillary-bound oil (residual saturation). Surfactant enhanced subsurface 
remediation is being evaluated to overcome this problem and thus expedite ground 
water cleanup. The two surfactant approaches being investigated are micellar- 
enhanced solubilization and mobilization via middle phase microemulsions. 
Relative merits of and concerns with these two approaches will be discussed, along 
with the importance of surfactant selection to each. Economic analyses demonstrate 
that minimizing surfactant losses and reusing the surfactant stream are critical to the 
viability of these technologies. An example of how surfactant selection can 
minimizie subsurface losses will be presented. Selection and design of unit 
processes for regenerating (decontaminating) the surfactant stream will be described, 
including surfactant impacts on these separation processes. Widespread 
implementation of these technologies requires successful scale up from laboratory 
results to field systems. Selected results from six field demonstrations will be 
presented that both illustrate the factors discussed above as well as demonstrate Our 
ability to scale up these systems to the field. These results thus demonstrate that 
surfactant-based technologies can dramatically improve pump and treat remediation 
of residual oil zones. 

THE EFFECT OF DISSOLVED INORGANIC GROUNDWATER 
CONSTITUENTS ON THE REACTiATTY OF FE(0)-REACnVE WALLS - 
LABORATORY STUDHSS AND THERMODYNAMIC CALCULATIONS 

O. Schlicker (1), W. Wüst (1) and A. Dahmke (1) 
(1) Institut für Wasserbau, Universität Stuttgart 
schlick@iws.uni-stuttgart.de/Fax: +49-711 -6857020 

Zero valent iron walls provide a cost effective technology to remediate groundwater 
plumes contaminated with chlorinated solvents (TCE, PCE) and reducible metals 
(CrO^, Tc04\ UO22*), if their reactivity and permeability is not significantly 
decreasing due to geochemical reactions in the long run. 

Long-term column experiments were performed to study the effect of the anions 
chloride, phosphate, sulfate, chromate and nitrate on the degradation process of 
trichlorethene via zero valent iron and the water chemistry in the outflow. The 
presence of chloride leads to a slighly acceleration of the TCE-degradation. 
However sulfate and phosphate strongly decreased the degradation rates. These 
inhibition effects are due to the sorption of sulfate and phosphate on the Fe-oxide 
layers and the formation of precipitates like Vivianite or Green Rust. 
Thermodynamic equilibrium calculations were performed to estimate species 
distributions and mineral equilibria of different solution types after a passage 
through an iron-treatment zone. These studies may explain from the thermodynamic 
point of view the redox- and precipitation reactions of the column experiments and 
permit a prediction with regard to the long term reactivity, porosity losses and the 
groundwater composition in the outflow of a zero valent iron treatment zone. 
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CATALYTIC   HYDROGENATION   OF   AROMATIC   COMPOUNDS   WITH 
PALLADIUM-INFLUENCE OF SUPPORT MATERIALS ON DEACTIVATION 
C. Sdiflth', S. Kraft1, P. Grathwohl1 and M. Reinhard' ('Applied Geology, Geological 
Institute, University of Tuebingen, Sigwartstrasse 10,72076 Tuebingen, Germany, 
«chmh@uiu-tuebmgen.de, "Stanford University, Dtp. Civ. Eng., Stanford, CA 94305, USA) 

Catalytic hydrogenation is potentially applicable for the removal of halogenated 
contaminants from groundwater. A palladium on alumina catalyst was round to 
dehalogenate and hydrogenate a wide variety of chlorinated aromatic compounds 
under ambient conditions. However, ions commonly found in groundwater can 
cause a rapid deactivation of the metal catalyst This research investigated the 
influence of support materials oh catalyst deactivation in batch and column 
experiments. Alumina and zeolite Y in different Si/Al ratios were used as support 
materials. 1,2 - Dichlorobenzene was used as a chemical probe in deionized water 
with and without sulfite (sodium salt). Sulfite, known to be a strong 'poison" for 
metal catalysts, caused a complete deactivation of the palladium catalyst on 
alumina within minutes. In contrast, the deactivation of the catalyst was 
significantly retarded by using a catalyst-zeolite system. The deactivation decreased 
with increasing Si/Al ratios of the zeolite due to the resulting higher hydrophobicity 
of the matrix. The long term performance of this hydrophobic catalyst was studied 
in column experiments using palladium impregnated pellets of zeolite Y. A highly 
contaminated core of brown-coal from a chemical plant was eluted directly into the 
catalyst column. The degradation rates were stable within the observation time of 
several weeks. Slight decreases in catalyst Performance could be reversed by 
flushing the catalyst with tap water. These results indicate that hydrophobic 
microporous support materials such as zeolites can effectively mitigate decreasing 
catalyst performance due to Sorption of groundwater ions. 

IN SITU BIODEGRADATION OF HEXACHLOROCYCLOHEXANE (HCH) 

H.C. van Liere, M.A. van Aalst-van Leeuwen and H.H.M. Rijnaarts 
TNO Institute of Environmental Sciences, Energy Research and Process Innovation 
h.c.vanliere@mep.tno.nl/Fax: +31-55549-3410 

The pollution of soil and groundwater with hexachlorocyclohexane (HCH) has caused 
serious environmental problems. The insecticide lindane (y-HCH) is the best known 
HCH isomer, although ordy 17% of the isomers. The remaining part consists of a-, ß- 
and 8-HCH, which do not have insecticide activity and therefore were discarded at 
production sites and in landfills. In contrast to a- and y-HCH, ß- and 8-HCH are 
known to be recalcitrant towards biodegradation under anaerobic as well as aerobic 
conditions. However, recent research has shown that ß-HCH can be microbiologically 
degraded to the intermediates monochlorobenzene and benzene under anaerobic 
conditions. Because monochlorobenzene and benzene are both known to be 
biodegraded aerobically and anaerobically, complete mineralisation of all HCH 
isomers can be expected. Further research will therefore focus on the combination of 
two processes: I) (activated) anaerobic biodegradation and II) activated aerobic or 
intrinsic anaerobic bioremediation. Depending on the contaminated site conditions, 
the intrinsic anaerobic degradation capacity of endogenous microorganisms may 
be sufficient. If there is no or insufficient intrinsic biodegradation capacity for 
monochlorobenzene and benzene, stimulation of the degradation by an activated 
aeration step is necessary. Both process combinations are integrated into one 
extensive bioremediation technique: in situ remediation of groundwater by using 
bioscreens and intrinsic biodegradation. 

IN SITU BIO-ELECTROCHEMICAL NITRATE REMOVAL 
FROM GROUNDWATER 

J.W. van rimenestjjn (1), I. Griffioen (2), A. Bnraia (1) and H.I.J. van Buijseo (1) 
(1) TNO Institute of Environmental Sciences, Energy research and Process 
Innovation, Apeldoom, (2) Netherlands Institute of Applied Geoscience TNO - 
National Geological Survey, Delft 
J.W.vangroenesnjn@mep.tno.nl/Fax: +31-55-5493410 

Groundwater is an important source for the production of drinking water. However, 
at many places groundwater contains more than 50 mg nitrate/1, the EU and US EPA 
standard. To prevent adverse health effect nitrate should be removed from the water. 
One of the denitrification technologies currently under development is in situ bio- 
electrochemical nitrate removal from groundwater. The method is based on the 
construction of a vertical screen located upstream of a field with groundwater wells. 
The screen comprises gates with wire-netting that acts as an anode producing 
hydrogen gas. The hydrogen gas is dispersed in the passing water and acts as 
electron donor for hydrogenotrophic autotrophic microorganisms which convert 
nitrate into nitrogen gas. The anode is placed within one cm distance from the 
cathode. The oxygen produced at the anode is rapidly removed by vertical tubes. 
The process was demonstrated in laboratory columns filled with gravel or sand. The 
hydraulic residence time in the column was 0.5 day, the used voltage was 6 V and 
current 50 mA. The nitrate concentration decreased from 150 mg/1 to less than 5 
mg/1 and the hardness went from 9 °D to 1 °D. Cost estimates for full scale 
application indicate total costs of US$ 0.15 (of which USS 0.08 energy costs) per m' 
water with 100 -150 mg nitrate/1. As this technology seems promising, field 
demonstrations are planned in 1999. 

HSA8 Hydrology and chemical processes - 
restoration of aquifers: natural and 
artificial attenuation 

03 Redox processes in aquifers 

Convener: Behra, P. 
Co-Convener: Isenbeck-Schröter, M. 

GEOCHEMICAL TRANSPORT MODELING OF LEACHATE 
ATTENUATION IN QUARTENARY SEDIMENTS DOMINATED BY 
PYRITE REDUCTION AND CALCITE DISSOLUTION: MODEL TESTING 
AGAINST FDILD DATA FROM THE TRANDUM LANDFILL, NORWAY. 

IxifBasherg, Peter Engesgaard*, Atle Dagestad 
Division of Geology, Norwegian University of Science and Technology, 
Trondheim, Norway. 
•Department of Hydrodynamics and Water Resources, Groundwater Research 
Centre, Technical University of Denmark. 

A contaminant plume from Trandum municipal landfill was investigated with 
respect to the distribution of redox-sensitive inorganic species in groundwater. 
Groundwater composition immediately below and downstream of the landfill 
allows for a tentative identification of redox zones based on oxidizeJ and reduced 
forms of Fe, Mn, N and S. A methanogenic zone is not observed. Uncontaminated 
groundwater has a chemical signature indicative of calcite and pyrite weathering, 
with weathering horizons located 3 meters below the water table separating an oxic 
and anoxic zone. This horizon has been successfully reproduced with a one 
dimensional geochemical advective transport model. The one-dimensional model 
provides a tool for assessing the importance of natural geo- and hydrochemical 
stratification and influence on the fate of leachate migration in the aquifer. At the 
plume scale, preliminary simulation results using the PHAST model, which couple 
PHREEQC and the HST3D flow and transport model are utilized for the 
interpretation of contaminant attenuation. 
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EFFECT OF pH ON SURFACE COMPOSITION OF PYRITE 

P. Bonnissel-Gissinger1, Ph. Behra2,I.I Ehrhaidt1 

1 Laboratoire de Chimie Physique pour IEnvironnement, UMR 7564 CNRS - 
University Henri Poincarf, Nancy, France. 
Fax: # 33 - (0) 383 275 444, E-mail: ehrhardt@lcpe.cnrs-nancy.fr 
2 Institut de Mecanique des Fluides, UMR 7507 University Louis Pasteur - CNRS, 
Strasbourg, France. 
Fax: # 33 - (0) 3S8 614 300, E-mail: behra@imf.u-strasbg.fr 

It is widely accepted that pyrite FeS2 could play a key role in various environmental 
compartments. The wet oxidation of pyrite has been studied in batch experiments 
in a large range of pH (3-12), with trace oxygen, ionic strength fixed by NaNOj or 
NaCL contact time varying between 12 h and 10 days. Surface analysis of the 
samples has been performed using X-ray Photoelectron Spectroscopy whereas 
quantification and speciation of the aqueous species have been studied by ICP-AES, 
HPLC and UV-Vis Spectrometry. In acidic conditions (pH < 4), pyrite presents an 
iron deficient surface composition Fe,.^, while Fefll) and sulphate are released 
into solution. When the pH increases there is no more iron in solution, and other 
oxidised sulphur species like sulphite and thiosulphate appear. An overlayer of iron 
(hydr)oxide with a stoichiometry close to FeOOH grows onto the surface following 
an island growth mechanism. However this overlayer does not passivate the sample 
against further oxidation, and a decrease in pH is observed. 

RATES OF TERMINAL ELECTRON ACCEPTING PROCESSES 
IN AN ANOXIC AQUIFER 

R. Jakobsen (1), R. Jakobsen (1), L.K. Hansen (2) and D. Postma (3) 
(1) Department of Geology and Geotechnical Engineering, Technical Univer- 
sity of Denmark, DK-2800 Lyngby, Denmark, (2) Department of Geology and 
Geotechnical Engineering, Technical University of Denmark, DK-2800 Lyngby, 
Denmark, (3) Department of Geology and Geotechnical Engineering, Technical 
University of Denmark, DK-2800 Lyngby, Denmark. 
iggrj«pop.dtu.dk/Fax: [+45] 45 88 59 35 

Rates have been determined for Fe-reduction, sulfate reduction and methane- 
genesis from acetate and carbondioxide. Also rates of acetate and methane 
oxidation have been measured. Measurements were made directly through in- 
jection of radioactive tracers, or in the case of Fe-reduction - estimated from 
concentration profiles. The data show that the main pathway for methanogen- 
esis is through reduction of carbondioxide, and for Fe-reduction oxidation of 
acetate is a major pathway. Methane oxidation is of minor importance. The 
obtained rates are at most a few mM/yr. and comparison with the concentra- 
tions of the intermediates acetate, formate and hydrogen shows that the pool 
of acetate is cycled in about a day while hydrogen is cycled in about a minute. 
It seems feasible to view the system as being at a partial equilibrium with the 
initial breakdown of organic matter being the rate limittingstep and the termi- 
nal eletron accepting processes (TEAPs) occuring at close to thermodynamic 
equilibrium. This is supported by calculated in situ Gibbs free energies of the 
TEAPs, of around -4kJ/mole of electrons. 

TRENDS IN THE TRANSFORMATIONS OF HALOGENATED ORGANIC 
POLLUTANTS BY KON SULFIDE 

Elizabeth C. Butler and Kim F. Hayes, University of Michigan 
Department of Civil and Environmental Engineering, University of Michigan, Ann 
Arbor, MI, USA E-mail: butlerec@engin.umich.edu; Fax: (313) 763-2275 

The objective of this work was to quantify the rates and products of transformation of 
several halogenated organic compounds by the common mineral iron sulfide (FeS). 
Compounds studied include: hexachloroethane, pentachloroethane, 1,1,1,2- and 
1,1,2,2-tetrachloroethanes, 1,1,1-trichloroethane, tetrachloromethane, 
tetrachloroethylene, trichloroethylene, and tribromomethane. AH experiments were 
conducted under anoxic conditions characteristic of environments where FeS occurs 
naturally. Half-lives for transformation of these halogenated compounds by FeS were 
on the order of hours to weeks. The results of these experiments indicate that several 
environmentally-relevant transformations, including reductive dehalogenation, 
dihaloelimination, and substitution, may be mediated by FeS, depending on the 
properties of the halogenated organic compound. The properties mat were found to 
influence reaction rates and pathways include one-electron reduction potentials, 
carbon-halogen bond strengths, and the tendency for adsorption of the halogenated 
organic compound to the FeS surface. The influence of these properties on the 
potential for transformation of halogenated organic pollutants in the environment will 
be addressed in the presentation. 

ABIOTIC REDUCTION OF ORGANIC POLLUTANTS UNDER 
FERROGENIC CONDIOTIONS 

Th.B. Hofstetter, S.B. Haderlein, RP.Schwarzenbach 
EAWAG/ETH, CH-8600 DMsendorf, Switzerland; e-mail: haderlein@eawag.ch 

In many anoxic aquifers iron(III)(hydr)oxide minerals are involved as electron 
acceptors in biogeochemical redox processes. In recent years, the significance for 
pollutant reduction of ferrous iron species present at surfaces of Fe(IH)(hydr)oxides in 
anoxic systems has been recognised. In contrast to the reactivity of minerals 
containing structural iron(H), which often is very low once the reactive surface sites 
are exhausted, the high reactivity of surface-bound Fe(H) species can be maintained 
over long periods of time since such species may continuously be regenerated by 
uptake of Fe(IT) from solution or by the activity or iron reducing microorganisms. 
Based on results of laboratory batch and column studies, we will discuss factors that 
affect the reactivity and regeneration of surface-bound ferrous iron species with 
respect to pollutant reduction. The organic contaminants studied include halogenated 
solvents and nitrated aromatic compounds. 

FERROGENOUS MINERALS FORMATION IN PURE CULTURE OF 
FE(DI) REDUCING BACTERIA 

Jorand  F.1. Appenzeller B.1,  Abdelmoula M.2,  Refait Ph.2,  Block  J.-C.1 

and Genin J-M.R2 

L.C.P.E. - UMR 7564, CNRS - Universit* Henri Poincarf, Nancy 1. 
1 BP 403, Facult* de Pharmacie, F-54001 Nancy Cedex, France. 
2 405, rue de Vandoeuvre, F-54600 Villers-Ks-Nancy, France. 
E-mail: jorand@pharma.u-nancy.fr 

The formation of vivianite, Fe3(PO4)208H20 in an anaerobic culture of Shewanella 
pulrefaciens using Fe(IH) citrate as terminal electron acceptor and lactate as electron 
donor and carbon source was described. Minerals were characterised by using 
MOssbauer spectroscopy and X-ray diffraction. The redox potential of the culture 
decrease as long as FefHI) was reduced. Measurements of iron indicated that 
vivianite produced after exponential bacterial growth contained only 10% of the 
total iron in the culture. The rest of iron was constituted by a soluble form of Fe(n) 
and a residual of Fe(IU) citrate. 
Reduction of lepidocrocite, a crystallised ferric oxyhydroxide, by the same bacterial 
strain, was also analysed. The reduction of this mineral was much slower than 
Fefril) citrate but was followed by an continuous increase of pH (from 7.0 to 8.2). 
Availability of crystallised Fe(fil) oxyhydroxide like lepidocrocite to reductive 
process will be discussed. 

REDOX CONDITION HETEROGENEITY AND ITS INFLUENCE ON 
CHEMICAL, MICROBIOLOGICAL AND HYDRODYNAMIC 
CHARACTERISTICS IN A WASTE PLUME (W. SWITZERLAND) 

R. Kozel (1), K. Kennedy (1), J. Zobrist (2) and P. Rossi (3) 
Hydrogeology Center, Uni Neuchatel, CH (2) EAWAG Duebendorf, CH 
(3) Microbiology Laboratory, Uni Neuchatel, CH 
ronald.kozel@chyn.unine.ch FAX:+41-32-718-2601 

Diverse and widespread reduced conditions exist in the Seeland aquifer (70 km2), 
an important public water supply. To the SE, these are mainly due to decades of 
seepage, rich in degradable organics, from unlined discharge sites at a sugar 
refinery. Studies in the 1950s and 1970s showed an extended plume of reduced 
groundwater deteriorating water supplies. The aquifer consists of about 20 m of 
inter-layered gravel, sand, silt and clay which are of lacustrine and fluvic-glacial 
origin. This heterogeneity makes it difficult to determine exact horizontal/vertical 
plume extent, its Redox conditions and the transport of contaminants DOC, Fe, Mn 
and K. Recent regional surveys show limited rehabilitation from the infiltrating 
Alte Aare River. In 1997, the Redox chemistry and the microbial activity were 
evaluated in 10 wells at a field site about 1 km from the original ponds. Redox 
conditions varied strongly even over the limited distance of 70 m and between the 
shallow and deeper aquifer layers. Eh varied from -180 mV to +61 mV and 
dissolved oxygen from 5 to 25 % saturation. Oxygen added to observation wells 
caused rapid indigenous iron and manganese oxidizing bacterial growth 
(Siderocapsa sp., Gallionella sp., Leptothrix sp.) and high-permeability (10-2 m/s) 
gravel plugged in several hours. Ongoing work Will document the iron, manganese, 
sulfate and bacterial species and investigate the mechanism of pathway clogging. 
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HYDRO-GEOCHEMICAL MODELLING OF A REACTOR ZONE 
IN BANGOMBE (GABON): CHARACTERIZATION OF REDOX 
PROCESSES 
E. Ledoux(l), B. Made(l), D. Louvat(2) and P.L. Blanc(3) 
(1) Ecole des Mines de Paris, CIG, Fontainebleau, France; (2) CEA Cadaiache, 
DCC/DESD/SESD, France; (3) IPSN/DPRE/SERGD, Fontenay-aux-Roses, France 

The hydro-geochemical modelling of the Bangombe' site (Oklo, Gabon) based on 
the groundwater analysed for major and trace elements and for isotopes allows 
the characterization of the geochemical behaviour of dissolved uranium. The mod- 
elling is based on the results of three campaigns, held in March 1993, July 1994 
and September 1996. The geochemical modelling of the solutions sampled in 
March 1993, shows that the groundwater leaching the Bangombe reactor zone can 
possibly result from the mixing of deep, reduced water (BAX01), close to equi- 
librium with uraninite and coffinite (VIV) and oxidized surficial water (BAX06) 
showing a low content in uranium (Uv'). Within the reactor zone, the groundwa- 
ter (BAX03) shows an equilibrium with respect to uraninite and coffinite under 
buffered conditions regulated by Fe"/Fer" ratio characterized by an equilibrium 
between siderite/ferrihydrite found in rock mineralogy. The reduced conditions 
and uranium concentrations are such that precipitation can occur in the reactor 
zone. The geochemical landscape for the 1996 campaign remains similar, apart 
from the fact that the waters are more oxidized. Thus, the uranium content has 
decreased in the deep water and has increased in the shallow waters. The solutions 
sampled in July 1994 show intermediate redox conditions between 1993 and 1996. 
This work is in the EU Nuclear Fission Safety programme assigned Natural Ana- 
logue research activities (started June 1996). 

THE REDUCTION OF CHROMATE IONS BY FE(H) SPECIES 

S. Lovanx < 1 .2Y Ph. Refait (2), P. Lecomte (1) and J.J. Ehrhardt (2) 

(1) Centre National de Recherche sur les Sites et Sols Polities, 930 Bd Lahure, BP 
537,59505 Douai Cedex, France. 
e-mail: cnrssp@ensm-douai.fr 
(2) Laboratoire de Chimie Physique pour rEnvironnement, UMR 7564 CNRS-UHP 
405, rue de Vandoeuvre, 54600 VUlers-les-Nancy, France. 
e-mail: loyaux@lcpe.cnn-nancy.fr 

The reduction of chromate ions by Fe2^ cation, Fe(OH)2 and the Fe(n)-Fe(IH) 
hydroxysulphate known as Green Rust two (GR2) has been studied for different 
Fe(iryCr04

2- ratios (1,0.5 or 0.25). In a first step, Fe(H) is oxidized into Fe(III) 
whereas Cr(VI) is reduced into CrfjH). This first oxidation stage is fast and is 
followed by a slower oxidation step due to the atmospheric oxygen. In these 
experiments, mass balance (ICP-AES) demonstrates that chromium is totally 
incorporated into the solid matrix. The nature of the final solid phases, analysed by 
X-ray diffraction, Mössbauer and Raman spectroscopies, depends on the initial 
ferrous compound and on the Fe(iryCr04

2" ratio. A poorly crystallized or 
amorphous product is always observed. It looks similar to S-FeOOH when Fe(OH)2 

is the initial ferrous phase and it is the end-product of the instantaneous oxidation 
of Fe(H) by Cr04

2". It contains Cr(TII) and could probably play a role in the 
behaviour of chromium in the aquifers. In contrast, well crystallized magnetite - or 
goethite - is produced during the subsequent oxidation of the remaining Fe(IT) by 
atmospheric 02. These last phases do not contain chromium. 

HYDRO-GEOCHEMICAL MODELLING OF A REACTOR ZONE 
IN BANGOMBE (GABON): CHARACTERIZATION OF REDOX 
PROCESSES 
E.Ledoux(l), B. Made(l), D. Louvat(2) and P.L. Blanc(3) 
(1) Ecole des Mines de Paris, CIG, Fontainebleau, France; (2) CEA Cadarache, 
DCC/DESD/SESD, France; (3) IPSN/DPRE/SERGD, Fontenay-aux-Roses, France 

The hydro-geochemical modelling of the Bangomb site (Oklo, Gabon) based on 
the groundwater analysed for major and trace elements and for isotopes allows 
the characterization of the geochemical behaviour of dissolved uranium. The mod- 
elling is based on the results of three campaigns, held in March 1993, July 1994 and 
September 1996. The geochemical modelling of the solutions sampled in March 
1993, shows that the groundwater leaching the Bangomb reactor zone can possibly 
result from the mixing of deep, reduced water (BAX01), close to equilibrium with 
uraninite and coffinite (UIV) and oxidized surficial water (BAX06) showing a low 
content in uranium {VVI). Within the reactor zone, the groundwater (BAX03) 
shows an equilibrium with respect to uraninite and coffinite under buffered con- 
ditions regulated by Fe"/Fe7" ratio characterized by an equilibrium between 
siderite/ferrihydrite found in rock mineralogy. The reduced conditions and ura- 
nium concentrations are such that precipitation can occur in the reactor zone. The 
geochemical landscape for the 1996 campaign remains similar, apart from the fact 
that the waters are more oxidized. Thus, the uranium content has decreased in 
the deep water and has increased in the shallow waters. The solutions sampled in 
July 1994 show intermediate redox conditions between 1993 and 1996. 
This work is in the EU Nuclear Fission Safety programme assigned Natural Ana- 
logue research activities (started June 1996). 

CATALYTIC ROLE OF MINERAL SURFACES IN REDOX REACTIONS IN 
SUBSURFACE ENVIRONMENT 

Emmanuelle Liger', Laurent Charier1 

1. Cellulose and Environmental Laboratory, Iggesund bruk, Iggesund, Sweden. 
eliger@ib.iggesundpaperboard.modogroup.com 
2. Environmental Geochemistry Group, L.G.I.T., University of Grenoble, BP 53, F- 
38041 Grenoble cedex 
Laurent.Charlet@obs.ujf-grenoble.fr 

In natural systems, iron strongly influences the behaviour of pollutants such as 
heavy metals, and particularly, in subsurface anoxic aquifers, dissolved iron plays a 
critical role. The reactivity of an aqueous solution system containing U(VI) (as 
U02(OH)2> and Fe(II), with or without suspended hematite particles present, was 
investigated in strict anoxic conditions. We have shown how reduction reactions by 
Fe(U) are catalysed by the presence of mineral particles. It appears that the 
adsorption of FeI+ ions onto hematite particles creates very reactive reductant 
species. In order to fully describe the reduction mechanism, uranyl reduction was 
followed at various experimental conditions, different U(VI) and Fe(II) total 
concentrations and different pH values. A kinetic law, similar to that observed for 
the oxygenation of Fe(II) has been obtained. The products of the reactions have 
been identified by FT-IR spectroscopy and we can suggest that ferrous iron 
precipitated together with the uraninite U(IV). This can explain the strong decrease 
of uranium mobility in natural system in the presence of hydrous ferric oxides. 
Moreover, the application of this mechanism to mineral ore formation or to the 
confinement of nuclear waste can be discussed. 

THE REDUCTION OF CHROMATE IONS BY FE(II) SPECIES 

S. Lovaux f 1.21. Ph. Refeit (2), P. Lecomte (1) and JJ. Ehrhardt (2) 

(1) Centre National de Recherche sur les Sites et Sols Pollues, 930 Bd Lahure, BP 
537,59505 Douai Cedex, France. 
e-mail: cnrssp@ensm-douai.fr 
(2) Laboratoire de Chimie Physique pour rEnvironnement, UMR 7564 CNRS-UHP 
405, rue de Vandoeuvre, 54600 Villers-les-Nancy, France. 
e-mail: loyaux@lcpe.cnrs-nancy.fr 

The reduction of chromate ions by Fe2*,,, cation, Fe(OH)2 and the Fe(n)-Fe(III) 
hydroxysulphate known as Green Rust two (GR2) has been studied for different 
Fe(IiyCr04

2- ratios (1, 0.5 or 0.25). In a first step, Fe(H) is oxidized into Fe(III) 
whereas Cr(VI) is reduced into Cr(IH). This first oxidation stage is fast and is 
followed by a slower oxidation step due to the atmospheric oxygen. In these 
experiments, mass balance (ICP-AES) demonstrates that chromium is totally 
incorporated into the solid matrix. The nature of the final solid phases, analysed by 
X-ray diffraction, Mössbauer and Raman spectroscopies, depends on the initial 
ferrous compound and on the Fe(II)/Cr04

2' ratio. A poorly crystallized or 
amorphous product is always observed. It looks similar to 8-FeOOH when Fe(OH)2 

is the initial ferrous phase and it is the end-product of the instantaneous oxidation of 
FefH) by Cn04

2". It contains Cr(m) and could probably play a role in the behaviour 
of chromium in the aquifers. In contrast, well crystallized magnetite - or goethite - is 
produced during the subsequent oxidation of the remaining Fefll) by atmospheric 
02. These last phases do not contain chromium. 

ASPECTS OF CONTAMINANTS MIGRATION FROM WASTE ROCK OF 
KHIBINY MINES 

Malinovsky D.N., Kudryavtseva L.P. 
Institute of the North Industrial Ecology Problems, Russia 
E-mail: sharov@inepJcsc.ru 

Objects of research were ultrabasic alkaline waste rocks of Khibiny open pits. 
Objective of the work is to assess degree of negative influence of waste rocks on 
ecological safety of natural waters on surrounding areas. Research includes: I) 
laboratory dissolution of waste rocks under various physico-chemical (pH, T, 
composition of solution) and hydrodynamic (velocity of filtration) conditions; 2) 
determination of absorption capacity of Quaternary deposits with relation to Sr, Fe, 
Al; 3) field monitoring of surface and ground water quality of the area. There were 
obtained dissolution rates of the following chemical species F, P04, Al, Sr, Fe, Mn 
and dependencies between dissolution rate of species and parameters of the 
environment. Special attention was paid to speciarion of metals. Using information 
about quantity of atmospheric precipitation on the area, quantity and dissolution rates 
of selected waste rocks there was done an estimate of pollution entering from waste 
rocks into underlined layers. Experiments on adsorption of Sr, Fe, Al carried out on 
basic types of Quaternary deposits indicate that Quaternary deposits of the area with 
typical depth about 8 meters have high potential on ground water purification from 
Fe and Sr. Concentrations of elements in water samples regularly collected over the 
area are in good coincidence with predicted from laboratory data. The results enable 
to conclude that the most danger to water quality from waste rocks is represented in 
emission of conservative compounds of fluorine. Iron, strontium and aluminium have 
much less migration ability and concentrations in the water being adsorbed (Sr and 
Fe) or precipitated (Al) in the aquifer. 
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MIGRATION BEHAVIOR OF TRACE METALS UNDER CHANGING 
REDOX CONDITIONS IN THE SHALLOW AQUIFER OF A MESOSCALE 
ODER RIVER POLDER (ODERBRUCH) 

Ch. Merz. ZALF. Institute of Hvdroloev 
A. Winkler, FU-Berlin, Department of Environmental Geology 
I. Sieckmann, ZALF, Institute of Hydrology 

The Oderbruch polder includes an area of 800 km1 and is the greatest river polder in 
Germany. The approach of geochemical process studies is a better understanding of 
substance dynamics at the contact zone between the anaerobe groundwater and 
surfacewafer of a vast drainage system with ditches and small rivers. Induced by 
seasonal changing of water levels, different ex- and infiltration conditions occur 
which strongly influence the hydrochemical conditions of the aquifer at the interface 
of groundwater/surfacewater. 
Intensive hydraulic and hydrochemical field investigations were carried out to define 
and characterize the spatial distribution of redox zones. In connection with column 
experiments the migration behavior of As, Cd, Fe, Hg and Zn was quantified and 
balanced. The use of selective chemical extraction analysis in connection with 
radioactive tracer techniques allows the characterization of trace metals migration 
behavior and a determination of solution and precipitation processes of heavy metals 
and their surface interactions with coatings and minerals in redox transition zones. 

REDOX CHEMISTRY OF IRON AND SULFUR AT THE INTERFACE 
BETWEEN SEDIMENT AND GROUND-WATER OF ACID MINE LAKES 

Stefan Peiffer CD. Ariane Peine (1), Andrea Tritschler (1) and Kirsten Kusel (2) 

(1) Limnological Research Station, (2) Bayreuth Institute of Terrestrial Ecosystem 
Research, all at University of Bayreuth, D-95440 Bayreuth, Peiffertguni- 
bayreuth.de 

Acid mine lakes have formed after flooding of former open pit mines with ground 
water, which transports high amounts of ferrous iron and sulfate into the lake water. 
Upon oxidation of ferrous iron and subsequent hydrolysis of ferric iron, 
acidification of the lake water to pH values below 3 occurs. Following the 
hypothesis that microbial alkalinity formation within the sediments of these lakes 
might neutralize the acidity, we studied the biogeochemistry of iron and sulfur at the 
interface between sediment and ground water and in lake water of several acid mine 
lakes. 
In the lake water an intensive redox cycling of iron exists, with high sedimentation 
rates of ferric (hydroxides. The sediments are enriched in iron (up to 400 mg/g d. 
m.) and release ferrous iron from microbial (and abiotic 1) iron (hydrjoxide 
reduction. Within the sediments, sharp redox and pH gradients (from pH 3 close to 
the sediment-lake water interface to pH 6.5) build up. Despite high concentrations 
of reactive iron, also sulfate is microbially reduced. Subsequently, pyrite formation 
occurs under recent conditions, which signifies the reversal of the pyrite oxidation 
process in the aquifer. Storage of reduced sulfur in the sediments points to at least 
partial neutralisation of the acidity by internal processes. However, the overall 
process seems to be limited by the availability of organic carbon to heterotrophic 
microbial activity. 

BONDING AND MOBILITY OF HEAVY METALS IN ROASTED PYRITES 
- A COMPARISON BETWEEN SEQUENTIAL EXTRACTION AND LONG- 
TERM ELUTION EXPERIMENTS 

Johannes Mnller Sc Klaus-Peter Seiler 
GSF - National Research Center for Environment and Health 

Institute of Hydrology 
e-mail: muller@gsf.de Fax:++49/(0)89-3187 3361 

In addition to long-term elutions experiments (2 years) and mineralogical studies of 
roasted pyrites a sequential extraction completed the knowledge about the leaching 
behaviour of these materials, especially the assesment for groundwater. The pyrites 
of different ages originated mostly from the Bohemian Massif and were all 
processed in the same industrial way in southern Bavaria, Germany. Only the 
depostion of roasted pyrites and therefore the weathering eoriditons differed. The 
ages of the roasted pyrites reached from actual, 10, 40 to 60 years. A 8 steps 
sequencial extraction starting with water and ending with aqua regio extraction 
specified the bonding and mobility of heavy metalls in these roasted pyrites. The 
roasted pyrites showed no homogeous development of bonding according to their 
age. There are two crucial points: the water soluble part and the part of heavy metals 
that are fixed in iron minerals and soluble in aqua regio. The last part increased with 
the age of the material. The 40 years old roasted pyrite showed a signicant lower 
leaching behavior than the other materials though its chemical composition is equal 
to the actual roasted pyrite. In the case of As, Cd, Mn arid Ni the sequential ex- 
traction confirmed the results of the elution experiments. On the other hand, the re- 
sults of the elutions experiments for Co, Cu, Fe, Pb and Zn were not representative 
for the water soluble part in the materials. The increasing part of stronger fixed 
heavy metals with the age of the material confirmed with the results of the 
mineralogical studies. They stated recristallisation processes during weathering and 
aging of the material into coating minerals including fixation of heavy metals. 

REDOX MEASUREMENTS - A THEORETICAL CONSIDERATION BASED 
ON ELECTRODE KINETICS 

Stefan Peiffer, 
Limnological  Research  Station, 
Peiffer@uni-bayreuth.de 

University  of Bayreuth,  D-95440  Bayreuth, 

The intention of redox measurements is the characterisation of an aqueous solution 
with respect to its electron transfer intensity. Implicit in this approach is the 
assumption that the measured potential is identical or at least close to equilibrium 
potential. However, from a theoretical point of view, the measured potential is a 
parameter based on electrode kinetics, which can be derived from electrochemistry, 
i. e. the Butler-Volmer-Equation. 
The measured potential is by definition a mixed potential to which each redox 
couple contributes to a various extent. The relative contribution of a single redox 
couple is controlled by at least three parameters: 
• concentration of the redox species, 
• standard rate constant for the electron transfer between the dissolved species and 

the electrode material, 
• the potential difference (usually refered to as overvoltage) between the mixed 
potential which establishes at the electrode and the Nemst potential of a single redox 
couple. 
In this talk, the influence of these parameters on the electrode potential and its 
implication for the measurement of redox potentials will be discussed. 

RARE EARTH ELEMENTS AS TRACERS OF REDOX 
PROCESSES IN SHALLOW GROUNDWATERS 

CJüQILO). G. Gruau (1), A. Dia (1), J. MoWnat (2) and P. Durand (2) 
(1) Geosciences Rennes, UPR 4661 CNRS, (2) Unhide Sciences du Sol et de 
Bioclimatologie, INRA Rennes 
etupetro@uiiiv-rennesl.fr 

The rare earth elements (REE) were analyzed in shallow groundwaters from a small 
agricultural catchment in order to investigate their use as tracers of redox processes 
and groundwater flow. Previous hydrological and hydrochemical studies identified 
two contrasted domains in this catchment: (i) a hillslope zone comprising well 
drained soils where oxidizing conditions prevail, and (ii) a bottomland zone 
characterized by waterlogged soils where conditions are more reducing. This contrast 
in hydrological conditions and redox environments is reflected in the REE profiles 
of local shallow groundwaters. First, a negative Ce anomaly has been found 
systematically in groundwaters from the hillslope zone while groundwaters from 
the bottomland domain have flat LREE profiles with no Ce anomaly. Second, 
average REE concentrations (IREEs) are systematically higher in bottomland 
waters than in hillslope waters. Third, while waters from the hillslope have flat 
shale-normalized REE profiles, bottomland groundwaters exhibit fractionated REE 
profiles, showing marked enrichment of the LREEs over the HREEs. The difference 
in redox conditions allows an explanation on the contrasted behavior of Ce in these 
waters. Among the REE, Ce can occur as Ce5* like the majority of lanthanides, or 
as Ce** in oxidizing conditions. If soluble Ce5* is oxidized to Ce4*, it can 
precipitate from solution to very insoluble Ce-oxides. Consequently the solution 
shows negative Ce-anomaly. Alternatively, if the environment is reducing as in the 
bottomland zone of the catchment, all the Ce occur as Ce3*. Consequently, the 
solution shows no negative Ce anomaly. 

ANALYSES OF THE ANAEROBIC DEGRADATION OF WATER- 
SOLUBLE ORGANIC COMPOUNDS IN AQUIFIC ENVIRONMENTS 

Z. ZHENG, Per AAGAARD (P.O.Box.l047,N-0316 Oslo, Notway) 

A study was performed to analyse the anaerobic degradation of water-soluble 
organic compounds containing water-soluble parts of deicing chemicals and let 
fuels in aquific environments, which often does occur in the saturated zone of the 
aquifer below the water-table. Such process is often subject to several constraints, 
such as the cycling of redox-sensitive inorganic oxidants and microorganisms 
respiration as well as environmental conditions including sediments, temperature, 
groundwater flow, pH, and redox potential. Microorganisms as stimulators for 
oxidants are supposed to play a major significant role in dominating the anaerobic 
degradation of organic compounds which always couples the reduction of 
oxidants. Typical inorganic compounds which act as terminal electron-accepting 
oxidants in aquific environments include nitrate, Fe(IH) and Mn(IV) oxides, 
sulfate which possess various biological activities, thus affecting the anaerobic 
degradation of organic compounds differently. Whereas the cycling of these 
inorganic compounds is experimentally mediated mainly by microbial processes. 
The successful isolation of anaerobic bactria in aquific environments is confirmed 
that the reduction of inorganic compounds coupling with the oxidation of organic 
compounds is microbially catalyzed under anaerobic conditions. The attenuation of 
water-soluble organic compounds appeared to be related to the microbial reduction 
of inorganic compounds. The geochemical modeling of contaminated pore water 
chemistry in relation to mineral assemblages in aquific environments is one of the 
best methods available for quantifying what microbial processes regulate the 
anaerobic degradation of organic compounds in aquific environments. The study 
concluded that anaerobic degradation of organic compounds is much different than 
that of aerobic degradation. New research relevant to the anaerobic degradation of 
organic compounds in aquific environments is still stimulated. 
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01 Process representation in hydrological 
models - can it be achieved? 

Convener: Gallart, F. 
Co-Convener: White, S.M. 

A physically based approach of urban rainfall-runoff modeling 

E.Berthier. H.Andrieu, G.Raimbault (Div. Eau, LCPC, B.P.I9, 44340 Bouguenais, 
France); 
J.D.Creutin (Laboratoire d'ehide des Transferts en Hydrologie et Environnement, 
BP 53 X, Grenoble, France) 

New environmental requirements, such as reduction of urban storm water pollution, 
suggest to address the response of urban catchment to any rainfall event, and more 
specifically to every day rain event. This research need is emphasized by 
experimental data wich confirm the complexity of the urban rainfall-runoff 
transformation, widely affected by still little-known mechanisms: contribution of so 
called 'impervious' surfaces to the flow, contribution of pervious surfaces to the 
flow, urban water exchanges between soil and atmosphere. A physically based 
approach appears suited to represent those mechanisms and to study their 
hydrological influence. Considering the complexity of the urban area, the model 
developped here is a simplified two dimensional scheme representing a cross- 
section of an urban catchment and it is constituted by the following main elements : 
a natural soil, a house, a street and a central trench, located below the street, in wich 
the sewer system is laying. Numericals methods (finite elements) based on the 
equation governing the waterflow in porous media are used to study water 
circulation and resulting outflow in this scheme. The processes of interception, 
infiltration, evapotranspiration, preferential flow, drainage by the sewer system and 
groundwater saturated flow are represented. The communication will describe the 
model and show results of a simulated hydrological year. 

COMPARATIVE VALIDATION OF HYDROLOGICAL MODELS: 
PRELIMINARY RESULTS 

Steve Anderton'. Jerome Latron2, Pilar Llorens, Paul Quinn1, Josef Buchtete3, 
Lucia Ciarapica4 

'Water Resource Systems Research Laboratory, Univ. of Newcastle upon Tyne, UK 
Institut de Ciencies de la Terra 'Jaume Almera', Barcelona, Spain 
'institute of Hydrodynamics, Czech Academy of Science, Prague, Czech Republic 
4Dipartimento di Scienze delta Terra e Geologico-Ambientali, Universita di 
Bologna, Italy 
s.p.anderton@ncl.ac.uk 

The preliminary results of a comparative validation exercise for five hydrological 
modelling systems are presented (BROOK, SACRAMENTO, TOPMODEL, 
TOPKAPI, SHETRAN). These range in complexity from a simple lumped 
conceptual approach to a fully physically-based, distributed approach. The 
modelling systems were subject to a split-sample validation test using data from the 
Cal Rodö research catchment, Catalonia, north-eastern Spain. Model discharge 
and catchment water reserve results are presented and compared with observed 
data. 

MODEL mENTIFIABILrrY AND CONSTRAINING PROCESS 
REPRESENTATIONS IN MODELLING RUNOFF PRODUCTION 

Keith Beven. ENS, Lancaster University, Lancaster, LAI 4YQ, UK 

Much of what happens in catchments during rainstorms is essentially unknowable 
since we do not have the measurement techniques available to be able to follow the 
dynamics of different processes at hillslope or catchment scales. Much of what has 
been learned from small scale process experiments, particularly in the field, has 
added to the complexity of our perceptions of hydrological processes but has not 
clarified how to model that complexity at a new site. We are therefore in a position 
where it would appear to be valuable to seek ways of constraining the feasible 
process representations of a site, in terms of both model structure and 
parameterisations. Some example studies will be given of trying to use water table 
data and contributing area data as well as discharge data to constrain models in this 
way. Two main issues arise: one is the interaction between model structures and 
appropriate parameter values and uncertainty, the other is the introduction of 
heterogeneous parameters where there are spatially distributed predictions available 
with which to condition parameters. It is suggested that a useful concept in the 
application of process models is that of a mapping of the landscape space into a 
space of feasible models, in which field observations are used to limit that model 
space. This then provides a framework for the plannig of measurement programs 
with the greatest value in constraining the feasible model space, and hence the 
resulting (uncertain) predictions. 

PROBLEMS ASSOCIATED WITH THE PARAMETERIZATION OF 
PHYSICALLY-BASED HYDROLOGICAL MODELS: AN EXAMPLE 

Steve Anderton'. SueWhite1 

'Water Resource Systems Research Laboratory, Univ. of Newcastle upon Tyne.UK 
'School of Engineering, Univ. of Durham, UK 
s.p.anderton@ncl.ac.uk 

The basis of the philosophy behind physically-based hydrological models is that 
because they incorporate physics-based representations of hydrological processes 
they can be parameterized directly from observations made in the field or laboratory 
without the need for calibration. However, in reality, this is rarely, if ever, 
achieved. The problems of parameterization of such models have been thoroughly 
discussed in the hydrological literature; these fall broadly into two categories: 
• a lack of information about the catchment being modelled 
• the mismatch of scale between field measurements and model grid scale 
These problems are discussed with reference to the application of the physically- 
based distributed modelling system SHETRAN to Cal Rodö, a small catchment in 
an area of largely abandoned agricultural land in the Catalan Pre-Pyrenees, north- 
eastern Spain. 

AN ASSESSMENT OF THREE MODELS ABILITY TO REPRESENTATE 
THE RAINFALL-RUNOFF RELATIONSHIPS FROM SEMIARID AREAS 

V. Castillo and M. Martinez-Mena 
Dep. of Soil and Water Conservation. CEBAS-CSIC. Murcia. Spain 
victor@natura.cebas.csic.es/Fax 34-68-26 66 13 

The majority of the rainfall-runoff models have been built for temperate or wet 
catchments where modelling is more straightforward, or where the hydrological 
response only involve a subset of the processes which occur in arid and semiarid 
regions. This paper describes the comparison of three modelling approaches: a 
simple process equation (TANH model): a daily runoff simulation model based on 
soil water deficit calculations (KARN model: Kamieli and Ben Asher, 1993): and a 
simple conceptual daily rainfall-runoff model (SFB model: Boughton.1968) to 
evaluate runoff prediction capabilities and the ability for studying hydrological 
response of four zero-order microcatchments in a semiarid environment (Murcia, 
SE Spain), the runoff prediction capability was low for all the modelling 
approaches. Nash efficiency coefficient was less than 0.83 in all the 
microcatchments. Regardless of the model used, the runoff was clearly 
underestimated in medium, high intensity' f> 10 mm h') storm events whereas it 
»as overestimated in long, low intensity storm events (< 10 mm h"1). The KARN 
model performed the best to simulate runoff from low intensity rainfall whereas 
the TANH and SFB models were the best in the simulation of runoff from 
medium-high intensity storm events. 
Unlike the runoff prediction ability, the use of these models as tools to improve our 
understanding of the hydrological processes in semiarid areas was satisfactory. 
The calibrated parameters were closely related with the measured physical soil 
properties and the runoff generation mechanisms detected in the microcatchments. 
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FIELD EXPERIMENT IN AN EFFORT OF MODELLING 

Irina P. Chubarenko 
Atlantic Branch of Institute of Oceanology of Russian Academy of Sciences 
Kaliningrad.Russia 
e-mail:       irina@ioran.kern.ru 

The intensive development of numerical modelling of natural processes caused new 
stage in the field measurements' investigations - field experiment in the aim of 
following numerical modelling. This process is very complicated- because of big 
difference between real field measurements' problems - and physical processes for 
numerical modelling, between real possibilities - and needed data, between 
professional experimentators - and programmists. Especially important became the 
co-operation between them on the stage of numerical modelling verification, when 
"modellier" must point to experimentator a great number of significant details. 
In Atlantic Branch of P.P.Shirshov institute of Oceanology there is a special group 
of Numerical Modelling, which includes specialists both in physics, numerical 
modelling, chemistry, biology - and field experiment in the aim of modelling 
(special experiments during the field season and also monitoring programme). 
Specialists of this group among other have the experience in MIKE21- numerical 
model for Vistula Lagoon calibration and verification. Last summer took place a 
special program for investigation of Vistula spit influence on the fields of wind and 
wave - 
in an effort to estimate the mistake in   incoming to MIKE21 wind data and   to 
compare natural wave field - with calculated ones. 

INTERACTION BETWEEN HYDROLOGICAL MODELLING 
AND FIELD WORK AT THE CATCHMENT SCALE: THE 
VAHMPERE PROJECT 

V ftAT.T.ARTfn ASM. WHITE (21        M  
0) Inst of Earth Sciences Jaume Almera, (CSIC), Barcelona 
i-Mart@ija.csic.es / Fax: +34 3 4110012 

!)UrdvereFty"of Durham, School of Eng..South Road, Durham DH1 3LE. 
8ue.white@duihariLac.uk / Fax: +44-191374-2550 

The VAHMPIRE project (VAlidating Hydrological Models using Process 
studies and Internal date from Research basins), funded by the EC, is a 
commmittment of modellers and field hydrologists to collaborate in 
improving bom hydrological modelling and field observations. The mam 
steps of this collaborative work are the following:  .„,,..,. 
1) Realization of joint field campaigns, when ootn field hydrologists and 
modellers work together in the field to gamer field data for model 
calibration 
2) Application and comparison of different lands of models (SHETRAN, 
TOPMODEL, TOPKAPI, BROOK, SACRAMENTO) to the same 
catchments. 
3) Validation of model results against hydrographs as well as internal state 
variables and processes (soil moisture an<T tensiometry, phreatic levels, 
actual evapotranspiration). 
4) Feedback of model limitations to parameter and structure improvement, 
as well as to new questions on catchment processes. 
Research on scale problems are also addressed, especially regarding the role 
of field features mat cannot be represented by the conventional grid 
structure and methods for monitoring and upscaling internal state variables. 

TOPKAPI: A NEW APPROACH TO RAINFALL-RUNOFF MODELLING 

I.. Ciarapica. E. Todini (Dept. of Earth and Geo-Environmental Sciences, 
University of Bologna, Via Zamboni 67,1-40127 Bologna, Italy) 

The distributed version of a newly developed physically based rainfall-runoff 
model, TOPKAPI, is applied to four different basins, the upper Reno catchment 
(Italy), having an area of about 1,000 km2, represented by a grid cell resolution of 
400*400 m, and three experimental basins: Cal Rodö, Can Vila and Ca l'lsard 
(Spain), having respectively an area of about 4 km2,0.5 km2 and 1.3 km2, and grid 
cell resolution of 20*20 m. Application of the model to the three latter basins is 
made within the framework of the EC VAHMPIRE project. The 'model is based on 
a kinematic representation of flow which accounts for the topography and the geo- 
morphological characteristics of the catchment, integrated over each grid cell, thus 
leading to a cascade of non-linear reservoirs. Purpose of this work is firstly to 
control the effectiveness of the soil-surface-channel interchange mechanisms mat 
are represented, and to establish the opportunity of a more detailed description of 
the soil processes, namely a second soil layer. The work is also aimed at testing the 
suitability of the model at different scales by considering the effect of lumping on 
the parameters representing the soil properies and the surface and channel 
roughness when moving from the distributed to the lumped version of the model. 
The model was in fact formulated to finally assume a lumped form, in which only 
the total water content stored in the catchment would be the state variable 
governing the dynamics of the saturated contributing area for the formation of 
runoff as well as the control mechanism for evapo-transpiration and percolation. 

HYDRODYNAMIC  METHODS FOR EVALUATION   OF 
FIELD OF SATURATION   BY THE OIL  A STRATUM 

A.G. Gavrilov, N.N. Neprimerov, L. Li, M.N. Ovchinnikov, A.V.Shtanin (Kazan 
State University, Kremlevskaya Str., 18, Kazan, 420008, Russia) 

Determination of the filtrational fields (hydroconductivity and piezooonduc- 
tivity) of deposits is an important problem of checking and development man- 
aging of the productive collectors. This problem is solved successfully by the 
means of hydrodynamic methods : differential analysis of the history data 
of development of a deposits and industrial tomography (hydrohearing) of 
stratum by the method of filtrational waves of pressure (FWP). The map« of 
filtrational fields ( on the example of area of Beresov area of Romashkino oil 
deposit) making on results of differential analysis and industrial tomography 
of stratum by FWP method within the range of frequencies from 10"' to 
10"4 flzs and stratum pressure from 15 to 19 MPa allow to value the fields 
of rest oil saturation and define optimum conditions of exploitation the water 
saturated stratum with provision for their own well-marked spottinesses in 
the thickness and permeability. 

THE CONSTRUCTION OF THE RATING CURVE IN RIVER CROSS 
SECTIONS BY USING LEVEL DATA AND A PARAMETERIZED 
FORMULATION OF THE DE SAINT VENANT EQUATIONS. 

P. Di Giammarco, M. Franchini, P. Lamberti (Universita di Bologna, DISTART, 
Viale Risorgimento, 2,40136 Bologna, Italy) 

The construction of a rating curve needs a complex and extensive sequence of 
simultaneous level and discharge measurements. Current technology allows for low 
cost and easy levdineasuiernertwhfletlrediscliargemeasiuernert 
and expensive: thus, it is rarely performed and usually not in flood conditions 
because of lack of safety, variability of the phenomenon during the measurement 
phase and difficulty of activating the measurement team in the due time. As a 
consequence, long series of levels are frequently available for a river reach while 
the information on the rating curves is incomplete or unrealistic. 
A mathematical methodology for approaching the above-mentioned problem is 
proposed In the case of a river where at least one rating curve is reliable, this 
methodology allows a rating curve to be established or validated or extended to the 
range of the high discharges, in all those sections where level measurements are 
sampled and memorised at a short time step. Use is made of the full De Saint 
Venant equations parameterized in such a way that they can be numerically 
integrated in the time-space domain even without Imowmg tbe cross sections of the 
river. Finally, a practical application to a reach of the Po river, where six 
hydrometers are available, completes the presentation of the proposed methodology. 

HYDROLOGIC SIMILARITY: DIMENSIONLESS SIMILARITY 
PARAMETERS OBTAINED FROM KTNEROS MODEL 

A Gomez-Plaza. V.M. Castillo and MMartinez-Mena (CEBAS-CSIC, 
Av. Fama Apdo 4195,30080 Murcia, Spain. e-mail:soil@natura.cebas.csic.es) 

It has been widely shown that adjacent catchments subject to apparently similar 
conditions can have different hydrological response. If catchments can be classified 
in terms of the similarity on their runoff response, models can be developed to suit 
the actual hydrological behaviour on a given catchment. Similarity between 
catchments can be quantified in terms of physically measurable parameters that 
reflect their hydrological behaviour in the same way as the Froude and Reynolds 
numbers has been used to characterize flows regimes in fluids mechanics. 
Three similarity parameters are obtained from KTNEROS model by casting the 
model equations into a dimensionless form through a inspectional analysis. These 
similarity parameters characterize catchments in terms of topography and soil 
hydraulic properties. Four small monitored catchments in semiarid south-eastern 
Spain with field measured soil properties and topography, and known runoff 
response has been used to test the similarity parameters. The results show that two 
groups of catchments can be observed in terms of similarity parameters which fits 
with the observed hydrological behaviour of the experimental catchments. 
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DIGITAL TERRAIN ANALYSIS OF THE HAUTE-MENTUE 
CATCHMENT (SWITZERLAND) AND SCALE EFFECT FOR 
HYDROLOGICAL MODELISATION WITH TOPMODEL 

C. Higy, I. Iorgulescu and A. Musy (Soil and Water Management Institute, 
Swiss Federal Institute of Technology, CH-1015 Lausanne, Switzerland) 

It is widely recognised that the topography plays an important role on the 
generation of runoff. The scale of digital elevation model has been found to have 
some impacts on the results of hydrological modelling in several studies. In 
particular it has been shown that the representation of the statistical distribution 
of the topographic index used by TOPMODEL is sensitive to the scale of the 
digital terrain model. The objectives of this study are to develop an analysis of 
the topography and scale effect for the Haute-Mentue catchment and to test the 
role of different time and space resolution on the result of parameter calibration. 
Secondly, we developed an analytical form for the analysis of watershed 
geometry impact on the calculus of topographic index. 

The major results are that the spatial and temporal scale are important for the 
parameter values, but not determinant for the modelling results if we adopt a 
pertinent methodology for the determination of digital watershed representation. 
Another point is that it is possible to use numerical experiments to examine and 
evaluate the impact of some geometrical parameter on the determination of 
topographic index and water level. In the future, we will be able to propose a 
new approach of the hydrological processes based on scale analysis and coupling 
numerical and terrain experiments. 

SCALING EFFECTS ON RUNOFF AND MOISTURE CONTENT IN A 
GIS-BASED, VARIABLE-SOURCE-AREA HYDROLOGY MODEL 

W.-L. Kuo (1), T.S. Steenhuis (1), C.E. McCulloch (1), C.L. Mohler (1), D. Weinstein 
(1), S.D. DeGloria (1), D. Swaney (1), JA. Zollweg (2) and J.A. Frankenberger (3) 
(1) Cornell University, Ithaca, NY USA, (2) USDA-ARS, University Park, PA USA, 
(3) Purdue University, West Lafayette, IN USA 
tssl@comell.edu 

Recent research on soil chemical and biological dynamics in mixed landscapes has 
shown that the distributions of soil moisture and water transport are crucial for 
environmental management. We examine the effect of scaling on soil water content 
for a grid based, spatially-explicit, variable-source-area hydrology model in a 
watershed in central New York. Data on topography, soil-type and land use were 
input at grid sizes from 10 to 600 m. Output data consisted of runoff and the spatial 
pattern of soil moisture. Simulation results showed higher average soil water contents 
for large grid sizes, because curvature of the land and (to a lesser degree) slope 
decreased with increasing grid size. Higher moisture contents, in turn, increased 
evaporation and decreased (slightly) the runoff. Larger grid sizes also decreased the 
spatial variability of moisture content, especially during dry periods. Scaling-up did 
not affect the distribution of land use and soil type. The results show that relatively 
simple mass balance equations can realistically represent the moisture distribution and 
runoff within watersheds that have shallow and sloping soils, provided that spatial 
distribution of slope is represented accurately. 

UNCERTAINTY ANALYSIS OF GEOCHEMICAL MIXING MODELS AND 
IMPLICATIONS FOR PROCESSES CONCEPTUALISATION 

Jörin, I. Iorgulescu and A. Musy (Soil and Water Management Institute, Swiss 
Federal Institute of Technology, CH-1015 Lausanne, Switzerland) 

Hydrograph separation using mass balance equations for water and chemical tracers 
to determine runoff sources in river discharge is a widely used technique in 
hydrology. Nevertheless during the last years, the environmental tracing techniques 
or more particularly their hypotheses have been discussed and reconsidered. 
According to these discussions the model conception of hydrograph separation has 
advanced. The current trend is for three components mixing models. These models 
are often based on chemical tracers, but in fact it subsists some uncertainty 
concerning their behaviour and therefore on chemical components concentrations. 
This uncertainty may affect hydrograph separation. So it seems important to 
incorporate it in application of natural tracer mixing models. The program AIDH, 
developed by the Soil and Water Management Institute, estimate uncertainty of 
mixing models results. This program is based on a Monte Carlo analysis. This 
approach does not consider the true uncertainty, which depends on the validity of 
model hypotheses. In the case of Haute-Mentue hydrograph separation, the true 
uncertainty was investigated by alternative hypotheses. In this particular case, a 
mixing model, which considers a spatial and temporal variability of chemical 
components content, was retained. It will be discussed how this model and 
uncertainty considerations affect processes conceptualisation, in comparison with 
previous models. 

FROM POINT FIELD MEASUREMENTS TO CATCHMENT DATA SETS 
FOR INTERNAL VALDDATION OF MODELS. I- EXAMPLE OF THE 
CATCHMENT WATER RESERVE 

J. LATRON, C. SALVANY and F. GALLART 
Institute of Earth Sciences Jaume Almera, CSIC, SoIÜ i SabarYs, s/n, 
08028-Barcelona, Spain, jlatron@ija.csic.es/Fax: +34 3 411 00 12 

The use of catchment internal data for model validation is of major interest if the 
purpose of the model is to simulate properly the whole behaviour of the catchment and 
not only to fit resulting hydrographs. However the problem is generally to find an 
adequate way to compare models outputs with field points measurements. Even if the 
comparison between observed and simulated data can be realised on relative changes 
rather than on absolute values, to reduce the effect of model structure on the 
validation, there?s still a need for catchment internal variable for the validation. Within 
the VAHMPIRE project, a methodology to estimate catchment water reserve from 
field measurements has been therefore set up for a set of 3 nested subcatchments in the 
Spanish Pyrenees, using catchment available information (landuse, soil depth, 
topography) and soil moisture content measured by TDR technique. The preliminary 
results obtained have been tested against the information given by the analysis of the 
recession curves as well as against intensive field measurements. 

DEVELOPMENT OF ENERGY AND WATER BALANCE SCHEMES: A NEW 
MODIFICATION AND ITS PRACTICAL APPLICATIONS 

1. Valentina AKhaydarova, PhD (main author) 
The Institute of Water Problems, Tashkent, Uzbekistan 
Telefax:+7 371 1391237 or+7 371 1394479 
2. Natalia V. Penkova, PhD 
The State Hydrological Institute, St.-Petersburg, Russia 
Fax: +7 812 2131028; Email: george@tetris.dux.ru 

Today it is created a great number of mathematical models for prediction of changings 
of evapotranspiration, water consumption and provision with water in agriculture. The 
most well grounded theoretical way of creation of adequate model of processes in 
"groundwater-soil-plants-atmosphere" system is a calculation of energy and water 
balance equations jointly. The semi-empirical energy water balance scheme is put 
orward for the calculation of water consumption by the agricultural cultures, moisture 
storage of the active soil layer and irrigation rates by authors. 

FROM POINT FIELD MEASUREMENTS TO CATCHMENT 
DATA SETS FOR INTERNAL VALIDATION OF MODELS, 
n EXAMPLE OF RAINFALL INTERCEPTION 

P.LLORENSm & SM. WHITER) 
(l)Inst. of Earth Sciences "jaume Almera", CSIC, Sole i Sabaris, s/n, 
08028-Barcelona, Spain. 
pllorens@ija.csic.es / Fax: +34 3 4110012 
(2)University of Durham, School of Engineering, South Road, Durham DH1 
3LE, United Kingdom. 
sue.whhe@durham.ac.uk / Fax: + 44-191-374-2550 

In the framework of the VAHMPIRE project the internal validation of 
hydrological models using field measurements is of major interest as it 
provides information on model shortcomings and represents a step forward 
in model development One of the main tasks is to determine the way to 
generalise the representativeness of point field measurements bom for 
parametrization and validation of models. 
The validation of a Rutter type interception model, used in the SHETRAN 
hydrological modelling system, for the simulation of rainfall interception is 
presented here. The first step is the validation of a "blind run" of the model, 
performed with uniform forest parameters obtained from the literature. The 
second step is the validation of a model run with spatially distributed 
information of forest characteristics based on field observations. 
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The modelling of the water cycle within a GIS based 
SVAT-model framework 

The process-oriented multiscale evapofranspiration model PROMET 
developed at the Institute of Geography, University of Munich, is applied 
for the Ammer basin (approx. 700 km») in the alpine forelands of Germany. 
The physically based soil-vegetation-atmosphere-transfer model calculates 
hourly actual evapotranspiration rates along with the soil moisture for a 10- 
year time series. A rainfall-runoff model, based on an enhanced distributed 
TOPMODEL structure, is linked to the SVAT-model ii order to provide a 
hydrological model covering the water-cycle at the basin scale. The model is 
driven with meteorological data taken from regular climatic stations of the 
German Weather Service. The necessary soil and plant parameters for the 
SVAT model were either measured in the testsite or taken from literature. 
The topographical parameters for the runoff model were derived from 
detailed digital terrain analysis. The major investigative goals of the study 
combine the understandig and application of basin inherent physical 
processes within a GIS based model framework such as the spatial 
distribution and temporal evolution of evapotranspiration and runoff 
patterns. Remotely sensed data, such as airborne SAR-interferometry and 
imaging spectrometry are involved in improving the actuality and accuracy 
of the parameters in use. 

THROUGHFLOW VARIABIIJrY IN A SHALLOW FOREST SOIL ON A 
GLACIATED HILLSLOPE: IMPLICATIONS FOR MODELLING 

RXLMflQtt and D. Hutchinson 
Geography Department, Simon Fräser University, Bumaby, B.C., Canada 
e-mail address: roberLmoore@sm.ca 

Many models of catchment hydrology incorporate the assumption that hilldope 
flow paths can be inferred from surface topography, i.e., that flow paths cross 
elevation contours at right angles. While this assumption provides computational 
efficiency, it has been brought into question by recent studies which have 
emphasized the role of bedrock topography (e.g. JJ. McDonnell, 1997, J. HydroL 
(NZ.) 3657-100). The present research investigated the controls on the pathways 
followed by throughflow in a forest soil underlain by relatively impermeable basal 
till. Throughflow was collected in a set of 9 troughs approximately 1-2 m in width 
at a road cut which exposed both the soil and underlying tin, as well as for a 50-m- 
wide hillslope segment which included the trough outflow. A network of 37 
piezometers was installed upslope of the troughs to determine saturated zone 
thickness and hydraulic gradients. Measurements were made throughout several 
storms. The results indicate that flow paths may not be reliably predicted from either 
surface or bedrock/till topography in macroporous forest soils, particularly at the 
small plot scale, due to lateral shunting of flow in macropores. Further research' 
needs to address the density, orientation and connectivity of macrcpore systems, and 
whether these effects can be parameterized for modelling purposes. 

SPECTRAL AND CROSS-SPECTRAL ANALYSIS OF THREE 
HYDROLOGICAL SYSTEMS 

J. Molenat (1,2), PJDavy (2), C.Gascuel-Odoux (1) and PJJurand (1) 
(1) INRA, Sciences du Sol, Reimes, France (2) CNRS, Oeosciences, Rennes, 
France. 
molenat@roazhon.inra.fi/Fax: (33J-2-99-28-54-30 

Three agricultural catchments of about 5 km: located in France were studied using 
spectral and cross-spectral analysis of nitrate (N03) concentration in streamflow and 
discharge time series. The objective was to identify a transfer model and to evaluate 
an average residence time for water and nitrate for each catchment The simple 
spectral analysis of N03 concentration revealed a unique and strong periodicity of 
one year for all catchments. The N03 concentration time series are always well 
correlated with discharge. However the time lag between the two time series is 
different for each catchment This differentiation suggests specific hydrological 
controls of N03 exportation for each site. Either N03 is exported as soon as 
streamflow increases or exportation is delayed in comparaison of streamflow. For 
each catchment, we have also established the frequency response function (FRF) by 
the cross-spectral method between estimated N03 input and observed N03 output. 
By comparing the estimated FRF and FRF of theoretical transfer model, we have 
determined the mean residence time of N03. These residence times for N03 , 
varying from 40 days to almost one year, are discussed in regard of field data and 
catchment description. This study shows that spectral and cross-spectral analysis are 
valuable and simple descriptive methods to get physical interpretation of water 
quality control in hydrological systems. 

A CONCEPTUAL 10 DAYS WATER BALANCE MODEL WITH STEP 
WISE PARAMETER OPTTMZATION. 

F. Moreda and W. Bauwens 
Laboratory of Hydrology, Free University Brussels Belgium 
fmoreda(S.vub.ac.be Tel. +32 26293021 Fax +32 26293022 

Most of lumped Conceptual rainfall runoff models attempt to represent hydrological 
processes by mathematical equations and multiple layers of storages. These 
equations are sometimes over parameterized and moreover high correlation between 
parameters hinders identification of significance of a parameter. In this study a 
parsimonious lumped conceptual rainfall-runoff model for 10 days time step is 
described and among the parameters describing the model the base flow parameter is 
obtained byliydrograph analysis. The model structure consists of two interconnected 
layers of storages upper soil moisture and Groundwater storage. The upper storage is 
augmented by rainfall (infiltration) and depleted by evapotranspiration, inter-flow, 
and percolation to the underlying ground water storage. The groundwater storage is 
augmented by percolation and depleted by base flow. The link between the two 
layers and flow components generation are represented by fairly simple equations 
and water balance at a catchment scale. This model suit specially regions where two 
seasons rainy and dry seasons are easily identified to obtain the base flow parameter 
through hydrograph analysis. The model is applied to two semi-arid catchmenets, 
Awash (Ethiopia) and Miwmbashi (Zambia). 

Modeling the Hydrological Patterns within a Hydrological- 
geochemistry Framework 

Helena Molicova and Pierre Hubert 
Centre d'lnformatique Geologique, Ecole des Mines de Paris 
molicova@cig,ensmp.fr 
Mike Bonell 
UNESCO, Division of Water Sciences, Paris 

Using a physically-based topo-hydrological model, TOPMODEL, we 
investigated whether it is a sufficiently reliable conceptual tool to represent 
stormflow generation processes. The efficiency of TOPMODEL to represent 
internal hydrological processes within the basin was examined through 
confrontation of internal state variable predicted by TOPMODEL with 
tensiometer measurements. 
Having acknowledged the TOPMODEL modeling concept for the given 
catchment, to achieve a sound understanding of streamflow generation 
processes, we combined hydrological and hydrochemica! methods within the 
TOPMODEL modeling framework in order to take into account both the 
hydrological and hydrochemical fluxes (chloride, potassium). 
The proposed model was developed using the 'process' end-members - 
perched water table, recharge soil component and overland flow. Unlike the 
geochemical approach, the chemical signatures of these end-members were 
rather linked to the runoff generation processes than to the depths of origin. 
Beside the validation of TOPMODEL predictions of moisture status of the 
studied basin across the stormflow event, this study is intended to address 
the need for reconciling field results from a combined hydrological- 
geochemical approach. 

ON THE USE OF THE DIFFUSIVE WAVE MODEL TO IDENTIFY 
GEOMORPHOLOGIC TRANSFER FUNCTION FROM DIGITAL 
ELEVATION MODELS 

R.Moussa(i) 
(1) Instiut National de la Recherche Agronomique, U.R. Science du Sol, 2 Pi. Viala, 
34060 Montpellier Cedex 1, France. 

Recently, several attempts have been made to relate the hydrological response of a 
catchment to its morphologic features. The aim of this paper is to present a 
methodology to automatically identify the transfer function, using digital elevation 
models for applications in distributed hydrological modelling. The transfer function 
proposed herein is based on the Hayami approximation solution of the diffusive 
wave equation. Digital elevation models were used to extract channel network and 
subdivide the basin into subcatchments. Each subcatchment produces, at its own 
outlet an impulse response which is routed to the outlet of the whole catchment 
using the diffusive wave model described by two parameters, celerity and ditfusivity 
functions of geometrical characteristics of the channel network. First, a 
geomorphologic unit hydrograph obtained by routing an homogeneous effective 
rainfall was compared to the unit hydrograph identified by a lumped model scheme 
then the distributed model was applied to take into account the spatial variability of 
effective rainfall in the catchment Results show that this new method seems to be 
adapted for distributed hydrological modelling; it enables to identify a transfer 
function response of each hydrological unit, here subcatchments, and then to 
simulate the contribution of each unit to the hydrograph at the oudet. 
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LONG-TERM STOCHASTIC PREDICTION OF RUNOFF 

P. Pekirovi*, J. Pekir" (institute of Hydrology, Slovak Academy of 
Science, P.O.BOX 94, 830 08 Bratislava 38, Slovakia; "Faculty of 
Mathematics and Physics, Comenius University", 842 IS Bratislava, 
Slovakia; e-mail: pekarova@uh.savba.sk) 

The contribution deals with a verification of the possibility of the long- 
term annual runoff prediction in the Danube (at Bratislava), the Vah, 
and the Labe (at DeCin) rivers using the classical time series analysis 
and stochastic Box-Jenkins models. The stationarity, homogeneity, 
trend, as well as periodicity of annual discharge series (95 to 145- 
annual data series) were studied. In every considered river the 
significant 3.6 (±0.1)-years period was found. In the upper Väh river's 
basin this period is manifested by substantial changes in runoff regime 
seven yearly (seven dry years followed by seven wet ones). Using 
spectral analysis, next periods (app. 2.4-; 4.2-; 5-; 10-; 13-; 14.4-; and 
31- years) were identified The decrease of monthly runoff was satisfied 
at all considered cross-sections during the last 15 years. To illustrate 
the results of the modelling, the seasonal integrated mixed model 
SARJMA(5,0,0) X(5,0,1)L was applied in the studied rivers. 

HYDROLOGICAL RESPONSE OF A SMALL CATCHMENT IN SEMIARID 
ENVIRONMENTS (SW, SPAIN) AND MODEL APPLICATIONS 

Schnabel, S.; Ceballos. A.: Gallart, F. & Gömez-Amelia, D. 
Dpt. of Geography, 10071-Caceres (Spain), sschnab8geot.unex.es 

Hydrological behaviour is studied in a small experimental catchment (35,4 ha) 
situated in areas of open evergreen woodland under silvo-pastoral landuse in Spain. 
The hydrological response of the study catchment is complex because of the 
difficulty of delimiting the role of intervening factors. The results obtained 
demonstrate the essential function of valley bottoms filled with sediments as "water 
storage" and "water transmitter" in liquid and gaseous conditions. Runoff 
coefficients on hillslopes are higher than at the catchment scale, indicating that 
runoff is «infiltrated at valley bottoms. Frequently, slope overland flow is not 
connected to the principal channel. Depending of the retention capacity of valley 
bottoms in relation with soil moisture, two runoff models have been observed: 
Hortonian and saturation overland flow. During the study period channel flow was 
measured at the catchment outlet on average 11 times per year. The most common 
runoff hydrograph is characterized by a very fast flood which decreases quickly. 
Annual runoff coefficients varied between 1 % and 15,2 %. It was intended to apply 
the Topmodel with data from the Guadalperaldn catchment The principal problem 
encountered is that channel flow is ephemeral arid continuous baseflow does not 
exist. Consequently, it is neccessary to design a model which considers the 
reinfiltration mechanism of slope runoff into the valley bottoms, in order to model 
the hydrological response of small catchments in semiarid environments. 

Nesting localized models and data within catchment models and data. 

Paul Ouinn and Steve Anderton. 
Water Resource Systems Research Laboratory, University of Newcastle,NEl 7RTJ. 
P.F.OuinnlSncl.ac.uk 

A distinction is made between 'general' catchment models and data and localized 
'process' models and data. A high resolution, 'characteristic' patch model is 
constructed that depicts all the local features that directly influence flow generation. 
In the case of the Vallcebre catchments within the VAHMPIRE project, this 
includes man made terraces, ditches and the variation of soil depth across the 
terraces. The localized patch model is used to redistribute moisture within the 
terrace. The predicted status of the water table and soil moisture deficit can then be 
tested against the independent measurements (i.e. piezometers and TDR). The 
catchment models are constructed from and tested against catchment data (using a 
DTM and a streamflow hydrograph). The catchment models, in this case 
TOPMO0EL (20 m resolution) and SHETRAN (100 m resolution), can reproduce 
hydrographs well, but cannot represent the localized sub-grid scale processes. The 
boundary conditions and average moisture conditions within the localized model are 
set by the catchment model for any location and any timestep. Thus, there is a link 
between the local 'processes' of the high resolution model and the 'general' 
processes of the catchment model. In this study a simple multiple bucket terrace 
model is nested within TOPMODEL and a lm resolution version of SHETRAN is 
nested within a 100m SHETRAN model. 

A genetic algorithm for multi-criteria calibration of 
conceptual rainfall-runoff models 

Jan Seibert' and Kevin Bishop2 

1 Uppsala University, Institute of Earth Sciences, Hydrology, Villavägen 16, 
S-752 36 Uppsala, Sweden 
2 Swedish University of Agricultural Sciences, Department of Forest Ecology, 
S-90I 83 Umea, Sweden 

Calibration against more than one output variable of a model is of 
importance for reliable simulation of internal processes. However multi- 
criteria calibration is not straightforward, as different' goodness-of-fit 
measures have to be optimised. Usually, the final parameter set is a 
compromise between those sets obtained by the calibrations looking only at 
one variable. The way different goodness-of-fit measures are combined must 
depend on the best values that could be obtained with separate calibrations, 
and on the relative importance of correct simulations of the different 
variables. In this study a multi-criteria, genetic algorithm was used for the 
calibration of conceptual rainfall-runoff models simultaneously to both 
observed runoff and groundwater levels. Two different models were used, 
TOPMODEL for the simulation of a till hillslope, and the HBV model for a 
13 km2 basin partly consisting of a large esker. Including groundwater data 
in the calibration procedure aimed to reduce parameter uncertainty, as well 
as to explore the ability of these models to simulate both groundwater 
dynamics and runoff. 

SOIL WATER DYNAMICS IN A TERRACED SYSTEM 

C. SALVANY. J. LATRON, P. LLORENS and F. GALLART 

Institut of Earth Sciences Jaume Almera, CSIC, Sol   i Sabar s, s/n, 
08028-Barcelona, Spain. 

csalvany@ija.csic.es/Fax: +34 3 4110012 

According to the VAHMPIRE project philosophy, catchment scale 
modelling has to be sensitive to the behaviour of smaller scale units for 
simulating properly the internal functioning of the catchment 
From previous field studies, terraced structure is known to play an 
important role on the hydrological response of the Vallcebre catchments. 
Nevertheless, the water dynamics within the terraced system can vary 
significantly depending mainly on soil characteristics. 
In order to assess mis water dynamics, two different terraces have been 
monitored (water content, sou matric potential, water table level and 
evapotranspirative demand). 
Results obtained up to date evidence relevant differences in soil water 
dynamics between the two terraces, that induce two different saturation 
mechanisms. On one hand a "from below saturation mechanism as the 
water table rises and on the other hand a "saturation from above 
mechanism due to the low upper soils hydraulic conductivity. 

Multiscale calibration and validation of a conceptual 
rainfall-runoff model 

Jan Seibertl, Stefan Uhlenbrook2, Christian Leibundgut2 and Sven Halldin' 
1 Uppsala University, Institute of Earth Sciences, Hydrology, Villavägen 16, 
S-752 36 Uppsala, Sweden 
1 University Freiburg, Institute of Hydrology, Werderring 4, D-790 98 Freiburg, 
Germany 

Model calibration and validation usually is limited to comparing streamflows 
at the basin outlet. In this study, however, observed discharge from 
subbasins was used for internal validation and calibration on different scales. 
A conceptual rainfall-runoff model, a modification of the HBV model, was 
applied to nested basins of different sizes (257, 39.8, 15.2 and 0.093 km2) 
located in the Black Forest in south-west Germany. The first step was to 
calibrate the model to the entire basin using only streamflow at the outlet 
and to use the runoff series from the subbasins for validation. In the second 
step these data were included already in the calibration procedure. 
Furthermore, for comparison the model was calibrated to each subbasin 
separately and optimised parameter values were related to the size and other 
properties of the basins. The agreement between measured and observed 
streamflow for the subbasins increased when the additional data was 
included into the calibration. However, it was difficult to obtain as good fits 
as those achieved by applying the model to each subbasin separately. 
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Groundwater dynamics in conceptual rainfall-runoff 
models - looking for more realistic concepts 

Jan Seibert 1 and Kevin Bishop2 

1 Uppsala University, Institute of Earth Sciences, Hydrology, Villavägen 16, 
S-752 36 Uppsala, Sweden 
2 Swedish University of Agricultural Sciences, Department of Forest Ecology, 
S-901 83 Uraeä, Sweden 

In conceptual rainfall-runoff models groundwater dynamics are represented 
by internal state variables. In most conceptual models an unambiguous, 
monotonic function between the groundwater levels and runoff is used. By 
this, it is assumed that the relation between groundwater levels and runoff 
can be described as a succession of steady state conditions. Consequently, 
the simulated rise and fall in groundwater levels always follow the dynamics 
of runoff. This assumption was studied with a geostatistical analysis of 
detailed groundwater level data in a Swedish till catchment. Groundwater 
levels in an area close to the stream followed the dynamics of the runoff 
while this correlation dropped off markedly further man ca 60 meter from 
the stream. However, there still was a high correlation between levels at 
similar distances from the stream. Based on these results, more realistic 
model concepts were proposed to capture the spatially varying groundwater 
dynamics. The catchment was subdivided into areas close to the stream and 
more distant areas, where groundwater levels were simulated that do not 
always to follow the runoff dynamics. 

INVERSE PROBLEM FORMULATION FOR SPATIALLY DISTRIBUTED 
RIVER BASIN MODEL CALIBRATION USING THE ADJOINT METHOD 

B.E. VTEUXfR F. LEDIMET(2), P. ARMANDO) 
(1) School of Civil Engineering and Environmental Science, University of 
Oklahoma, 202 West Boyd Street—CEC334, Norman, OK 73019 USA, 
(2)Ptofessor, LMC-JMAG, Universite Joseph Fourier, 38041 Grenoble, France 
bvieux(Siou.edu fax: +405 325-4217 

Deterministic representation of distributed hydrologic processes requires calibration 
of many parameters but with only limited observations. Identification of optimal 
parameters that minimize a cost function composed of observed and simulated river 
basin discharges poses an inverse problem. The spatial pattern of parameters 
affecting infiltration or hydraulic roughness preconditions the search for optimal 
calibration parameters. The inverse model formed from the linear tangential and 
adjoint models allows computation of optimal calibration parameters and model 
sensitivity. Characteristics of the cost function surface determine whether the 
problem is ill-conditioned and if non-unique sets of optimal parameters exist 

A PHYSICS BASED STORAGE-DISCHARGE FUNCTION FOR 
MODELLING GROUNDWATER DISCHARGE 

William Sloan 
Water Resource Systems Research Laboratory, Univ. of Newcastle upon Tyne,UK 
W.T.Sloan@ncl.ac.uk 

In many lumped catchment scale rainfall runoff models an aquifer is represented as 
a reservoir and groundwater discharge is determined by a single valued function of 
storage in the reservoir. One physics based approach to determining this storage- 
discharge function leads to what is often called a 'quasi-steady state' model and 
stems from the assumption that the dynamics of the saturated zone can be 
approximated by successive steady state representations (e.g. TOPMODEL). It is 
demonstrated here that the errors associated with this assumption are, in many 
cases, large and consequently a storage-discharge function which does not rely on 
this assumption is suggested 

A storage-discharge function is constructed for the saturated region of a hillslope 
based on steady state solutions of the Boussinesq equation for a range of recharge 
rates. This is used in conjunction with a groundwater reservoir to produce a 'quasi- 
steady state' model. The discharge simulated by this model for time varying 
recharge series is compared to that produced by a numerical solution of the 
Boussinesq equation. For many recharge series the 'quasi-steady state' model 
performs poorly in comparison. A modification to the storage-discharge 
relationship based upon a semi-analytic solution to the Boussinesq equation is 
derived which when used in conjunction with a groundwater reservoir can 
reproduce the discharge simulated by the finite difference model. 

INFLUENCE OF CHANNEL LOSSES ON SPATIALLY DISTRIBUTED 
RAINFALL-RUNOFF SIMULATION IN A SMALL ENDOREIC 
CATCHMENT IN THE SAHEL REGION, NIGER, AFRICA 

B.E. yjEUX(l), B. CAPPELAERE(2), C. PEUGEOT(2) 
(1) School of Civil Engineering and Environmental Science, University of 
Oklahoma, 202 West Boyd Street—CEC334, Norman, OK 73019 USA, 
(2)Laboratory of Hydrology, ORSTOM, B.P. 5045,34032 Montpellier, FRANCE 
bvieux@ou.edu fax: +405 325-4217 

Local effects of climatic change impact the hydrologic cycle and resulting water 
resources. The recent drought in the African Sahel, persisting since 1968, 
emphasizes the vulnerability of water resources to climatic variations in this semi- 
arid environment. A GIS-based distributed hydrologic model is coupled with 
hydraulic and infiltration parameters derived from a remotely tensed surface 
condition map. The observed variance and volume draining to a pool from a 2.1 
km1 endoreic basin in an arid Sahelian environment was simulated for four rainy 
seasons. Runoff production, transfer, and loss mechanisms are tightly coupled using 
a finite element in space and finite difference in time solution of the kinematic wave 
equations. Drainage structures comprised of an assumed infiltrating channel network 
were calibrated and validated. Runoff volume was found to be very sensitive to 
parameters governing 1) runoff production from crusted sous, and 2) channel losses. 
Sensitivity of runoff volume variance to channel losses and soil crust infiltration 
rates will be presented. 

INTEGRATED NUMERICAL MODELING OF THE 
RATTLESNAKE CREEK BASIN IN KANSAS, USA. 

Sophocleous, M.A. (Kansas Geological Survey, Lawrence, KS, 
66047). J.K. Koelliker, R.S. Govindaraju* T. Birdie, S.R. 
Rarrrireddygari, and S.P. Perkins 

A comprehensive watershed-scale computer model was developed for 
studying the long-term hydrology of the Rattlesnake Creek Basin in 
South-Central Kansas. A surface flow model (SWAT) was linked with a 
groundwater model (MODFLOW) to obtain SWATMOD, a model mat 
is capable of representing stream-aquifer interaction. The hydrologic 
response unit concept was implemented to combine the two models and 
represent the spatial variability within the basin. An important goal of 
this model was to simulate the effects of changes in water rights and 
agricultural land uses on the stream-aquifer response. A combination of 
tnal-and-error and inverse modeling techniques was employed to 
calibrate the model based on measured groundwater levels, stieamflows, 
and reported irrigation amounts. The paper will present model results for 
a 40-year historical period, followed by a 40-year prediction period 
during which many alternative scenarios were evaluated. The utility of 
such models for managing water rights over basins with water shortage 
will be discussed. 

Hydrologies! modeling to assess the consequences of forest management scenarios 
on snow accumulation, melt, and peak flows In Interior British Columbia. 

Whitaker, A.C., Alila, Y., Calvert, P. and Toews, D. 

The Distributed-Hydrology-Soil-Vegetation-Model is calibrated to the forested 
Redfish Creek watershed in the Kootenay Mountains of southeastern British Columbia 
using internal catchment processes. The 26 km2 basin ranges between 1000 m and 
2200 m in elevation, and the contribution of snow melt to peak flows is very 
important. The objective of the modeling is to simulate the effect of forest harvest 
scenarios on hydrological processes, and the resultant timing and magnitude of peak 
flows. Fully-distributed modeling is required to enable realistic simulation of forest 
management scenarios who Is distribution in space and time is complex. Changes in 
the forest cover which alter snow accumulation patterns and melt rates can be 
simulated by the detailed snow and vegetation components of the model. Input data 
include a DEM, precipitation, temperature, relative humidity, wind, radiation, and 
detailed soil and vegetation characteristics. Aerial photography of snow coverage and 
snow course data were used to evaluate the performance of the snow melt routine. 
Internal tributary discharges were used to ensure the model was simulating streamflow 
generation at the sub-basin as well as basin scale. Five years of data are used to 
calibrate and validate the model. The next stage in the project is to simulate the effects 
of various forest harvest scenarios on long term runoff and peak flows. 
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NP1 Scaling, multifractals and nonlinear variability in 
geophysics 

Convener: Schertzer, D. 
Co-Convener: Lovejoy, S.M. 

02 Scaling, multifractals and nonlinearity in 
hydrology (co-sponsored by HS) 

Convener: Onof, C. 
Co-Conveners: Olsson, J.; Veneziano, D. 

MULTISCALING PROPERTIES OF THE THREE DIMENSIONAL 
SPATIAL DISTRIBUTIONS OF RAIN AND SNOW IN 10 M3 

N. Desaulniers-Soucv. S. Lovejoy (Physics dept, McGill University, 
3600 University St., Montreal, Quebec, H3A 2T8, Canada) 
D. Schertzer (LMD, boite 99, University P. et M. Curie, 4 pi. Jussieu, 
Paris F-75252 Cedex 05, France), M. Duncan. 

High space/time resolution radar rain data reveal multiscaling 
behaviour down to the resolution scale of a radar pulse volume. If this 
behaviour continues at sub-pulse volume scales, it will lead to large 
systematic biases in radar estimates of rain. However, a smaller 
resolution measuring device has to be used to directly test the small 
scale behaviour of the spatial distribution of hydrometeors. Stereo 
photography is used to detect up to 10^ rain drops or snow flakes in a 
volume »10 nA The hydrometeors are lighted by two powerful xenon 
flashes (50 (is, 2000J). Three motorized Hasselblad cameras and 
stereoscopic reconstruction algorithms provide accurate estimates of 
their size and position. Multifractal analyses relating to the field of 
liquid water content (for rain drops) and equivalent liquid water 
content (for snowflakes and ice crystals) are performed and the 
implications for cloud physics, radar measurements of rain and 
millimeter wave telecommunication networks are discussed. 

NONLINEAR EFFECTS ON THE TEMPORAL EVOLUTION OF 
FLUVIAL DISCHARGE : CASE OF THE OUBANGUI RIVER 

D. Aubert (1), A. Beauvais (2), J. Dubois (1) and D. Orange (3) 
(1) Institut de Physique du Globe, Paris, France, (2) ORSTOM, Bondy, France, 
(3) Laboratoire d'Hydrologie, Centre ORSTOM, Bamako, Mali. 
aubertCipgp.jus» i«u.*r 

The daily Oubangui river discharge, measured during 59 years, shows a strong 
one-year cycle, with irregular variations along the time. Our goal is to deter- 
mine the physical nature of theses modulations (stochastic or chaotic process). 
Although the autocorrelation time r is about 3 months, and despite the rela- 
tive shortness of the time serie (22,220 points), the Grassberger and Proccacia 
method can be adapted and applied to this time serie. For different pseudo- 
dimensions p, a pseudo-attractor can be constructed with points of coordinates 
(Q('i)iQ('i+r)r—Q('i+(p-i)r) and the correlation function C(r) is computed, 
where r is the pseudo-distance. The slope of the plot In r vs In C(r) is estimated 
and converges to a value near 7.5. This implies that the Oubangui river dis- 
charge evolution depends on a deterministic dynamical system, with 8 degrees 
of freedom. Other data analysis methods, like Poincare sections and Lyapounov 
exponents may be used to confirm and sharpen this result: 
Examination of the relationship between mean precipitations, measured in dif- 
ferent stations, mean runoff and bassin geomorphologic characteristics may 
provide insight into the underlying physical processes influencing the river dis- 
charge evolution. 

RELATIONSHIP BETWEEN  MULTIFRACTAL ANALYSIS  OF 
RAINFALL TIME SERIES AND SPATIAL RAINFALL DATA 

I. Dwyer (1) and B. Lammering (2) 
(1) Institute of Hydrology, Wallingford, OX10 8BB, UK, (2) Mathematical In- 
stitute, North Haugh, St Andrews, Fife KY16 9SS, UK. 

Better description and modelling of spatial rainfall is needed for hydrological 
applications (eg GCMs and simulations for distributed modelling). One of the 
best measurements of spatial rainfall fields is from radar. This typically renders 
in the order of 100 x 100 pixels for each single radar snapshot. This data is too 
limited for accurate enough estimation of multifractal parameters to distinguish 
different storm types (which is essential for GCM application). 
One technique that we are exploring is using theoretical results to infer spatial 
multifractal characteristics from temporal ones. Under certain conditions we 
may regard temporal readings at a fixed site of a moving system as correspond- 
ing to an instantaneous section of the spatial field. This allows application of 
some recent rigorous work that relates multifractal characteristics of sections or 
"slices" of measures to multifractal characteristics of the measures themselves. 

ELECTRICAL ANALOGY OF FRACTAL HYDRODYNAMICAL 
DISPERSION 

Peter Bakucz (bakucz@vitbme.hu) 
Technical University of Budapest, Department of Water Resources Engineering 

Determination of basic hydrodynamical parameters for pollutant transport in the 
subsurface area. Mathematical modeling of the hydrodynamical dispersion, with help 
of random network of tubes with percolation disorder. For each bond of the system, 
the tracer motion is governed by a convection-diffusion equation, with the drift term 
accounting for the local bond velocity. This represents an extension of random walks 
in disordered media to the important case of finite macroscopic flow rates. There is a 
Poiseuille flow in the tubes, so that the fluid flow problem isomorphic to the current 
flow in random resistor network. The analogy implies the correspondences: node 
voltages equivalent to node pressures and link currents equivalent to link fluxes. Based 
on this analogy a laboratorial electric modell developed to investigate the fractal 
characteristics of hydrodynamical dispersion. Elaborating of 168 laboratorial 
experiments changing the transformed electrical properties modeling of hydraulics! 
and geotechnical parameters. Identifying of the dispersion front. Receiving the set of 
fractal dimension for the dispersion front in [1.38,1.51] 

USING MULTIFRACTAL DESCRIPTION OF SPATIAL RAIN- 
FALL IN GCMS 

I. Dwyer (1) and Birger Lammering (2) 
(1) Institute of Hydrology, Wallingford, OX10 8BB, UK, (2) Mathematical In- 
stitute, North Haugh, St Andrews, Fife KY16 9SS, UK. 

Global Climate Models (GCMs) typically operate on two dimensional spatial 
grids comprising squares of side 100km or more. The averaging of rainfall over 
such grid squares results in rainfall intensities that are too low and therefore an 
overestimation of evaporation and an underestimation of runoff. Current fixes 
include assuming a negative exponential distribution of rainfall intensities and 
an arbitrary fractional coverage depending on one of two storm types. There 
is mounting evidence that rainfall is multifractal and so the incorporation of 
a multifractal description of spatial rainfall in GCMs offers a more realistic 
approach to water balance calculations. The application of a multifractal pa- 
rameterization scheme and a multifractal cascade model within a particular 
GCM are discussed. Preliminary results using the UK Meteorological Office's 
GCM SVAT model (Soil-Vegetation-Atmosphere transfer) make comparisons 
between all the above approaches. 
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ON FRACTAL CHARACTER OF SOIL SOLID PHASE 
SURFACE AS REVEALED BY RETENTIVITY FUNCTION 

AJvtGlobus. Agrophysical Research Institute, StPetersburg, Russia, 
e-mail: aglobus@agrophys.spb.su 

Many properties of sous influencing their fertility as well as the behavior 
in ecological processes are determined by geometry of solid phase. It is 
particularly true for unsaturated sous composing the uppermost part of 
vadose zone. Usually tips geometry is characterized by value of specific 
surface area thus leaving a lot to know about organization of this surface. 
In a case if soil solid phase surface exhibits fractal properties, fractal 
dimension and other fractal characteristics can be used in sous transport 
functions such as retenuviry and hydraulic conductivity. Applying some 
model assumptions we used the relationship dW/dh= ah""* (W - water 
content on volume basis, h - matric suction, D- fractal dimension, »Con- 
stant) to study fractal behavior of chernozem and podzofic soils. To 

determine h we used micropsychrometer method allowing to measure by 
the same technique suctions as big as 80 bar. We found solid phase surface 
to follow die rules of fractaHty (2.39<D<2.99) - the better the less was 
disturbance of a soil structure- particularly for h> 10-20 b. 

MODELING OF CONTAMINANT TRANSPORT WITH HELP, OF 
STOCHASTIC PARTICLE SIMULATION 

Istvan Kontur- Peter Bakucz 
Technical University of Budapest, Department of Water Resources Engineering 

In this paper we investigate the simulation of hydrodynamical contaminant transport 
with help of stochastical particle tracking method in two and three dimensions. Using 
the random-walk method solving the Fokker-PIanck equation with different boundary 
conditions, named reflecting and non-reflecting wall. The fractal nature of the porous 
media simulated by statistical games in possession of the fractal dimension of the 
investigated layer. Fractal analysis of different concentration path lines in central 
symmetrical case where the Pe number about 0 and for the homogen velocity field 
case where the Pe number 10-10000 are elaborated. Investigating the sensitivity of the 
fractal dimension of porous media. One of the result of this article is that the small 
perturbation of the initially fractal dimension of the porous media results very much 
changing in the path line. 

ON SPACE-TIME SCALING OF CUMULATED RAINFALL 
FIELDS 

Ignacio Rodriguez-Iturbe (1), M. Marani (2), Paolo D'Odorico (2) and An- 
drea Rinaldo (2) 
(1) Department of Civil Engineering, Texas A&M University, College Station, 
Texas, (2) Dipartimento di Ingegneria Idraulica, Marittima e Geotecnica, Uni- 
versity di Padova, Padova, Italy. 

In the study of space-time rainfall it is particularly important to establish char- 
acteristic properties to guide both theoretical and modelling research efforts. 
In the present paper new observational analyses on the scaling properties of 
time-evolving cumulated rainfall fields are presented, and a theoretical frame- 
work for their interpretation is introduced. It is found that the time evolution 
of the spatial organization of a cumulated rainfall field produces characteris- 
tic scaling relationships of spatial variance vs. time. The reproduction of these 
relationships constitutes a basic requirement for spatial-temporal field gener- 
ators in order to model important properties of real rainfall fields. It is then 
shown, on theoretical grounds, what properties the instantaneous rainfall in- 
tensity fields must obey in order to reproduce the experimental observations, 
and how the size of the observation domain affects the scaling relationships. 
Some current stochastic models of space-time precipitation are finally discussed 
and analyzed in the light of the tools introduced, to show under what circum- 
stances the models considered give acceptable results. Furthermore, it is shown 
that the assumption of an exponential time correlation function, used in many 
current rainfall models, is not compatible with observations. 

FRACTALSTRUCTURl; OKl.ARCiK.ST RIVERS Or CENTRAL ASIA 

t jlnzirma Murii« (Central Asiim Research Hydroraelcnrological lustiiutc, 72, 
K. Makhsumov »lt., 700052: Tashkent.Uy.heki»tan) 
I'.-innil: saiiigmitHlgimcl.gnv.ti-/ 

Chungc» ol climate lake place in Central AMUI legion •! present. One of 
possible rea»on»orihts process is Aral Sea degradation. That b wh) a proMcm 
i>r iiive«ll(talion «r all rivers of the region hy various method« is very mpurtaw. 
Some of Ihe methods are useil in former Soviel Union for many .«ore others are 
developed uusiuTicientlv lill now. One of such methods is modeling of river 
network using alhcorv ol* fractals and wlfsimilaiil). Validation of Ihcorelical 
premises or Ihislheort was mode for largest river» of Central Asia - Narynand 
Vahsli. Their run-oll'U iioi distorted powerfully hy economic aelivily in llic 
mountain pan of their watersheds. It was shown thai a structure of chosen rivers 
network satisfies to conditions of sclfsimilarity. Some parameter» seH»imilarit,v of 
Ihe objects were evaluated. The-, »re parameters of empirical laws of river network 
»Iruclurc. Dependences of length» of mam on watershed area» were found, 
(■racial dimensions of Narvn and Valish River networks were evaluated. 

Resullcsoflhe invcsilgniion ran he used in future lor evaluation i.r«ome 
parameter« of simulation models of n river network «truclurc changing under 
an Influence of various natural and uiithropogcnk' faclor». Moreover, 
investigation of selfsiinilanty and fractal» of river network can permit to comprcs» 
an information for it» saving. 

SCALING BEHAVIOUR OF MACRODISPERSION IN A BRO- 
MIDE TRACER EXPERIMENT ON THE FIELD SCALE 

Uwe Jaekel, Holger Schwarze and Harry Vereecken 
Research Centre Jiilich, ICG-4, D-52425 Jiilich, Germany. 
u.jaeksiefz-juelich.de, h.schwärzet*z-juelieh.de, 
h.vereeckenWz-juelieh.de/Fax: [49] 2461-61-2484 

We investigate the scaling behavior of the longitudinal macrodispersivity ob- 
served in a bromide tracer experiment on the test site Krauthausen. Based on 
a geologic characterization, the aquifer is subdivided into three layers. For the 
rather heterogeneous two upper layers of fluviatile origin, we observe a power 
law scaling of the macrodispersity according with the scaling law discussed by 
Neuman (1991). In the deepest and more homogeneous layer, however, we find 
evidence for asymptotically Fickian behavior. Results are compared to numer- 
ical simulations and information obtained from hydrogeologic and geophysical 
measurements. 

EMPIRICAL RELATION BETWEEN FRACTAL DIMENSION OF SUPPORT AND 
AVERAGE ACTIVITY FOR SPACE-TIME RAIN DISTRIBUTIONS; 
COMPARISON WITH A SPACE-TIME MULTITRACTAL MODEL. 

n    Marsan   (Dpt.   of   Geology,   University   College   Dublin,   Belfield,   Ireland, 
dmarsan@ollamh.ucd.ie) 
D. Scbertzer (Laboratoire de Modelisatkn en Mecanique, Universite P. et M. Curie, BP 
162,4 Place lussieu, 7S252 Paris Cedex OS, France, acoeroe®lmm.jujsieu.fr) 
S. Lovejoy (McGUI University, 3600 University Street, Montreal, Quebec, H3A 2T8, 
Canada, tovejay@physics.mcgill.ca) 

We further discuss die two extreme hypothesis concerning the origin of zeros for rain 
fields: the zeros are due to fi) the rain process itself, which naturally distinguish between 
'dry* and "wet" areas/periods (e.g. Kadern and Chiou). and (ii) to the thresholding caused 
by die measuring apparatus (e.g. Lovejoy and Schema). An empirical relation is derived 
between the fractal dimension D of the apparent spatial set supporting rain distributions and 
the local rain average activity Ä, for different space-time rain dataiets inferred from radar 
reflectivity signals: D varies linearly with tog(R). This is in agreement with the observation 
of Over and Gupta (1994). However we show with (he help of a space-time multiracial 
model (Marsan et al. 1996) that our result rather supports the second hypothesis (it)- 

The success of mis model to predict the observed relation is an indication that 
mulitplicative cascades are pertinent for the dynamical modelling of rain; they correspond 

to a hierarchy of rainy structures at all scales f, with typical life times»/ varying as </ ~P, 
where His a measure of die scaling anisotropy between space and time. 
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FRACTAL ANALYSIS OF THE SPATIAL DISTRIBUTION OF SOURCE 
BASINS WITHIN THE CATCHMENT 

R. Mousm (1), M.G. Toumoud (2) and C. Bocquillon (2) 
(1) Instiut National de la Recherche Agronomique, U.R. Science du Sol, 2 PI. Viala, 
34060 Montpellier Cedex 1, France, (2) Laboratoire 'Geofluides Bassins Eau', 
University Montpellier II, PI. E. Bataillon, 34095 Montpellier Cedex 5, France. 

The most common approach to extract the channel network from Digital Elevation 
Models, is to specify a threshold area, S, which is the minimum area required to 
drain to a point within which a channel forms. It is recognized mat different 
threshold areas will result in substantially different channel networks for the same 
basin. This paper studies the effects of S, which is also the scale of observation, on 
scaling and morphometric properties such as the number of sources and the areas of 
source basins and lateral basins. Twelve basins located in southern France and 
having their outlet in the Mediterranean sea were extensively studied. The results 
indicate that morphometric properties vary considerably with S, and that the spatial 
distribution of source basins can be considered as a fractal Sierpihski space. A 
simple model based on the procedure similar to the Sierpinski carpet construction is 
proposed to explain empirical relations between the number of source areas and the 
threshold, S. The model presents a new approach to estimate basin fractal properties 
and defines new indices to characterize the spatial distribution of first order basins. 
This methodology is useful for hydrologists and geomorphologists dealing with 
river networks and spatial patterns of various basin properties such as vegetation, 
soil, soil moisture and human activities. 

MULTIFRACTAL ANALYSIS OF DAILY RAINFALL DATA 

F. Schmitt (Institut Royal M&eorologique, Sect. Climatologie Dynamique, 3 
avenue circulaire, B-l 180 Bruxelles) 

A spectral analysis of high resolution rainfall data usually shows roughly two 
different regimes: all f^ spectrum for time scales smaller than several days, and a 
nearly flat spectrum for scales from days to years. We focus here on the latter 
scales. Using wavelets for the scale degradation, we show that at these scales the 
rain field can be modeled with multifractals: because of the white spectrum and the 
non-Gaussian statistics, these can be called "white multifractals". We estimate 
several parameters in the universal multifractal framework, using daily rainfall data 
recorded in more than 100 stations in Belgium since 1951. 

Using the latter parameters, we then simulate rainfall time series having the 
same statistics (and dynamics) as the data. This may be used as input to 
hydrological models. 

MULTIFRACTAL ANALYSIS AND EXTREMES OF DAILY 
RIVER FLOW SERIES FOR BASINS FIVE TO TWO MILLION 
SQUARE KILOMETERS 

G. Panjey (1), S. Lovejoy (2) and D. Schertzer (3) 
(1) Scripps Institution of Oceanography, University of California, San Diego, 
9500 Gilman Dr. La Jolla CA 92093-0224, (2) Physics department, McGill Uni- 
versity, 3600 University, Montreal Que, H3A 2T8 Canada, (3) Laboratoire de 
Moderation en Mecanique (CNRS UMR 7607) case 162 Universite P. et M. 
Curie, 4, place Jussieu, F-75252 Paris cedex 05. 
schertzaCcer.jussieu.fr 

Daily operational river flow data from twenty river basins from the continental 
USA with sizes varying from 5 to l.SXlO'km7 and durations up to 80 years, 
were analyzed to deter mine the limits and types of scaling. Although no outer 
limit to the scaling was found there is a break in the scaling regime at about 
one to two week time period. This is in a greement with other scaling studies 
of rain, river flows, temperature and topography and corresponds to the "syn- 
optic maximum'' -typical life time of planetary scale disturbances. Despite the 
varying basin areas and series length, the estimated multifractal parame ters 
characterizing the infinite hierarchy of scaling exponents as well as the expo- 
nents characterizing the extreme self organized critical events, were consistent 
and close to the river basins from France. We used those critical exponents 
to theoretically determine the accumulated volume as a function of interval 
duration. We compared the multifractal and standard treatment of extremes 
showing that the multifractal treatment is quite superior. 

SELF-SIMILARITY AND MULTIFRACTALITY OF RIVER PRO- 
FILES 

D. Veneziano, J.D. Niemann, and R.L. Bras 
Dept. of Civil and Environmental Engineering, MTT, Cambridge, MA, USA 
venezian@mit.edu/Fax: +617-253-6044 

DEM data analysis reveals two statistical scaling properties of river profiles. Let 
Ah(A, AL) be the elevation difference between the section that drains area A and the 
section downstream at distance AL. A first scaling property, of the self-similar (ss) 
type, holds between elevation drops at different locations along the river. One finds 
that, with good approximation, Ah(A, AL) =d r" Ah(rA, r°5AL) for any r > 0. A 
second scaling property applies locally, to elevation drops from any given section to 
sections downstream at different distances AL. This second property is of the 
multifractal (mf) type: for any r £ 1, Ah(A, AL) =" W, Ah(A, AL/r), where W, is a 
random variable. For the profiles we have analyzed, H is zero or slightly positive and 
Wr has a distribution that is close to either a log-Levy variable with low a or the 
product of a Bernoulli and a lognormal variable, the latter with small variance. Both 
mf models are consistent with a "pool-riffle" morphology. The ss and mf properties 
are unrelated (a river profile may be ss but not mf, or mf but not ss). In some river 
profiles, H or the distribution of W, vary somewhat with contributing area A. We 
show that ss is a property of equilibrium topographies generated by various fluvial 
erosion models, whereas mf may originate from multifractality of the geologic 
stratification or the riverbed erosion/deposition/transport processes. Finally, we 
develop coupled models of the drainage area and river profile processes (A(L), h(L)} 
that satisfy both global self-similarity and local multifractality. 

HSB1        Water resources research 

01 Water resources of international river 
basins 

Convener: Savenije, H.H. 
Co-Convener: van der Zaag, P. 

STREAM (Spatial Tools for River basins and Environment and Analysis of 
Management options): The Ganges, Brahmaputra, Meghna river basin' 

J.C.J.H. Aerts (1), W. PA. van Deursen (2), M. Kriek (1), M. Schepel (1) 
(1) Resource Analysis, Zuiderstraat 110, 2611 SJ Delft, The Netherlands, (2) 
Carthago, oostzeedijk beneden 23a, 2062 VK, Rotterdam, The Netherlands. 
JeroenAerts@Resource.rd / Fax: +31-15-2124892 

The Ganges, Brahmaputra, Meghna (GBM) catchment covers 1.8 million square 
kilometres of India, Nepal, Bhutan, Bangladesh and China. It is estimated that 
by the year 2020 the total population within the basin reaches 1 billion people. 
The population density varies widely over the basin from 717 per km2 in 
Bangladesh to 121 per km2 in Nepal. An important question related to river 
basin management is, given the dense- and the fast growing population, how to 
maintain the natural resources in the basin in order to satisfy the needs for food 
and water for the population. Furthermore, exogenous influences like Climate 
Change may cause significant changes of the balance of the hydrological cycle 
within the basin. The STREAM instrument (Spatial Tools for River basins and 
Environment and Analysis of Management options) is designed by Resource 
AnalysisResourceAnalysis>Main for River Basin studies with emphasis on 
management aspects. STREAM uses a spatial distributed water balance model 
for the Ganges Brahmaputra basin. This model enables the analysis of the 
impacts of Climate Change on the fresh water hydrology of this basin. 
Furthermore, land use changes are of major influence on the water availability 
of the GBM basin. STREAM uses Remotely Sensed data for determining land 
use. 
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TURKEY'S SOUTHEASTERN ANATOLIA PROJECT: 
CAUSE OF CONFLICT BETWEEN TURKEY, SYRIA AND IRAQ 

ABulntU. T.Cokg6r(l) 
(1) Istanbul Technical University, Civil Engineering Faculty, Division of 

^draulics,80626>laslak,Istanbul-TURKEY, bulu@sarryer.cs.itiLeon.tr 
Fax:+90 212 285 3710 

Turkey wim a surface area of 780 000 km2 and a population over 63 million, is a 
country with considerable water resources in a region where sufficient amount of 
water has never been available, and water is expected to be the key to war and 
peace in the future. Turkey's annual consumable water potential is 107 km' and 
the annual per capita water potential is at present 1700 m3. Thus Turkey can not be 
considered "water-rich" country, and its per capita potential is nearly the same as 
those of its neighbours such as Iraq (2910 mVyr) and Syria (1420 m'/yr). Most of 
the water resources of the country is in the Southeast and Eastern Black Sea region, 
whereas the demand is high in the Western and Central Turkey. Therefore the 
transfer of water between the river basins will be required in the future. South- 
eastern Anatolia Project (GAP) is the largest regional development project of 
Turkey. A total of 22 dams and 19 hydropower plants are to be constructed as 
components of CAP. 27350GWtyr.wfll be produced (22% of the country's 
hydropower potential) and 1.7 million ha will be irrigated (19% of Turkey's 
economically irrigable land). The problem of the comprehensive and rational 
management of the integrated water and land resources of the Euphrates and the 
Tigris river basins can be performed by a team consisting of technical personnel 
from Turkey, Syria and Iraq advised by independent international experts for the 
rational solution of the conflict between three riparian countries. 

LEGAL AND INSTITUTIONAL FRAMEWORKFORTHE MANAGEMENT OF 
SHARED WATER RESOURCES IN THE SADC REGION 

L. Thamae (SADC Water Sector P.O. Box A440, Maseru, Lesotho ) 

In the SADC region, water resources have been identified as a bmitmg factor to socio- 
economic development The distribution of the resource and its allocation within the 
different sectors of population and the economy are not iclequate. These problems are 
compounded by the threat of recurrent drought and the international nature of me 
most of the watercourses. SADC is committed to regional economic integration. The 
region has identified water as one of the key areas of cooperation by establishing the 
SADC Water Sector. This was former reaffirmed by the adoption of the Protocol on 
Shared Water Systems which lays out a legal and institutional framework for toe 
effective management of shared water resources in the region. The current paper 
outlines the challenges and opportunities facing the SADC region in attaining 
effective management, conservation and development of water resources. Tie 
commitment of the region to regional economic integration and the roh) of water 
resources in the integration process. The paper then summarizes the development of 
the Protocol and how it will contribute to the aspiration of regional economic 
integration. 

PERSPECTIVES ON RIVER BASIN MANAGEMENT 

E. Mwtert 
RBA Centre for Comparative Studies on River Basin Administration, 
Analysis and Management, Delft University of Technology, 
e.mostert@ct.tudelft.nl/Fax: +31 15 2787799 

Effective river basin management is the key to sustainable development. 
Within river basins land and water, surface water and groundwater and 
water quantity and quality water interact in many different ways. To 
prevent overuse and degradation, prudent management is necessary that 
pays due attention to these interrelations. Especially in international river 
basins this poses big problems as the interests of upstream and 
downstream countries often conflict. 
This paper discusses five perspectives on international river basin 
management, called "natural science", "engineering", a "social 
optimization", "law", and "policy". To promote sustainable development, 
actual river basin management and applied research purported to support 
river basin management should integrate the different perspectives. Some 
concrete examples will be given. Fundamental and strategic research 
should recognize not only the possibilities, but also the limitations of their 
approach, and the different (monodisciplinary) approaches should be 
enriched with elements from other approaches. 

EQUITABLE SHARING OF THE WATER RESOURCES OF THE 
ZAMBEZI RIVER BASIN 

MJTumbarc 
Zambezi River Authority, Zambia/Zimbabwe 

Water is a finite resource which is unevenly distributed in time and space and which 
becomes progressively scarce as demand increases for its various competing uses. 

Where the water resources are shared by more than one country, the sharing of mis 
finite resource can become complex and problematic bearing in mind the different 
social, environmental and economic needs of each riparian country, the differing 
country priorities, water pricing policies and economic development levels among 
other differences. 

This paper attempts to analyse how best the riparian states of the Zambezi River 
Basin may arrive at equitably and sustainably sharing the water resources of the 
Zambezi River Basin by proposing adoption of various principles and policies 
which should build on and support the project outputs of the Zambezi River Basin 
Action Plan Project Number. 6 which is currently being implemented for the 
Zambezi River Basin. 

SEASONAL FLTJCTUÄTlONS~OF EVAPORATION FROM A WATER 
BURFACE 

Sßha' Tchijova (Water Problems Institute, Russian Academy of Science«, 
jtfovay» Bttmannays 10, P.O.Box^!, 107078, Russin, e-mail: 
tHJrelnd@dataf6'rce.not) 

Thesolution of a lot of water management problems requires investigation of 
ioJnporal series water-balance components, in particular, evaporation from a 
«iter surface. Probability regularities or evaporation fluctuation are 
Jjuvstthjated using observation data and calculated serie», Tho analysis showed 
tnttinonUu'y evaporation values are characterised by a higher variability that 
annual values, the maximum Cv values (>1) are observed in October. The 
two-parametric gamma-distribution can be recommended as an unconditional 
oMbution for Cv<0.5 and three-parametrfc distribution with Cs=Cv for 
Qv>0.5. the positive correlation is observed between tho succeeding months 
arid the maximum correlation coefficients <RB>0.7) Is noted in the second half 
bf wrniher. Analysis of correlation between evaporation values and between 
theirprobabilities (RP) showed that RP>Rß in 62% or cases. So in the first 
approximation, using a simple Mttrkov chain with correlation between 
«vaporation probabilities is tecoinmchded to describe season fluctuations of 
$yaportion from a water surface. 

TRENDS TO INTERACTIVE WATERMANAGEMENT; 
DEVELOPMENTS IN INTERNATIONAL MANAGEMENT OF RIVER BASINS 

J.A. van Ast 
Erasmus Center for Environmental Studies, Erasmus University of 
Rotterdam, PO Box 1738, 3000 DR ROTTERDAM, tel. +3110 4082050, 
fax +3110 2120834; vanast@mil.fsw.eur.nl 

The Dutch history of water policy shows different phases, in which every 
new historical stage adds new policy objects to the existing ones. This 
century a sectoral interpretation of watermanagement emerged, ft was 
followed by the nowadays generally accepted ideas of "integrated water 
management". A study of new developments in water management 
however, leads to the conclusion that yet another concept appears. 
Referring to the principle that the waterpolicy agencies are in an interactive 
dialogue with watersystem and society system, It can be called 
"interactive water management". The basic elements, like Interaction, 
water system approach, integration and attainability are,ln line with 
several global megatrends and are generally supported by publications with 
global impact on issues of environment and water. Some of the elements 
are already put Into practice, for example in the international river basins 
commissions for the river Rhine or In the USA-Canadian and USA-Mexican 
water commissions. Questions to be answered are which are these basic 
elements, what are the advantages and disadvantages of these new 
developments and what can be said about suitable Institutional 
arrangements? 
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LEAST COST EMISSION REDUCTIONS IN TRANSBOUNDARY 
RIVER BASINS: THE CASE OF DIFFUSE EMISSIONS OF 
NUTRIENTS IN THE RHINE RIVER BASIN 

R, van der Veeren CO 
(1) Institute for Environmental Studies, Vrije Universiteit Amsterdam 
rob. van.der.veeren@ivm.vu.nl/Fax: +31-20-4449553 

In an attempt to improve the ecological conditions of the Rhine, emission 
reduction targets have been set for different substances. For most substances the 
goals have been met. However, nutrient emission reductions are behind 
schedule. 
It may be clear from intuition, and has also often been described in economic 
literature, that a flat reduction rate applied to all emitting sectors, though 
seemingly appealing for equity reasons, may not be cost-effective. 
This paper explores the least cost allocation of nutrient emission reductions for 
the Rhine river basin, analyzing different agricultural sectors and waste water 
treatment plants. Special attention is paid to the regional differences in cost- 
efficiency. 
Results show that the costs of meeting emission reduction targets can be reduced 
,by 30% through a clever allocation of reduction targets. The compensatory 
payments between sectors and regions, required to guarantee a fair distribution 
of costs and thereby cooperation, are estimated. 

THE MANAGEMENT OF EU AND SADC RIVER BASINS COMPARED 

P.vanderZaagandJ 
Netherlands) 

; (THE, P.O. Box 3015,2601 DA Delft, The 

During the conference on The Management of Shared River Basins, held in Maseru, 
Lesotho, in May 1997, five case studies were presented on the management of 
international river basins in Europe and Southern Africa: The Rhine-Meuse, the 
Danube, the Zambezi, the Incomati-Limpopo and the Orange. The management 
characteristics of these river basins are quite diverse: they are situated in entirely 
different climatical zones and support quite different tocio-economical systems. To 
allow comparison, these river basins are assessed against an analytical framework 
which is symbolised by a classical temple which has integrated water resources 
management as the foundation and which rest on three supporting pillars: the 
political environment, the operational capacity and me institutions. In die comparison 
of these river basins interesting similarities and distinctions appear, which may have 
generic value for the management of international river basins elsewhere. 

HSB1 Water resources research 

02 Influence of environmental and 
antropogenic change on flood processes 
(co-sponsored by NH) 

Convener: Blöschl, G. 
Co-Convener: Burlando, P. 

ON FLOOD PROCESSES OF THE INFERIOR SECTOR OF THE DANUBIAN 
RIVER 

Mary-Jeanne Adler, Carmen Buta (National Institute of Meteorology and Hydrology, 
Sos. Bucuresti-Ploiesti 97,71552 Bucuresti, Romania, adler@meteo.mmh.ro) 

In analysing the influence of the antropogenic change on the flood processes of the 
inferior sector of the Danubian River, the general schema of the impact studies was 
used: the generating process of changing was hydraulic structures of the inferior sector 
of the Danube, the direct receptor environment - the of the Danube, the transfer 
characteristics of the flow of water and sediments and of the river bed, the indirect 
changed environment - the delta and the sea coast The hidraulic accounted structures 
are: die Hydroenergetique system Portile de Fier, the The consequences on the flow 
components (water and sediments) was revealed as well as the modification of the 
morphological structures of the river bed. 

THE ROLE OF DESERT FLOODS IN SPREADING POLLUTION ALONG AN 
ALLUVIAL AQUIFER: THE NORTHERN NEGEV DESERT, ISRAEL 

E. M. Adar (1), J. B. LARONE (2) AND P. HATUKAI (2) 
Ben Gurion University of the Negev (1) Blaustein Institute for Dessert Research, and 
Dept. of Geological and Environmental Sciences, (2) Department of Geography and 
Environmental Development 
eilon@bgumail.bgu.ac.0/Fax:+972-7-6596909 

Floods along arid ephemeral streams are considered as the major source of 
groundwater recharge into the shallow alluvial aquifer. The latter, however, is served 
as an intermediate sub-surface storage for deep percolation and recharge into deep 
regional aquifers. Contaminants accumulated in upper basin reaches, may be 
transferred by floods, spread along the riverbed, and may percolate into the shallow 
aquifer. The level of the contamination is controlled by the rate of streambed 
infiltration and by the hydraulic properties of the alluvial sediments. As the level of 
pollution is diluted downstream, the longitudinal flux along the alluvial aquifer and 
mixing with local water control the spatial distribution of the groundwater 
pollution. Antropogenic pollutants and industrial contaminants have accumulated in 
the upper Beer Sheva wash in the Northern Negev desert, Israel. Georaorphic 
structures coupled with multi-variable cluster analyses performed on dissolved 
chemicals and environmental isotopes in the shalbw groundwater were used to 
discretize the alluvial aquifer into hydrological compartments. A multi-cells mixing 
cell model was applied to identify and to quantify sources of recharge, rates of 
streambed infiltration and longitudinal fluxes along the shallow alluvial aquifer. 
Results elaborate on the role of floods in relation to the geomorphic structure in 
transmitting pollution along graveled-bed aquifers. 

FORESTS AND FARMLAND ABANDONED CATCHMENTS: 
A COMPARISON OF FLOOD PROCESSES 

L_AiDiez (1) J.M. Garcfa-Ruiz (2). C. Marti-Bono (2), S. M. While (3), A. Moreno 
(2) and A.P. Bordonaba (2) 
(1) Dept of Geography, University of La Rioja, Logrono, Spain. (2) Instituto 
Piienaico de Ecologia, Campus de Aula Dei, Apartado 202,50080-Zaragoza, Spain. 
(3) School of Engineering, University of Durham, Science Park, Durham DH1 3LE, 
UK 

Flood processes are closely linked not only to the characteristics of rainfall events 
but also to the main features of the catchments (slopes, plant cover, permeability of 
soils). To integrate all these factors, the Pyrenean Institute of Ecology has monitored 
two catchments in the Borau (Loma de Amis catchment) and Afsa (San Salvador) 
Valleys, Central Spanish Pyrenees. Information on precipitation, air temperature, soil 
humidity, sediment transport and discharge has been obtained continuously since 
1995. The purpose of this paper is to study the characteristics of the floods in two 
catchments, one occupied by abandoned fields and another by a dense forest cover. 
The results show die effects of forest recovering on peak flows and on time lag since 
the beginning of the precipitation and also allows to establish seasonal comparisons. 
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A DIGITAL DATA BASE OF CATCHMENT CHA^CTEMSTICS FOR 
ASSESSING ANTHROPOGENIC EFFECTS ON FLOOD PROCESSES 
O. Behr G BlOschl and U. Piock-Ellena (Institut fur Hydraulik, Technische 
Universität Wien, Karlsplatz 13/223, A-1040 Vienna, Austria) 
Regional analyses of flood processes are greatly facilitated by a coherent data set of 
catchment characteristics covering the entire region withsufficient detail. We have 
used the digital data base of Behr (1989) as a first step. This data base covers all of 
Austria (totalling an area of about 90000 km1) and consists of (a) the boundaries of 
20000 natural catchments with a total of 10« nodes and (b) me stream network with 
a total of 7-105 nodes. Both pieces of information have been digitised at a 1:50000 
map scale. As a second step, this data set is being combined with stream gauge 
locations. This gives the boundaries of about 500 gauged catchments. As a third 
step these data are being combined with a digital elevation model of die region and 
with land-use data derived from Thematic Mapper images. This allows us to derive 
topographic characteristics (such as mean slope) and land-use characteristics (such 
as percent forested area) for all catchments in a coherent way. As a fourth step 
regional flood frequency data are now being examined in the light of these 
catchment characteristics. This is done (a) by a downward approach by deriving and 
regionalising statistical relationships between flood frequency characteristics and 
catchment characteristics, and (b) by an upward approach by derived flood 
frequency simulations. The latter analysis makes use of additional data such as 
rainfall and a regime type classification of catchments based on the seasonal 
variability of stream flow. Both approaches will allow us to examine the role of 
land-use and/or climatic forcings in the regional distribution of floods and to analyse 
the potential impact on flood processes of anthropogenic changes in land-use and 
catchment management. Preliminary results of the analyses will be presented. 
Behr O (1989) Digitales Modell des Oberflächenentwässerungssystems von 
Österreich. Technical Report No 11, Institute of Hydraulics, Hydrology and Water 
Resources Management, Technical University of Vienna, 65pp. 

LAND-USE CHANGES INFLUENCING STORM RUNOFF GENERATION 
AND THE POTENTIAL OF DECENTRALIZED FLOOD RETENTION 
MEASURES TO COMPENSATE FOR SUCH CHANGES - A SURVEY 

n KutTenmaier (1), S. Uhlenbrook (2), Ch. Leibundgut (2) and A Bronstert (1) 
(1) Potsdam Institute for Climate Impact Research, Germany, (2) Institute of Hydrol- 
ogy, University Freiburg, Germany 
Daniel.Karzenmaier@pik-r»ts<lam.de / Fax: +49-331-288-2600 

Decentralized flood retention measures are extensive measures reducing and delaying 
storm runoff generation throughout the whole catchment area. A reduction of storm 
runoff generation can be achieved by afforestation, cultivation practices preventing 
overland flow, or structures like hedges or balks subdividing hfflslopes, for instance. 
These measures should be adopted in parts of the catchment with a specifically high 
runoff production rate. In a wider sense, numerous small measures along the channel 
network are called decentralized as well. 
The aim of decentralized flood retention measures is to compensate for anthropogenic 
changes within the catchment. But so far, measurements documenting the impact of 
such measures at different scales are rare. In this contribution, conclusions about their 
potential for runoff reduction are drawn by reviewing studies focussing on the impact 
of urbanisation, «allocation of land, deforestation, or river regulation on runoff gen- 
eration and flood runoff, respectively. This review leads to a qualitative estimation of 
the extent to which the flood response of a catchment can be influenced by human ac- 
tivities. 

HYDROLOGY AND FOREST: A MODELLING APPROACH ON THE 
MONT LOZERE (FRANCE) 

AT   rntmard-Plancn fl ■ V.Marc(1),Y.Travi(1),J.F.Didon-Lescot(2) 
(1) Laboratoire d'Hydrogeologie, University d'Avignon, France, (2) CAGEP, 
CNRS, URA 903, Aix-en-Provence, France 
anne-laure.cognard-plancq@univ-avignon.fr / Fax : 33 4 90 14 44 89 

In the framework of the European project FOREX, the impact of forest and 
silvicultural practices upon extreme flows of rivers is studied on three small 
experimental watersheds located on the southern flank of the Mont Lozere (Massif 
Central, Cevennes, France) and characterised by a mountainous and Mediterranean 
climatic influence. Each watershed is covered by a specific type of vegetation 
(grassland, beech and spruce). A clearfelling has occurred on the spruce watershed 
followed by a slow reforestation. A lumped hydrological model able to simulate the 
soil moisture has been calibrated on the three watersheds by comparing simulated 
runoff with observed data. In order to validate the simulated soil moisture 
evolution, an automatic measurement site has been settled on the two forested 
basins. Difference between parameters values is studied in term of vegetation cover 
influence on hydrological processes. We analyse the parameters values evolution in 
parallel with vegetation cover change on the spruce watershed. The stability of the 
model calibrated parameters is controlled on the two other watersheds where the 
vegetation cover is stable during all the observation period. This modelling 
approach appears useful to quantify the influence of forest on water storage in soils 
and on losses by interception and evapotranspiration,. On the other hand, the forest 
protection against floods, especially against the well known and spectacular 
Cevennol floods, is not clearly demonstrated, in agreement with previous studies. 

ON THE IMPACT OF FLOOD-CONTROL RESERVOIRS ON HY- 
DROLOGIC RISK 

S. Orlandini, L. Dall'Agata and A. Brath 
DISTART, Universitä degli Studi di Bologna, Viale Risorgimento 2, 1-40136 
Bologna, Italy. 
A distributed model of catchment dynamics has been used in order to evaluate 
the impact of flood-control reservoirs on downstream flow propagation under 
variable storming conditions. The catchment model calculates local contribu- 
tions to infiltration excess runoff at each elemental cell by means of a time 
compression approximation water balance model and routes these contribu- 
tions throughout a conceptual drainage network extracted from digital eleva- 
tion model data via a diffusion wave routing model based on the Muskingum- 
Cunge method with variable parameters. Level pool routing is modeled via 
a fourth-order Runge-Kutta routine. The reservoir is described in terms of 
elevation-storage and elevation-discharge curves so that the outflow is calcu- 
lated dynamically during flood events in response to the inflow hydrograph 
from the controlled upstream drainage area. The obtained model is applied 
to the approximately 840-km' Sieve catchment (Central Italian Appennines), 
where the 69 x lO'-m3 multi-purposes Bilancino reservoir controls an upstream 
drainage area of about 150 km'. The impact of the Bilancino reservoir on the 
hydrologic risk for the downstream Sieve catchment is evaluated by comparing 
hydrograph peaks and times to peak at several sections along the catchment 
mainstream, as simulated by the model for the natural (without reservoir) and 
controlled (with reservoir) scenarios. 

RISK OF FLOODING AND PROBABILTTY OF EXTREME 
FLOODS 

L.Oottschairm. M-R. Saellhun (1). L Krasovslaia (2) 
(I) rjepartment of Geophysics. Univenity of Oslo. P.O.Box 1022 
Blindem. Njrj15 Oslo, Norway. (2) Department of Earth Sciences. 
Hydrology. Univenity of Uppsala. Norbyvjgen 1SB. S-73236 Uppsala. 
Sweden. 
Iars.goriKhalk9aeorysiklc.uto.no 

Risk is rhe potential of unwanted consequences from impending events. 
Risk assessment involves the conversion of consequences to a numerical 
loss and an often applied measure of risk is the statistically expected loss 
i.e. the sum of products of the tosses and their corresponding probabilities. 
A common impression of an increase in the risk of flooding thus does not 
automatically imply an increase in the probability of extreme floods. 
Factors creating risk of flooding are analysed on the example of the 
Glomma River (40000km1) in Norway in this perspective. These factors 
can be divided into upstream controls in headwaters and main riven and on 
site characteristics of a floodplain. The influence of individual changes in 
land use' by deforestation etc on floods in headwaten can be studied by 
physical approaches like derived distribution functions. However, these 
approaches at present have limitations when it comes to the upscaling to 
large basins. Synchroniciry in time of floods in headwaten significantly 
effects the character of the downstream flooding. Empirical scaling 
relationships of floods with different return periods offer a better tool for 
analysing this synchroniciry and also the effect of regulation in the main 
river system. The on site characteristics of a floodplain are of importance 
for both the probability of flooding and rhe cost of damage by the flooding. 
These characteristics include the channel properties as expressed by a «age 
discharge curve, the topography of the floodplain including artificial levees 
and embankments and the degree of economic exploitation. The 
contribution of the latter factor is constandy increasing causing an 
increasing risk of flooding. 

FLOW ROUTING IN LARGE RIVER BASINS 

Scott D. Peckham (US Geological Survey, Water Resources Div., 3215 Ma- 
rine Street, Boulder, CO, USA 80303-1066; ph. 1-303-541-3041; e-mail: peck- 
ham@usgs.gov) 

Due to recent advances in several areas, it now appears feasible to predict 
discharges of water and suspended sediment at all locations in a river basin, 
given sufficiently-accurate topographic data for the basin and a sequence of 
remotely-sensed or model-derived rain field snapshots. A robust solution to 
this problem requires the ability to successfully perform the following tasks: 
(1) fast and reliable extraction of river network flow lines from available digital 
elevation data (which may not be "hydrologically sound"), (2) a complete, 
physically-based theory of downstream hydraulic geometry (which can be used 
in conjunction with existing gauging station data to self-consistently assign 
values to regions in the basin for which data is not available), (3) a robust 
and tested method for parameterizing flow resistance in a complex setting, 
and (4) a vertically-integrated numerical flow model in two space dimensions. 
Substantial recent progress in each of these areas will be explained, and some of 
the computational challenges of generating real-time forecasts with short lead 
times will be discussed. 
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The HYDRA march proframme hu been established to esamine die hvpothesis 
that die sum ofill human impacts in the form of Und me. m|ulation. flood 
protection elc.. may have Inmted the risk of Boods. The gain objective! b to 
attend our knowlcdfc of the connection between mini resources and human 
Impact In the watercourse and rhrouthout the ciKhmeM on the one hand, end floodi 
and flood damaje on the other. The protrarnirie shall propose measure« to prevent 
darnaflaf floods, and to reduce Rood damage in a con effective and environrnental 
optimal manner. The projnmm« was established by the Norwegian Water 
Resources and Energy Administration in early 1994. and will terminate in 1999. The 
cost of the pntjrarnme is NOK 17-11 million with 47 partkipanine scientists from 
l*outl5N<»v^ruiin^iiui<)f^Tr«koderofih.propviv™Ui>rofciiorAn)<>r 
Njas. 

The scientific work is performed by a number of project froups: H- 
"NaninJ resource« and land use". T-"Urban areas", r-Tlood reduction, flood 
protection and flood mautement", R - "Risk analysis" and Ml - "Environrnental 
consequences of floods and flood prevention measures". The Kientific work is 
tupported by the D-"Oatahases and CIS" froup and the Mo - "Moifellin« froup". 
The N-troup is studyhtf the effects on floods of feotofy. soils, forest coverarje and 
in small catchments and. The T-rjroup is studyinf the impact or floods on the urban 
areas whhia the Clomma basin. The Fjroup has completed a sudy on historical 
floods, and studyine the effects on floods of hydropower regulation, cottstrucdnf 
flood protection works, and the uncertainty of the forccan. The R-pouri conducu I 
r«idyoomk«orn<)od(lamponhoui<isnd1|riajllurilioili. a«dü developing 
raethods for flood zone uiappiai. The Mi-group is studyin| environmental 
consequences of various measures to reduce flood daman and wUI propose how 
environmental consequences could be included in the plunrng or such measures. 
The Mo-group b) developinj and lestin| a general mocklm study and «ueuify the 
iblal effect of human iMerfrtences in the watercourse art drainage basin. 

The carry phase of the rnxigramme has consisted ia camrriltng data suitable 
lo testing the original hypothesis. The paper will present some early resuhs of the 
analyses, which will he completed by the end of I99S by the various scientific 
project groups. The final modelling will be completed in the first pen of 1999. 

Dynamic model of the non-ontletted reservoir (DMNOR) and prognosis Its 
level of change. 

D. Sadvkov. I. Lcvrfienfco Abay University. O. Turköv, KCS,Aimaty, Republic of 
Kazakstan. 

It's known 6« that processes happen in the stratums between cores of the Sun and 
the Earth, which influence the level of the non-outletted reservoir (LNOR).However, 
for all those catastrophic situations there rise produce in the dynamic of reserved 
lakes. The helio&ctors regulate the LNOR through climate, atmosphere, hydrosphere 
and lithosphere. The connection are watched with the change the parameters of the 
Sun. The change of the speed of the Earth's rotation leads to endogenic processes 
and the deformation processes (DP) in the crust. Dislocation of the rotation of the 
Earth's axis leads to same situation. In the DMNOR, the DP are regulated with the 
absolute level of the undeground hydrosphere. Antropogenic factors play a srecific 
role in DMNOR It's possible to take into consideration the influence of 
antropogenic factors, as global wanning occurs. Hence it follows that DMNOR 
consist of an established connections of systems: «the LNOR - Sun's activity», by the 
temperatures and dynamically parameters of the heliosphere. «The LNOR - DP of 
the Earth», by the Earth's rotational regime. On the example of the dynamic of the 
level of the Caspian Sea, connections are established in the different systems. The 
22-90 year cycles are observed in the trend changes. DMNOR is made up of global, 
regional and the technical change in many stratums between the Sun and the Earth.' 
And real rise it fell of the water level needs to be of monitored in stratums between 
the Sun and the Earth. 

MODELLING CLIMATE AND MAN-INDUCED EFFECTS FOR 
FLOOD RISK ASSESSMENTS: OPEN PROBLEMS AND 
RESEARCH PERSPECTIVES 

R. Rosso (DIIAR and CIRITA, Politecnico di Milano, P.za Leonardo da 
Vinci, 32, 1-20133 Milano MI Italy, Tel. +39-2-23996295; Fax: +39-2- 
23996207; e-mail: rr@idral.iar.polimi.it) 

In this decade the repeated flood disasters that occurred in urban areas of 
Europe with high damage and loss of human lives have emphasized climate 
and man-induced effects on floods as a fundamental research commitment 
with major implications in both hydrological science and engineering. 
Current flood risk analysis methods require to be improved to account for 
these effects, and some of deterministic and stochastic models presently 
used for prediction of design floods must be revised under this view. New 
insights and benefits could be obtained from the increase of knowledge on 
hydrological processes that has been achieved in the past two decades 
resulting in the improvement of the physical basis of hydrological models 
However, a number of problems and difficulties still remain unsolved when 
using physically based models to approach the assessment of flood risk and 
the design of engineering works under the impact of climate and human 
activities. Some examples are presented and discussed addressing open 
scientific issues that might be properly investigated by jointly considering 
the scientific advances and the engineering requirements of flood related 
problems. 

DETECTION OF CYCLICAL OSCILLATIONS OF TEMPORAL SERTfi. 
OF WATER FLOH AND CONCENTRATION OF NUTRIENT MATTERS 
IN WATERS OF THE DNEPR RIVER BASIN 

SSN1ZHKO (Tarns Shevchenko Kiev University, Vasylkivska st. 90,252022 
Klev.Ukralnc 

By mein« of a method of sliding average, research of temporal series of water 
flou and concentration of nutrient mailers of 23 rivers of the Dnepr river basin 
was made during the long-term period of 1945-1990. 
The analysis of the graphs of values of water flou has proved the presence of cyc- 
lical oscillations of average annual water flou wich are seen in sequential alterna- 
tion of phase» of fall and rise, i.e. Wand high water phases (terms). During 
ilhe mentioned period of time it is possible to select 2 full cycles of change of the 
water flou: 1) 1956-59 • 1969-71; 2) 1971 • 1981. 
The cycles with such periods of passing and duration, respectively 12-16 and 11 
years respectively, are characteristic of majority of the rivers of (he basin. Is de- 

lected as of concentration of nutrient matters (N02", NO,", rvV-) cyclical ostll- 
lalloru. It I* discovered that phases of magnification and diminution of concentra- 
tion of substances and somllir phases of water flou are simultaneous. A conclu- 
sion about possible cyclical character of the processes of anthropogenic eulrophi- 
cation of surface water Is made. 

HSB7 Water Resource Research 

03 Remote sensing and GIS in Hydrology 

PROBLEMS   AT   SOIL   BORNE   REMOTE   SENSING   USE   UNDER 
HUNGARIAN CHANGEABLE WEATHER 

A. Anda 
Dept of Water Management, Pannon Agricultural University, Keszthely, Hunearv 
h5536and@ella.hu , ■ '        ^ 

Investigations on possible use of Dt technique for irrigation timing under different 
growing season's weather were carried out at Keszthely, Hungary. To test validation 
of canopy temperature based crop water stress index (CWSI) concept three watering 
levels were applied: rainfed conditions, lysimeters, /or traditional irrigation timing 
(available soil moisture content), and irrigation scheduling according to the limit 
level of CWSI. In arid summers the application of canopy temperature -on assessing 
actual plant-water status- served the same results as usage of traditional irrigation 
timing methods. The only difference was decreased amount of applied irrigation 
water. During humid summers, increased amount of rainfall was associated with 
other changes in meteorological elements: frequency of days with wind events grew 
significantly together with relative humidity content of the air. As a result of 
convective heating the basis of CWSI, the canopy temperature decreased drastically, 
independentely on existing plant-water relation. Analysing the influence of 
convective heating on canopy temperature their relation has to be taken into account 
when wind speed exceeds 1-2 m/sec above the canopies. The second problem in 
humid seasons is narrowing of applied parts of the „baselines" resulting from 
decrease of the air vapor pressure deficit These changes paid our attention on 
careful handling of remote sensing data (CWSI) when humid growing seasons exist. 
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A UNIFIED RAINFALL CLIMATOLOGY OF THE MEDITERRANEAN 
OBTAINED BY SATELLITE AND SURFACE DATA 

B.C. Barrett, M. Beaumont. M.C. Todd, PA. Brown, MJ. Tabemer (Centre for 
Remote Sensing, University of Bristol, Bristol BS8 JSS, UK) 
P. La Barbera, L G. Lanza (Hydraulic Institute, University of Geneva, 1 
Montallegro. 16145 Genova, Italy). 

Rainfall climatologies of the Mediterranean suffer from the lack of information 
as in many other regions of the world. The availability of rainfall estimates over 
the sea areas, as obtained by suitable inteipretation of passive microwave 
imagery, provides new perspectives in the analysis of rainfall climatology and a 
chance to attain a much more in-depth investigation of the processes involved 
than has been possible hitherto by means of traditional rainfall monitoring over 
the land areas alone. The EU-ACROSS project was developed under the 
framework of the DGXII-AVICENNE Initiative by a consortium of Universities 
and Research Bodies from Italy, UK, Turkey, Jordan and Syria, with the aim of 
producing a unified climatology of rainfall over the Mediterranean region, 
remotely sensed over sea and ground observed over land. An overview of the 
project results is provided in this paper with particular reference to the 
integration process of the two main sources of data, together with some 
discussion of the results in terms of the rain and rain frequency differences that 
were encountered between the ground based and remotely sensed data sets. 
Interpretation of these differences are sought in terms of the typical 
geomorphological and climatological features of the Mediterranean. 

THE USE OF A NATIONAL GIS DATABASE FOR SOIL 
EROSION MODELLING IN THE U.K. USING A MINIMUM 
INFORMATION REQUIREMENT APPROACH 

R.E.BrazieA J.S.Rowan' and P.Quinn2. 
1: Institute of Environmental Science, University of Lancaster, Lancaster. 
2: ADAS Research and Development, Wergs Rd. Wolverhampton. 

The need for accurate and widely applicable data pertaining to the national soil erosion 
picture in the UK is recognised. At the policy scale, guidance is required to aid 
decision making and prevent the long-term loss of topsoil which is often overlooked 
by the individual farmer in the short-term. A national database has been compiled 
within GIS ARCVIEW containing all the relevant data to model soil erosion on both 
UK farmland and upland areas. Parameters required by the soil erosion model WEPP 
(Water Erosion Prediction Project) are derived through the ARCVIEW database to run 
a Minimum Information Requirement version of the model, at the national scale. 
ARCVIEW is used to visualise potential areas of topsoil degradation and erosion, due 
to possible future climatic scenarios, management practices or hydrological regimes. 
This work is part of an attempt to further the use of GIS in tandem with state of the art 
hydrological modelling techniques. 

Determination of runoff parameters in northern Algeria using remote sensing 
data and GIS 

S. Belz (1), T. Vogt (2), L. Beldjoudi 
(1) IbistitrtfuerWasserwiitscriaftuiKlKulturteclii^ 
(2) CNRS/Universitf Louis Pasteur Unit« Geographie Pyhsique Strasbourg 
(3) Algerian   Hydraulic   Resource   Administration   (Agence   Nationale   des 

Ressources Hydrauliques, ANRH), Avenue Bir Monrad Rais AJger 

This paper describes the possibility of using remote sensing data in order to obtain 
the information necessary to apply a hydrological runoff model. Remote sensing 
techniques have rapidly developed these last years and offer a practicable way of 
limiting ground work to previously identified classes with die same physical 
properties. The established classification does not correspond to an usual 
pedological soil map but does reflect the physical soil properties, which influence 
the infiltration patterns (or runoff generation). Furthermore it is possible to obtain 
information about the antecedent soil moisture distribution by applying a principle 
component analysis to die satellite images. These detailed information is coherent 
for the whole coverage of the satellite image which allows the modelling of even 
large basins in a detailed way. No traditional field method is capable of furnishing a 
similar amount of detailed simultaneous data. 
This modelling technique was used within a project of the Algerian-German 
technical co-operation dealing with the introduction of new technologies to the 
Algerian Hydraulic Resources Administration. On an example in Northern Algeria 
the application of this combined modelling technique is shown. 

DERIVING PEDO-HYDROLOGICAL CHARACTERISTICS OF A 
HUMID, TROPICAL CATCHMENT (SOUTH EASTERN 
NIGERIA) BY SOIL-LANDSCAPE MODELLING 

Paul Campling. Anne Gobin, Jozef Deckers and Jan Feyen (Institute 
for Land and Water Management, Katholieke Universiteit Leuven, 
Belgium) 
E-Mail: Paul.Campling@agr.kuleuven.ac.be 

This paper outlines the strategy deployed for deriving the pedo- 
hydrological characteristics of a case-study (500 km2) humid, tropical 
catchment in south eastern Nigeria. The starting point for this 
research was the availability of a dated (1961) but good quality 
1:50,000 topographic map; the aerial photographs (not equally well 
preserved) used to make the topographic maps; and a geological map 
(1:250000). The contour lines of the topographic map were digitised, 
and use was made of the TIN module of ARC/INFO to interpolate the 
contours, and then set up a gridded DTM. The geological boundary 
units were digitised and overlayed onto the DTM, to stratify the area 
according to parent material. By adopting the hypothesis that soil 
toposequences develop in response to the way water moves through 
and over the landscape, soil pedons were surveyed and sampled along 
representative transects. Statistical models were developed using the 
relationships between terrain attributes and soil attributes, to predict 
spatial patterns of pedo-hydrological characteristics across the area. 

ESTIMATION OF TRANSPIRATION FROM SPARSE VEGETATION 

E. Boegh (1) and H. Soegaard (1) 
(1) Institute of Geography, University of Copenhagen, Denmark. 
evb@geogr.ku.dk/Fax: +45-3532-2501 

In the Sahel, water availability is occasionally low causing the transpiration rate, or 
the stomatal conductance, to be an important parpameter in crop growth modelling. 
In this region, the vegetation cover is furthermore very sparse and the signals recorded 
by the satellites depict the conditions from both the soil and the vegetation. Often, the 
soil evaporation is inhibited by low hydraulic conductivity in the top soil layer, 
whereas the leaf transpiration rate may be high stressing the need for a two-source 
analysis approach. It is shown that the relationship between surface temperature (Ts) 
and vegetation index (VI) estimated on basis of high resolution satellite data is useful 
for evaluation of the separate temperatures of soil and vegetation. The processes 
controlling the canopy fluxes vary as symbolized by the Si coefficient (Jarvis & 
McNaughton 1986), which can be related to 8Ts/8VI. Three typical Sahelian surface 
types characterize the study area; a) tiger bush, b) savannah bushes and c) millet fields. 
The fi factor is typically high for millet indicating low stomatal control, while the two 
other dominating surface types are characterized by low Ci. For millet, an important 
energy source is provided by a sensible heat influx to the leaves causing transpiration 
to be linearly related to LAI times the vapour pressure difference between the leaf 
surface and the bulk air. Therefore, millet transpiration can be estimated on basis of 
satellite data knowing only the atmospheric vapour pressure. The transpiration from 
the bushed areas is discussed on basis of the spectral signatures on 3 days. 

LANDSAT TM AS A TOOL FOR MAPPING THE LAND COVER 
OF A HUMID TROPICAL CATCHMENT 

Paul Campling. Anne Gobin, Herman Eerens and Jan Feyen (Institute 
for Land and Water Management, Katholieke Universiteit Leuven, 
Belgium) 

This poster outlines the method adopted for mapping the land cover 
characteristics of a case-study (500 km2) humid, tropical catchment in 
south eastern Nigeria. An unsupervised and a supervised classification 
is carried out to obtain land cover classes for the area. Ground frothing 
and detailed aerial photographs (1:6000) of a small section of the 
catchment are used to improve the catchment wide classification 
scheme, which can be used to map effective rainfall as an input for 
distributed hydrological modelling. B 
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WATER RESOURCES OF THE RUSSIAN ARCTIC ONSHORES (RIVER 
MOUTHS AND PERMAFROST): EXPERIENCE OF X,L,P,VHF 
SAR-DIAGNOSTIC. 

VJ.Chernook (Polar Research Institute of marine Fisheries and Oceanography, 
Murmansk); V.V. Melentyev (Nansen International Environmental and remote 
Sensing Center, StPetersburg); V.A. Plushyev, EA. Vostrov (Scintific Production 
Assotiation ~Vega-M~, Mosscow); M.A. Shubina (Research Institut of Remote 
Sensing Methods for Geology, StPetersburg). 

X,L radar systems apply for the coastal zones observing successfully (Alomaz,Seasat, 
ERS projects). L,P,and VHF bands have been added to X band provide thematic 
decoding frontal zones, mezoscale whirlwinds (eddies), mouth river water lines, 
shallow lines and others. There are multifrequency aircraft (Tupolev 134) radar 
technical values and some X-.L-J'-.VHF-images of Barents and White Seas coastal in 
presentation. Examples of SAR water catchment imagesand permafrost patches on the 
water catchment are demonstrate. 

ON THE USE OF MULTISENSOR DATA FOR RECONSTRUCTION OF 
THE RAINFALL FIELD AT DIFFERENT SCALES 
P. Fiorucci. R. Minciardi (Dep. Of Communication, Computer ana System Sciences, 
University of Geneva, 13 Opera Pia, 16145 Genova, Italy) 
La Barbera, L G. Lanza (Hydraulics Institute, University of Genova, 1 Montallegro, 
16145 Genova, Italy) 

Wide use of the available remote sensing devices has been made in recent years in 
order to increase the actual reliability of rainfall predictions to be used in flood 
forecasting applications. Various satellite sensors and radar devices are often 
integrated with traditional rain gauge networks so as to obtain cross-fertilised 
estimates of the observed rainfall fields. Quite relevant problems of scale are 
involved in this exercise (and seldom investigated) though validation of rainfall data 
obtained as an average value at some spatial and temporal scales is yet performed by 
means of point values obtained at the gauge site. The use of multisensor data 
requires that suitable algorithms are developed to produce data at coherent space and 
time scales. In this paper data from the Meteosat geostationary platform are used, 
together with traditional rain gauges, for reconstruction of the rainfall field at 
different scales on the Italian territory. Quantitative and qualitative information is 
used and a suitable methodology is proposed for data integration. The objective is 
that of reading the large scale field structure from satellite data, while calibration of 
the numerical syntheses at small scales is obtained by ground based sensors. The 
predictive content of remote sensing is therefore transferred at the ground so as to 
forecast the small scale evolution of the field, where the resolution scales must be 
coherent with the needs of the hydrological modelling of the ground effects. 

ASSESSMENT  OF  SOIL  HUMIDITY  AND  SEDIMENT 
SOURCES IN SMALL CATCHMENTS USING CIS 

M£i£raa 0), C. Gonzalez (1), J.M. Garcfa-Ruiz (1) and S. M. White (2) 
(1) Instituto Pirenaico de Ecologfa, Campus de Aula Dei, Apartado 202, 50080- 
Zaragoza, Spain. (2) School of Engineering, University of Durham, Science Park. 
Durham DH13LE.UK 

avo.mizar.csic.es 

One of the most important purposes of the soil erosion studies is to identify sediment 
sources in order to decide the most adequate strategies for land reclamation. The 
eroded areas can occupy most of a catchment, but the really sediment contributing 
areas may be small surfaces. The problem is how to detect easily these contributing 
areas in catchments of hundreds or thousands of hectares. One possible way is to 
work initially with small catchments in wich detailed studies on sediment sources 
and soil humidity are coupled with topography. For that, geomorphological mapping 
(including soil erosion processes and mass movements) and periodical control of soil 
humidity is needed. The results can be managed with a GIS, allowing a 
generalization, in probabilistic terms, to larger areas. 

DISTRIBUTED MODELLING USING DIFFERENT ROUTING 
ALGORITHMS AND VALIDATION AGAINST REMOTELY SENSED DATA 

Martin Hessling, Division of Geoinformatics, KTH 
Division of Geoinformatics, Royal Institute of Technology, S-100 44 Stockholm, 
Sweden, e-mail martinh@geomatics.kth.se / fax +46-8-790 73 43 

The study presents a distributed hydrological model closely coupled to a GIS data I 
base. The hydrological model PHASE was built for highlighting the reciprocity 
between vegetation and the water cycle by using remotely sensed data as input. The 
basic idea behind the model is that vegetation and its products function like a sponge. 
With a large capacity of holding and actively controlling water when in a good (moist) 
condition, and with a severely lowered control capacity when dried out or absent The 
semi-distributed version of the model has shown robustness when transferred between 
different catchments in the same region. The early version did not handle partial 
contributing area flow or other distributed processes. In this paper different routing 
algorithms for fully distributed modelling are compared and related to distributed data 
sets of wetness and vegetation indices. 

CALCULATION OF P.E.T. IN SPAIN USING GEOGRAPHICAL 
INFORMATION SYSTEMS 

Teodora Estrela & Javier Alvarez 
Centra de Estudios HidrogrSficos del CEDEX / Fax:+34-1-3357922 
Teodoro.Estrela@cedex.es & JavierAlvarez@cedex.es 

The aim of the study that is presented, is to make the most of the applicability of both 
Thomthwaite's Method and the Penmann - Monteith Method. The former only requires 
knowledge of a small number of variables, latitude and average temperatures, which 
are easy to calculate and process in geographical information layers. The latter, is a 
more reliable method, because it takes into consideration more factors that play a part 
in the process. However, information regarding these other factors, is only recorded at 
a limited number of stations, about 100 in Spain. If both methods are applied in those 
stations with such complete data, it is possible to obtain a series of corrective factors 
that can be regionalised using the tools available in the G.I.S. Thomthwaite's Method 
can then be applied with the aid of the tools available in the G.I.S., and the PET results 
can be corrected through use of the above-mentioned corrective factor, making use of 
the information concerning temperatures, recorded at approximately 1,000 stations. 
The final result, is the average PET according to a Thomthwaite Method modified by 
the Penman - Monteith Method. The procedure has been completed by applying an 
experimental factor, which represents the influence of the vegetation cover in the PET 
calculations, which is obtained from an analysis of balances in the basins. 

TEMPORAL   SERIES   OF   AVHRR-NDVI   IMAGERY   OF 
IBERIA: HYDROLOGICAL SIGNIFICATE. 

A.LQBP 

Institut de Ciencies de la Terra "Jaumc Almera" (CSTC) Sole" Sabaris, 
s/n, 08028-Barcelona, Spain. 

alobo9ija.csic.es/Fax: +34 3 411 00 12 

Previous results have shown that temporal series of AVHRR-NDVT 
images can be used to provide a hierarchical partition of Iberia that is in 
accordance with its bioclimatic division. 
Multi-temporal NDVT centroids can be interpreted  in terms of 
temperature and water availability, with Atlantic vegetation peaking in 
Summer and Mediterranean vegetation peaking in early Spring because 
soil water depletion. 
1 further analyze Ihese multi-temporal centroids in terms of temperature 
and water availability using soil water budget models based on climate 
data and soil information. 
Finally, I discuss the use of remote sensing data ffor regional 
hydrological studies and for up-scaling fine resolution field data. 
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ESTIMATING    HYDROLOGICAL    PARAMETERS    WITH    MULTI- 
FREQUENCY SAR DATA 

G. Macelloni. S. Paloscia, P. Pampaloni and S. Sigismondi 
IROE-CNR, Firenze, Italy 
fax: +39 55 4235290, e-mail: microrad@iroe.fi.cnr.it 

This paper presents an overview of the results obtained from different SAR missions 
on various test-sites (MAC- 91, SIR-C/X-SAR in 1994, ERS-I and JERS-1 in Italy, 
EMISAR in 1994 and 1995 in Sweden). Since SAR images were collected in different 
seasons, from spring to fall, a wide range of soil moisture and cover conditions was 
investigated. The measured quantities were the full polarimetric features at L- and C- 
bands and the backscattering coefficient o° at W polarization at X band. The 
sensitivity of backscattering to surface roughness and soil moisture has been evaluated 
and compared with theoretical simulations. It has been found a fairly good correlation 
of backscattering to soil moisture of bare or scarcely vegetated fields both at L- and 
C-bands and 6 = 23°-26° where the influence of surface roughness and vegetation 
cover is minimized. However, the quality of SAR images at 8 close to the nadir is 
affected by a relatively poor spatial resolution which makes it difficult the exact 
identification of field borders. The correlation appreciably increases up to 90% if soil 
moisture is estimated, in different times, on the same area including many fields. The 
measurements indicate that the effect of surface roughness on backscattering is 
appreciable at all frequencies and polarizations taken into considerations. The highest 
correlation to the height standard deviation of the surface was found at L-band 6-35°. 

CIS OF WATER OBJECTS OF KARELIAN ISTHMUS (NORTH- 
WEST OF RUSSIA) 

V.RUMYANTSEV, S.GRIBIN, M.BALACHEVTSEV 
Institute for Lake Research, Russian Academy of Sciences, 
RUSSIA   E-mail:asv@lakeJpbJU 

The base of da(es was created for the first time for more than 300 lakes of 
Karelian Isthmus. AH die morphometrical characteristics and bathimetrical maps of lakes 
are include in it. New dependence between me morphometrical characteristics for lakes 
of different types of origin were got. On the base of this information and targe-scale maps 
the GIS for the Karelian Isthmus was created. GIS consists of all the information for 
morphometry of lakes and its watershed, the outflow of rivers and levels of lakes, for 
outflow of base lakes-rivers system VuctisL and also, for literature which belongs to the 
water object GIS - is a multilevel system of maps and tables which are giving all the 
information on marked object (lake, river). GIS is constantly improving of mfbrmation 
and by the present moment it includes the quantity of dates, which is represented in the 
table 
lakes with foil 
dates        on 
morphometry 

lakes      with 
particle dates 
on 
morphometry 

lakes      with 
dates        of 
thernucs 

lakes      with 
dates of levels 

rivers rivers     with 
dates        of 
outflow 

>300 >1500 >20 9 >I500 15 
GIS will be used for creation of models of flow and carrying and 

transformation admixture in water ecosystem and also for quick and comfortable 
representing of the necessary dates on water objects of Karelian Isthmus. 

LAKE LADOGA DATA BASE:  A NEW VIEW ON THERMAL 
PROCESSES  REPRESENTATION AND  GENERALISATION 

M.Naumenko, S.Karetnikov, V.Gusivaty 
Institute for Lake Research, Russian Academy of Sciences, 
RUSSIA E-mail:naumenko@lake.spb.su 

Recognition and understanding of the characteristics of the 
temperature regime of a lake are key to successful 
interpretation of information on its physics, chemistry and 
biology. For the largest European Lake Ladoga ( area 17800 
sq.km, mean depth 47 m.) the database is firstly created. It 
includes the field measurements of water thermal characteristic 
and meteorological parameters for period from 1898 to 1997 years. 
Total data density equals about 110 points per cu. km. Various 
statistics were calculated for different seasons, regions and depths. 
It has shown there are a considerable temperature differences up to 
50 m depth. The model of spring thermal zone movement is 
developed on the basis of the database and has verified using of 
the satellite IR-information. The portion of nonseasonal 
temperature variability in total dispersion has been estimated by 
the polynomial approximation. 

THE USE OF MULTI-LAYER REMOTELY SENSED DATA FOR 
ESTIMATING SURFACE HEAT FLUXES 

T. Schmupqe and W.P. Kustas 
USDA Hydrology Lab, Beltsvllle, MD 20705, USA 
schmugge@hydrolab.arsusda.gov / FAX: 1 -301-504-8931 

Remotely sensed data were used to estimate surface heat fluxes in the 
Monsoon 90 experiment conducted in southern Arizona In 1990. Landsat 
TM data were used to map the variations in surface land use and 
vegetation cover. These data were used in a two-source model with 
remotely sensed surface temperatures from an aircraft platform to the 
determine the fluxes. The two-source model treats the fluxes from the soil 
and canopy separately. The land use information and vegetation indices 
were used to estimate parameters in the model e.g. fractional vegetation 
cover was estimated from the vegetation indices. In addition 
measurements of the surface air temperature and wind speed were 
required. This approach was applied to surface temperature images for 3 
days in early August 1990 (1,4 and 9). The conditions ranged from very on 
August 1 to very wet on August 4 after up to 50 mm of rain fell on the 
watershed. The agreement with the ground flux measurements is 
reasonably good and better than that obtained using a single source model 
with a constant transfer coefficient over the watershed. 

THE HYDALP PROJECT; TOWARDS OPERATIONAL REMOTE 
SENSING APPLICATIONS IN SNOW HYDROLOGY 

H. Rott (1), M. Baumgartner (2), R. Ferguson (3), B. Johansson (4), T. Nagler (1), 
O. Pirker (5), S. Quegan (3), G. Wright (6) 
(1) Institut fuer Meteorologie und Geophysik, Univ. Innsbruck, Innrain 52, A-6020 
Innsbruck, Austria; Helmut.Rott@uibk.ac.at; fax: +43 512 507 2924 
(2) Geographisches Institut, Univ. Bern, Switzerland 
(3) SCEOS, The University of Sheffield, UK 
(4) Swedish Meteorological and Hydrological Inst. (SMffl), Norrkoeping, Sweden 
(5) Oesterr. Elektrizitaetswirtschafts AG, Wien, Austria 
(6) Macaulay Land Use Research Institute, Aberdeen, UK 

HYDALP (Hydrology of Alpine and High Latitude Basins) is a project of the Centre 
for Earth Observation (CEO) Programme which is part of the Climate and 
Environment Programme of the EC. The project aims at the application of EO data 
in synergy with conventional data to improve the modelling and forecasting of daily 
runoff in alpine and high latitude basins. Test basins are located in the Austrian and 
Swiss Alps, in Scotland, and in Northern Sweden. Automatic and semi-automatic 
methods have been developed to derive digital snow maps from Synthetic Aperture 
Radar (SAR) and optical data. The runoff calculations are based on the hydrological 
models SRM (Snowmelt Runoff Model of Rango and Martinec) and HBV of SMHI. 
An integrated system for efficient use of the remote sensing products in the models is 
under development. Preliminary results of runoff simulations in the Austrian basin 
are promising. In 1999 pre-operational tests are planned to investigate the usefulness 
and cost-effectiveness of the remote sensing information for daily runoff forecasts. 

REMOTE SENSING TECHNIQUES FOR DETERMINING THE 
REGIONALLY VARIABLE CHARACTERISTICS OF DRAINAGE BASINS 

Gheorghe Stancalie, Corina Alecu, Simona Catana, Mariana Anghelescu 
Inst.of Met. & Hydrol., Romania Remote Sensing Lab, National Institute of 
Meteorology & Hydrology, Romania e-mail: george@meteo.inmh.ro 

The image data obtained by means of aerial photographs or from satellites records 
proved to be valuable information sources for the analysis of the factors characterizing 
spatial variability, that influence and condition the water runoff in a dainage basin. The 
paper presents the methods used for the determination of the characteristics of the 
basins on local and regional scale. The established unit was the "facet" defined as a 
relief element, homogenous from the standpoint of factors acting upon the water 
runoff. The transition from the local to the regional scale may be achived by succesive 
integration of "facets" in elementary drainage basins. The storage and handling of data 
on the characteristic features of the "facets" in a drainage basin were based on a G.I.S. 
principle. In order to understand the hydrological processes occuring in drainage 
basins, it is necessary to have knowledge of the space-time variability of factors that 
influence water flow. By providing the user with image data (with local, regional or 
global covering) remote sensors contribute to a comprehensive understanding of 
hydrological processes taking place in drainage basins and to the transition from point 
to areal as well. The paper presents the methods and procedures developed by the 
Remote Sensing Team in the Institute of Meteorology and Hydrology, Romania, for 
the purpose of determining the spatially variable factors influencing and conditioning 
water flow. 

B 
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COMBINING SATELLITE, GROUND-BASED AND ASSIMILATED DATA 
FOR ESTIMATING REGIONAL LAND SURFACE EVAPORATION 

Denis TROUFLEAU. Henrik SlGAARD 
Institute of Geography, University of Copenhagen, Denmark 

Within an European project on land-use and climate interactions in the Sahel, we aim 
at mapping regional evapotranspiration (ET) over several years at typical mesoscale 
resolutions (e.g. weekly, OS:j). Recognising that ET is regulated by both the climatic 
environment (incoming radiation, wind speed, air temperature, saturation deficit) and 
the surface properties (albedo, LAI, roughness, water status), it is necessary to review 
the existing datasets that can potentially resolve the spatial and temporal variability of 
these controlling variables, We have first evaluated the available satellite observations 
which generally provide a good spatial and temporal sampling of the surface or 
atmospheric state over the past one or two decades. Despite various calibration, 
correction and inversion issues, it has been possible to derive such key variables as 
LAI, roughness (AVHRR Pathfinder) or incoming radiation (ERBE and ISCCP data). 
Some complementary data have then been evaluated, particularly synoptic scale 
ground-based datasets (air temperature, precipitation, river discharge) and AGCM 
■«analysis. They extend back to the pre-satellite period but suffers from sampling or 
modelling issues which often limit their use to coarse resolutions through e.g. 
climatologies. The relevance and accuracy of each source of information is discussed 
(intercomparison, HAPEX-Sahel data) and the promising combination of these data is 
illustrated through the derivation of climatological indices (potential ET) and through 
the guidance they provide.to refine evapotranspiration algorithms (simplified 
relationship, Bouchet-Morton approach). 

RESULTS OF THE GIS BASED CONCEPTUAL HYDROLOGIC MODEL 
ARC-EGMO IN COMPARISON WITH THE GRID BASED FULLY DIS- 
TRIBUTED DETERMINISTIC HYDROLOGIC MODEL MIKE-SHE 

M. Weyehenkel. Institute for Landscape Modelling, ZALF e.V. 
J.Steidl, Institute of Hydrology, ZALF e.V. 

There exist a lot of different complex computer models for hydrogical catchment 
simulation. In this study the results of simulating water balance components like 
infiltration, soil moisture, evapotranspiration, groundwater outflow and total run off 
obtained on the one hand from the GIS based, conceptual model Arc-Egmo and on 
the other hand from the GRID based, deterministic hydrologic catchment model 
MIKE-SHE are compared. The data base for the simulations consists weather data 
and hydrologic data for a a 3 years period as well as a GIS-data base. The recorded 
weather data includes daily values of precipitation, air temperature, moisture deficit of 
air, global radiation and wind speed. The total run off were measured on daily basis 
at the catchment outlet The catchment area was about 224 km1. The digital data base 
stored in the GIS includes landuse obtained from Landsat-TM satellite imagery 
classification, soil types, groundwater layers, groundwater levels, river network and 
a digital elevation model with a grid length of 50m. In the study some remarks are 
given about the different levels of effort to derive the necessary input data for the 
two different hydrologic catchment models. A further analysis is given about the 
different precision and the range of the various model outputs. Furtheron the limit- 
ations as well as the advantages and the disadvantages of the two different hydrologic 
catchment models are discussed. 

IMPLEMENTATION OF A DISTRIBUTED HYDROLOGICAL MODEL FOR 
THE ELBE DRAINAGE AREA USING A GEOGRAPHICAL INFORMATION 
SYSTEM 

RJ.Vinkl,W.P.Cofinol 
1       Institute for Environmental Studies, Amsterdam e-mail: rona.vink@ivm.vu.nl 

A conceptual water balance and water quality model is currently being developed for 
the river Elbe to describe the changes in the hydrotogical and chemical compartments. 
The model is build using a Raster type GIS (PC-Raster, University Utrecht). In this 
paper the hydrological component is being presented. The hydrological model runs 
with a monthly time step and consists of two main sub-routines: soil moisture 
accounting and response and river routing. The model is currently being applied and 
tested for the Elbe river basin. The optimalization and calibration of the unknown 
parameters is performed automatically by using the Levenberg-Marquardt algoritm. 

HSB1 Water resources research 

04  Influence  of landuse  and  moisture 
feedback on continental rainfall 

Convener: Savenije, H.H. 
Co-Conveners: Bronstert, A.; Ulbrich, U. 

IMPACT OF LAND SURFACE DEGRADATION ON CLIMATE 
IN TROPICAL NORTH AFRICA 

D.B.Clark (1,2), Y.Xue (3), R.J.Harding (2) and P.J.Valdes (1) 
(1) Department of Meteorology, University of Reading, RG6 6BB, U.K., (2) In- 
stitute of Hydrology, Wallingford, Oxfordshire, OX10 8BB, U.K., (3) Depart- 
ment of Geography, University of Maryland, College Park, MD 20742, U.S.A. 
d.b.clarkCrdg.ac.uk 

This work examines whether degradation of the land surface in tropical North 
Africa may be partly responsible for the persistently low rainfall in the region 
over the past 30 years. Comparison is made of the responses of two general 
circulation models (the COLA GCM and the UKMO's Unified Model ) to a 
number of degradation scenarios in which the vegetation is made more sparse in 
different regions. The aim of comparing models is to identify common features of 
the simulations which may then be considered relatively robust features of the 
effect of surface degradation. Although evaporation from the surface is generally 
reduced by degradation the impact on precipitation depends critically on the 
response of the atmosphere. Differences in this response causes rainfall to be 
significantly reduced in some areas but not in others. In general degradation in 
West Africa causes local rainfall to be significantly reduced, while degradation 
further east does not have such a significant impact. Differences in the response 
of the two models are presented and comparison is also made with observed 
changes in the regional climate. 

C512 



A CALIBRATED THRESHOLD-VALUE OF THE PRECIPITABLE WATER 
COMPARED TO ENERGY CONDITIONS IN THE ATMOSPHERE 

M. M. de Groen 
IHE Delft, Delft, The Netherlands 
mmg@ihe.nl/Fax: +31(0)15 2122921 

An atmospheric waterbalance is being developed to study the influence of moisture 
feedback in Southeastern Central Africa. This model uses a stochastic parameter of 
precipitable water as a threshold for rainfall to start. If the actual precipitable water is 
larger than the randomly drawn threshold, then the model reproduces rainfall. The 
amount of rainfall in the time-step (day) is proportional to the surplus between 
precipitable water and threshold. The proportionality coefficient can be calibrated using 
precipitable water and rainfall data. To assess how realistic such a stochastic model- 
threshold is, the threshold-value was derived for every day of upper air measurements. 
The 'measured' threshold is the difference between the measured amount of 
precipitable water and a fixed proportion of the amount of rainfall on the same day. 
(Multi-)regression analyses were done with energy related parameters such as 
Convectional Available Potential Energy (CAPE), wind speed and wind velocity at 
different heights. Data of Harare upper air station and surrounding rainfall gauges were 
used. 

CONTINENTAL PRECIPITATION RECYCLING AND 
VARIABILITY OF LARGE SCALE WATER BALANCE WITH 
LAND-ATMOSPHERE INTERACTION 

D.Entekhabi 
48-331, Massachusetts Institute of Technology, Cambridge, 
Massachusetts 02139, U.S.A.; Tel: +1 (617) 253-9698; Fax: +1 (617) 
258-8850; E-Mail: darae@mit.edu 

The recycling of precipitation over large land regions constitutes an 
effective feedback mechanism whereby anomalies in precipitation are 
reinforced through the soil water balance. In this paper a simple 
formulation of the coupled surface and atmosphere water balance is 
presented in order to illustrate the feedback effect. The model is 
characterized by independent stochastic noise forcing. It is shown that 
the solution to the model is a bimodal probability density function of 
soil moisture where each mode represents persistence (locking) in one 
anomaly. Mathematical stability analysis of the model equation is 
used to demonstrate that the bifurcation of the solution is dependent 
on the magnitude of precipitation recycling. 

THE IMPACT OF SURFACE EVAPORATIVE FRACTION ON 
THE POTENTIAL FOR CONVECTIVE PRECIPITATION 

K. De Ridder 
Institut d'Astronomie et de Geophysique G. Lemaitre, Louvain-la-Neuve, Bel- 
gium. 
dridderMvito. be/Fax: [+32] 14 33 27 95 

The impact of the land surface on the potential for precipitating convection 
is examined. To do so, an analytical expression that relates boundary layer 
equivalent potential temperature to the surface evaporative fraction is derived, 
by means of the slab model of the convective boundary layer. Analysis of the 
resulting expression shows that the equivalent potential temperature increases 
with the evaporative fraction under most circumstances, except for very dry 
atmospheres, and that this increase is enhanced in the presence of a low-level 
moist layer. 

THE INFLUENCE OF VEGETATION ON MOISTURE FEED- 
BACK MECHANISMS AND SUMMERTIME RAINFALL IN A 
REGIONAL CLIMATE MODEL 

Pamela Heck, Daniel Lfithi and Christoph Schär 
Atmospheric Physics ETH, 8093 Zürich, Switzerland. 

The aim of this study is to assess the role of vegetation in the soil moisture- 
precipitation feedback on a seasonal time scale. Four-months-long integrations 
are conducted with a regional climate model covering Europe. The utilized 
model is the "Europa-Modell" of the German Weather Service equipped with a 
new vegetation data set and an improved parameterization of evapotranspira- 
tion. The summertime precipitation climate depends strongly on the soil water 
content as has been revealed by earlier month-long July-integrations. The soil 
water substantially affects the partitioning of the sensible and latent heat fluxes 
at the earth surface and thereby modifies the soil-atmosphere feedback mecha- 
nism and the resulting distribution of precipitation. Vegetation influences this 
feedback mechanism, as it links the soil to the atmosphere through evapotran- 
spiration. 
The seasonal integrations start in April with saturated soil and end in July. 
The computed soil water distribution is realistic; this is an important precon- 
dition for further studies on the feedback processes between the soil and the 
atmosphere! To this end the sensitivity of the water cycle on the leaf area index 
is tested with special attention paid to the distribution of precipitation.. 

THE FEEDBACK BETWEEN SOIL MOISTURE CONDITIONS & 
RAINFALL PROCESSES 

ElfatihA.B.EItahir 
Ralph M. Parsons Laboratory, Room 48-207, Department of Civil and 
Environmental Engineering, Massachusetts Institute of Technology, 
Cambridge, MA 02139. 
eltahirtgmitedu/Fax: + 617 253 7462 

This paper presents an hypothesis regarding the fundamental role of soil 
moisture conditions in land-atmosphere interactions. We propose that wet soil 
moisture conditions over any large region should be associated with relatively 
large boundary layer moist static energy which favor occurrence of more 
rainfall. Since soil moisture conditions themselves reflect past occurrence of 
rainfall, the proposed hypothesis implies a positive feedback mechanism 
between sou moisture and rainfall. This mechanism is based on considerations 
of die energy balance at the land-atmosphere boundary, in contrast to similar 
mechanisms that were proposed in the past based on the concepts of water 
balance and precipitation recycling. 

COMPARISON OF THE RAINFALL AND EVAPOTRANSPIRATION 
PREDICTED FOR A LANDSCAPE OF 1930,1986 AND DIFFERENT OPEN- 
CAST MINING SUCCESSION LANDSCAPES 

Nicole Mölders (UM - Institut für Meteorologie, Universität Leipzig, Stephanstraße 
3, D-04103 Leipzig, Germany) 

Simulations using the landscapes of 1930, 1986, and assuming urbanization and/or 
different succession landscapes of open-cast mining were performed with a non- 
hydrostatic meteorological model. Except for the cloud and precipitating particles 
the diurnal domain averages of the variables of state only slightly differ under calm 
wind conditions. Nevertheless, the single landuse changes, which are associated with 
drainage, urbanization, open-cast mining or the flooding of open-cast mining, may 
appreciably or even significantly affect the components of the local weather over and 
downwind of the landuse changes. While urbanization affects the local weather the 
less significantly of the assumed single landuse changes, the flooding of open-cast 
mining causes the most significant changes over and downwind of the conversion of 
landuse. Generally, the most significant differences (at 90 % or better statistical 
significance level) occur for the liquid and solid water substances, the soil wetness 
and the vertical component of the wind vector. The latter differences strongly 
influence the paths of cloud and precipitation formation by the interaction cloud 
microphysics-dynamics. In contrast to all other quantities, for which a landuse 
change causes significant differences, the differences of the cloud and precipitating 
particles are not bound at the environs of the landuse changes. 
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THE EVAPORATION OF RAIN AND SNOWFALL IN THE 
SUBCLOUD LAYER 

G. Ragette 
Zentralanstalt für Meteorologie und Geodynamik, Hohe Warte 38, 
1190 Vienna, Austria. 
Tel.: 43-1-36026-2205, Fax: 36026-72, gerd.ragette@zamg.ac.at 

Synoptic and aerological data from Arkhangelsk and Vienna have been 
used in order to derive mean vertical profiles of temperature and 
humidity at these two locations for days with rain and snowfall, 
respectively. The average height of the cloud base is obtained by 
combining cloud observations with the mean humidity profiles. Using 
climate data for the seasonal precipitation on the ground and the 
average seasonal number of days with precipitation, a mean 
precipitation rate at the ground is estimated. The mean seasonal 
precipitation and precipitation rate at the cloud base are obtained by 
calculating the evaporation in the subcloud layer. This is accomplished 
by solving the diffusion equation for water vapor, assuming adequate 
size distributions for rain and snow and employing the vertical profiles 
of temperature and humidity. 

Biosphere Feedback on rainfall and runoff in Tropical North Africa 

Yongkang Xue(l) and T. Oki(2) 
(1) Department of Geography, University of Maryland, College Park, MD 
20705,USA,(2) Institute of Industrial Science, University of Tokyo 

Since the late 1960s, the Sahel has experienced an extensive drought in conjunction 
with the desertification. The impact and mechanisms of the land surface degradation 
over the Sahel area on variations of rainfall and other hydrologica! components over 
tropical north Africa (TNA) are investigated using a coupled biosphere-general 
circulation model. This model was integrated for four years with and without 
vegetation change over the Sahel region. The results demonstrate that the degradation 
reduces the precipitation, runoff and soil moisture over the Sahel region during the 
summer season. The impact is also extended to the south of this area and during the 
autumn season. The changes in the rainfall annual cycle over the Sahel area are 
consistent with the observed climate anomalies of the past forty years. The runoff is 
reduced significantly in the desertification experiments. Using simulated and observed 
runoff data, the impact of degradation on river discharge variability are investigated. 
The observational data show the river discharge in the Sahel region is substantially 
reduced from the 1950s through the 1980s. To compare with the observed river 
discharge, a linear routing model is adopted. The lateral flow direction is taken from 
Total Runoff Integrating Pathway. The mean monthly discharge of the Niger river has 
been simulated fairly well and the simulated river discharge anomalies are in 
agreement with the observational data. 

CONVECnVE SCALE RAINFALL PERSISTENCE IN THE SAHEL 

C.M.Taylor 
Institute of Hydrology, Wallingford, U.K. cmt@ioh.ac.uk / Fax: +44 1491 692424 

This paper examines evidence of a positive feedback between the land surface and 
rainfall at length scales of less than 20 km. The study is based on observations from 
the HAPEX-Sahel field study in Niger, West Africa during 1991 and 1992. Data from 
a network of over 100 rain gauges in an area of 10,000 km2 operated by EPSAT-Niger 
are used to analyse rainfall patterns at the convective scale. The observations indicate 
that under certain conditions, gradients from successive storms tend to persist. The 
effect is sensitive to characteristics of both the surface and atmosphere. Persistence is 
favoured when a mature squall line passes over marked gradients in pre-storm 
evaporation. These surface gradients arise from soil moisture contrasts due to previous 
storm events. It is proposed that convection is locally enhanced when the storm passes 
over a previously wetted area, thus reinforcing soil moisture gradients. 
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Convener: Savenije, H.H. 
Co-Convener: Bruen, M. 

Mffiararwttrt Wain Scarcity: A fog» on Social and Economic Ootiane 

Bo Appelgno, Wulf Klohn 
Land aal Water Development Division 

FAO,ttome 

W«Jtyh««fafW»T*«.«n»iTitir»1tn«iAI«w1<^nlt™.fr1fc»ilii.^ 
Wim close bnlca between society and wan» maiiagMiaiisfneiinrwrlarice of socWaiidccciMuikariproacheato 
—nag. lofwateracarcftyfaracteaeiiigryliciiigrecoftin^ 
for prtticymalcmg and conflict resolulicci to add^ en ttcognisbif the limitation* fa diese 
capabiliries. Social resource scsrcrr/coeld limit not only to tssx»^ to addrm water scar^ but have wider 
serial securiryinylications for adaptive rroccsacs^ 
adaptive JWICMM and ■timgtfiwi mr ill iwcw rapmrtty TWHifr Hi» papr ^"i"— *" li-V« t-«»—n TfT 
scarcity and its driving rerces, such sspopulelta 
and tbe different categories of related cooincta. 
While mariaai could auuieliutea react efficiently ID nritiple water acarcity.ft^DeLosasiyiMtintn^iMdcotidmoniare 
acl&im met Social, envuusaiiuilal and equity atr^^ 
dassfcal water reeowee* ccaiioiraCT is loosgg to rr*w^ 

Alan traem- Mid lertnral «an» MM«. fiwfiiMit nf rtw **■>» nf «W M^trity —f^f. fr"f1 f«—l"i "f "jl*""1 
waters, high coat* of O&M to privatisation of water sectors. Mecmard sectoral policies often have an bnportant 
hnfrt "" f ÜMliim nf firin^mnwwA. Mwt wnAr.nw»l»t tiw—iH« «JM, pffTffH SM ffltlWT Mm IfllWIlS SI ihr 
water sector. A camtry'a overall development strategy and use of macroeeaooroicpoliclea,inxluo^ fiscal, 
monetary and trade policies, affect water demand and ii»estraeiitAaaciinjequeiKethersbtbeia^faraa 
bregnled approach atconjpassmg sodsj, ecoaoank and em^ormiental pobdes. 
Drawing from examples on water scarcity luraa^tneiit that were presented mi recent PAO electronic conference 
■d in regional expert coiiaallationa on water scarcity matuu^roemm the Near Eaet, die paper elaborates (a th^ 
options snd the practicable application for management of water scsreiryst national and tet^eual level 
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Risks and hazard assessment of changing gronndwater ecological state SHORT DROUGHT PREDICTORS FOR AGRICULTURAL RISKS 

Anna P. Belousova (, Water Problem! Institute of RAS, 10 Novaya Baamaimaya Str, P. O. Box 231, 
107078 Moscow, Russia, &msU:anabeI@iwapr.rink.su)) 

For estimating gronndwater ecological state, aimed at proving perspectives of its use and compiling 
perspective plans of sustainable development for certain regions ofme Volga basin, it is necessary to work out 
a mufti - stage system for assessing its state and quality, formed under the mlpactofiiatural and human - 
induced factors, and perspectives for its further change under the iiuluence of predicted climate changes. 
Under small-scale zoning (1:2 500 000), characteristic of groundwater state should base on assessing 
super- regional hazards and risks. Hazard from point of view of influence on groundwater state are both 
natural processes and some peculiarities of protective zone structure-aoib arid rocks mfrieujisaturated zone, 
shallow groundwater and grounn>ffater,andirttinly,rMmaniinpact Hazard »determined by HC 
(hazard coefficient) and HI (hazard index). For instance, to characterize tlieinfmence of the first protective 
zone level (sous) on the possibility of pollutants to penetrate irtoti^ groundwater, HC can be used, 
determined as a ratio betweensand-aandy- loam sediment areatfaftfeadingaiid a coinra^ protective zone 
area); to describe the intensity of polhiUjllsirKivomräthroughaprotecüvozori.HCareixmpo^by 
relation between either atmospheric precipitation, or infiltration rediarge, or rock saturation level and some 
their characteristic, or optimal values. HI is the sum of alt HC, detenrdniiujfto hazard or the level of 
protective zone penetration relative. A hazard of human induced effects on tlu groundwater, chemical ones, in 
particular, can also, be determined, using HC.HC values are (letennined by relation lietween polhitants 
concentrations and its maximum permissible concentrations. Wliendetemuniiu^ HI, ttU necessary to consider 
degree of toxicity for pollutants and to determine HI using separate categories of fAlhnants. Risk sasessment 
will characterize possibility or repeatedness of pollution process by a given pollutants or group of 
pollutants. Total superregional risk, characterizing grounrrwater ecological state chariges caused by natural 
and anthropogenic factors, willbe a aumofrisk, caused by the structure of protective zone and 
groundwater, by anthropogenic effect and actual grounoVater pollution and depletion and will be material 
Regional risk can be assessed during average - acale (second stage in« mullI - stage system) investigations, 
tor estimation of groundwater state changes in certain regions in a similar way (like superregionaO but whh 
a greater degree of detail and validity.. Local risks (the last stage of a mutti - stage system) can be assessed 
under large-acale investigations, aa risks, caused by local pollution sources or processes acting within local 
sites, these estimates must be most reliable 

G.Papaioannou (1), P. Markopoulos (1) and RKerlrides (2) 
(1) Univer. of Athens, Depart, of Physics, Lab. of Meteorology 
(2) Agricultural Univer. of Athens, Lab. of Agric. Hydraulics 
lhyd2kep@auadec.aua.ariadne-t.gr / Fax: 00301 5294081,3460885. 

In this study, daily rainfall data and potential evapotranspiration estimates obtained 
by Penman-Monteith method are used to estimate an agricultural rainfall index as 
expressing the high risk of short period droughts over Greece. A water balance 
drought index (VVBDI) defined as the percentage of days in each month with a ratio 
of actual to potential evapotranspiration less than 0.15 is obtained from a simple 
single layer water balance model and is used as a standard for predicting a short 
period drought The highest probability for depleting (potentially) a 50 mm plant- 
available water store in inter-rain periods is investigated and 10 days are found to 
indicate the minimum length of the above mentioned dry period, for various areas 
in Greece. The estimates from the daily water balance are compared with D10 
indices (calculated as the percantage of days in each month spent in inter-rain 
periods of 10 days or more in length) and with simpler predictors based on rainfall 
data as they are the mean monthly rainfall and the mean monthly raindays (RD). 
The D10 indices were a little better as predictors than RD and quite better than 
monthly rainfall. The WBDI was used as a standard in developing statistical 
relationships between the referred indices for 10 meteorological stations in both wet 
and dry areas in Greece. The predictive relationships were tested on 8 stations 
which were reserved as an independent validation data set. 

LIBYA'S CHOICES: 
DESALINATION OR THE GREAT MAN-MADE RIVER PROJECT 

P.J.A. Giisbers 
RBA Centre, Civil Engineering, Delft University of Technology, Delft, NL 
E-mail: p.gijsbers@ct.tudelft.nl / Fax: (+31)15 278 5559 

In die '80 s, Libya started an ambiguous project to provide water to its 
people: the Great Man-made River Project (GMRP). It is one of the largest 
civil works projects in the world, involving the pumping of ancient 
groundwater from the Sahara desert and transporting it hundreds of 
kilometers to the coast of Libya where demands for water exist. The Great 
Man-made River Authority (GMRA) wondered whether and how the GMRP 
infrastructure should be expanded. GMRA, responsible for water supply 
development and operation in Libya, asked UNESCO to perform an 
economic analysis on this issue. The study identified least cost 
combinations of investments in desalination plants and the Great Man-made 
River Project, that would meet specified water demands at various 
locations throughout the country. The author, contributor to this study, 
discusses the LP-models used and presents some interesting results. It is 
concluded that desalination appears to be an economically efficient 
expansion alternative only, for a very limited range of water demands 
scenarios, given the investments already made in the GMRP. 

ON-FARM GREEN WATER ESTIMATES AS A TOOL FOR INCREASED 
FOOD PRODUCTION IN WATER SCARCE REGIONS 

J. Rockström (1) 
(1) Natural Resources Management, DepL of Systems Ecology, Stockholm University 

jrock@system.ecology.su.se, Fax: +46 (0)8 15 84 17 

Rainfed agriculture covers > 95 % of the crop lands in water scarce tropical regions, 
and will in a forseeable future be the dominating source of food for growing 
populations in the tropics. Despite this fact, focus has until recently been on the 
potential conflicts and resource scarcity related to the water used for irrigated 
agriculture, industry and households - the so called "blue" water recharging rivers, 
lakes and aquifers. Yield levels have tb increase substantially in order to guarantee a 
minimum of livelihood security in dry tropical regions. This paper focuses on the 
potential of improving the efficient use of rainfall through integrated soil nutrient and 
water management. Results are presented from an on-farm water balance research 
project on pearl millet in the Sahel (Niger). The findings indicate that only a very small 
fraction of the rainfall, 4 - 9 %, takes the productive water flow path as "green" 
transpiration water. Surface runoff was substantial, amounting to 25 - 50 % of rainfall 
for intensive events, despite sandy soils. Extremely low canopy cover explains why the 
losses of improductive soil evaporation amounted to around 50 % of annual rainfall. 
Drainage was significant in this dryland farming system, despite the presence of periods 
of severe water scarcity during critical growth phases. Very low water use efficiencies 
were observed indicating a large potential for increased yield and "green" water flow. 
An option discussed is water harvesting techniques for supplementary irrigation. 

WATER SCARCITY MANAGEMENT IN UZBEKISTAN 

1. Akmal Kh. Karimov, Dr.sc 
The Institute of Water Problems, Tashkent, Uzbekistan 
Telefax:+7 371 133-89-24 
E-mail: root@pwater.tashkent.su 

Water scarcity management in arid zones in developing countries connected with 
institutional development of water sector. Actually in this case the scarcity is a 
consequence of uneffective water use. Rules and mechanizmes offered for water 
conservation and water market promotion. Developed water allocation model (on GIS 
base) showed that market of saved water can be effective for agricultural water users. 
Efficiency of «allocation of water scarcity and water conservation measures presented 
with GIS implementation for some irrigation zone of Uzbekistan. 

METHODS OF OPTIMAL IRRIGATION MANAGEMENT UNDER 
THE CONDITIONS OF DEFICIENCY OF WATER AND POWER 
RESOURCES IN THE UKRAINE 

M.I.Romaschenko, O.I.Zhovtonog 

Research Institute of Hydraulic Engineering and Land Reclamation 
e-mail:igm@olinet.isf.kiev.ua 

The deficiency of sweet surface waters and power resources stipulates the 
necessity to use resource-saving technologies in waterings' planning and 
water-distribution on the irrigative systems of Ukraine. 
Toward this end the complex of information-computative system of long-term 
and operative planning in irrigation was worked out. 
The models for planning of water-saving and ecologically safe regimens of 
irrgation as well the algorythms of optimization of water-distribution under 
the resource deficiency were realized in the composition of the system. The 
application of ICS for irrigation planning in the Ukraine makes possible to 
economize up to 20-30% of water-power resources, to reduce the losses of 
yield under the resource deficiency. 
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DETERMINATION OF THE MAXIMUM IRRIGATION EFFICIENCY OF 
GOLF COURSES IN SEMI-ARID MEDITERRANEAN CUMATE 

J. Tapias, M. Salgot (Facultat de Farmacia. University of Barcelona, Spain) 
A. Casas (G.P.P.G. Facultat de Geologie. Universität de Barcelona, Spain) 

Many golf courses have been constructed along the Mediterranean coast 
where water supply for other more important uses is not sufficiently satisfied. 
In this context is important the development of water saving strategies. 

The determination of a maximum irrigation efficiency depends of the water 
budget concept where inputs to the system include precipitation, capillary 
rise and irrigation and by other hand, outputs include turfgrass water use, 
evaporation from the soil surface, runoff and infiltration beyond the root zone. 
The amount of reserve moisture available to the turf, that depends primarily 
on the soil texture, plant root depth, can be now easily measured by means 
of TDR probes. 

This paper shows how the development of more saving watering 
methodologies together with a natural course design using mainly 
actoctonous less consuming turf specimens could help to reduce this 
problem. 

HSB2        Water    resources    engineering    and 
management 

02 Sustainable development of watersheds 
and river processes 

Convener: Habersack, H.M. 
Co-Convener: de Groen, M. 

River Flow Objectives: why and how 

Michael J Dunbar, Mike Acreman, Craig Elliott 
Institute of Hydrology, Wallingfoid, UK 
Tel: +44 1491 838800 email: m.dunbar@ua.nwl.ac.uk 

This paper reviews the concepts behind management of river flows for 
environmental purposes, and the methods thaf may be used to determine such flows. 
Ecological management of river flows is receiving increasing attention world-wide. 
Although international co-operation has led to important developments, assessment 
methods must be tailored for specific river types, administrative arrangements and 
level of contention. We have reviewed a range of specific methods: static and 
dynamic hydrological indices, baseline data collection, discussion-based approaches 
and bottom-up simulation modelling techniques. We have also considered the 
characteristics that appear to relate to the success of such determinations, along with 
the potential advantages and disadvantages of having such objectives. Of key 
importance is an overall national framework for environmental flow determinations, 
incorporating guidelines for a cross-functional approach. 

SUSTAINABLE MANAGEMENT OF A RIVER WITH A CASCADE 
SYSTEM OF HYDRO-POWER PLANTS 

N.Arefjev, M.Kononova J2=Sai 
St.-Petersburg Technical University, Polytechnicheskaja str., 29, 
195251 St.-Petersburg, Russia 
sai@iname.com 

The complex of various industries (energy-production; agriculture; municipal and 
industrial water supplies etc.) functions in river basins. Each of them has its interests 
which are often contradictory. It is important to govern the water-management complex 
with regard to the environmental protection (sustainable management). Therefore, it is 
necessary to create the co-ordination centre for the effective co-operative work of the 
water-management complex. 

The prepared method of the management of a cascade system of hydro-power plants, 
developed using the automatic control system, takes into account the requirements of all 
branches of the water-management complex from the point of view of ecological safety. 
The choice of the rational cascade regime is directed by many parameters due to the 
necessity of consideration of all participants of the complex in the water-basin. Actions 
during the management of the cascades regimes during the exploitation period are based 
on the automatic process control system and the results obtained using the local terrain- 
basin monitoring system; The latter provides the total account of the ecological 
requirements. 

This method has been proven to be very efficient during the simulation design of the 
Kern (Karelia) and Tuja-Mujun (Uzbekistan) water-basins. 

THE MORPHOLOGICAL AND HYDROLOGICAL IMPACTS OF 
GRAVEL-MINING IN THE B0VRI, NORWAY 

T. Fergus (1) and G. Berg (2) 
(1) River Eng. Sect., Norwegian Water Resources and Energy Administration, 
(2) Dep. of Geography, Univ. of Oslo. XthflSnve.no/ Fax: + 47 95 90 00 

Gravel has been mined in the B0vri, part of the Glomma river system in south- 
east Norway, for the last 20 years. The morphological and hydrological impacts 
of this mining activity has been investigated using river channel profiles to 
quantify channel change in the period. 66 cross profiles taken over 6 km of the 
river were measured in 1976 and remeasured in the spring of 1997 and again in 
the autumn of 1997 after a large spring flood. The two sets of profiles measured 
this year enable, in addition to monitoring the long-term effects in the river, the 
effect of a large flood on the rivers morphology to be measured. Gravel-mining 
in this river is controversial. The river is a protected watercourse and 
environmentalists protest that gravel-mining disturbs the natural morphological 
processes, is a visual eyesore and leads to erosion. Local farmers on the other 
hand argue that the gravel-mining helps keep the river at an acceptable level and 
that the mining is kept at a sustainable level. This proglacial river is naturally 
heavily loaded with sediment and this may be a viable argument. The profile 
data, together with discharge and water level data, has enabled the water level at 
different discharges in both 1976 and 1997 to be modelled and will help resolve 
part of the conflict between local interests and environmental concerns. The 
results of this investigation are presented in this paper. 
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SUSTAINABLE AND ECOLOGICALLY SOUND DEVELOPMENT OF 
WATERSHEDS AND RTVER PROCESSES 

H. Habersack,   (Institut   fur  Wasserwirtschaft,  Hydrologie  und   konstruktiven 
Wasserbau, Universität für Bodenkultur, Muthgasse 18,1190 Wien, Austria) 

Concerning river engineering and management a holistic vision based on the whole 
catchment ecosystem is required. In order to get a holistic answer for defined 
problems analysis at different .scales have to be performed. In the paper it is 
suggested that a procedure consisting of two major steps should be applied. First ä 
downscaling process leads to the problem definition, various aspects of sectional 
and local investigations and finally to the point scale, where basic data are measured 
and parameters for the larger scale models are calculated. There process oriented, 
deterministic models and direct measurements dominate. The upscaling process is 
necessary to get at least to the sectional scale, where engineering measures are 
planned. For some aspects like the increase of the input of sediments into rivers with 
bed degradation problems the management of sediment regime in the whole 
catchment is essentiell. There mainly stochastic models and indirect monitoring 
methods are used. Although many different models and monitoring methods exist in 
the various scales no sufficient methodical means for the down- and upscaling 
process have been developed up to now and should be a cause for further research in 
the future. 

MATHEMATICAL MODELLING OF SUSPENDED LOAD 
INPTUJLAKE 

Mario Krzyk, MSc.civ.eng 
University of Ljubljana, Faculty of Civil Engineering and Geodesy 

Hajdribova 28, SI-61000 Ljubljana, SLOVENIA 

Abstract. A two-dimensional depth averaged mathematical model for the calculation 
of transport and sedimentation of suspended load in a river reservoir is presented. It is 
composed of hydrodynamic and sediment transport modules. The model was applied 
to the Ptuj lake on Drava river where some necessary measurements of flow and 
sediment characteristics were performed in 1993. On the basis of the measured data 
the model was satisfactorily calibrated. At the end some results of the computed flow 
pattern and settled material in the lake are shown. 

TIME SERIES ANALYSIS OF DISCHARGES OF THE SAONE RTVER 

M. Helms (1). Ch. Leibundgut (2) 
(1) Institut für Wasserwirtschaft und Kulturtechnik, Universität Karlsruhe/Germany, 
(2) Institut für Hydrologie/Universität Freiburg/Germany 
(1) ggl0@ihwhp2.bau-verm.uni-karlsruhe.de 

Considering the flat topography of the Saöne river area and the economic importance of 
the Saöne-Doubs-axis, it has to be stated that changes of runoff processes in the Saöne 
catchment have significant effects. Such changes can be assumed for the 20th century 
since an investigation of climatological data and a literature research concerning anthro- 
pogenic activities in the catchment reveal a considerable variability of important regime 
factors. Thus reasons are given for a corresponding analysis. Thereby conclusions are 
drawn from a series of mean diurnal discharges from 1920 until 1993, observed in 
CÖUZON (about 17 km away from the confluence with the Rhone). Different annual 
series (means, maxima and low-flow parameters NM7Q) and monthly series (means) are 
generated and divided in three sub-series. On these sub-series different methods of time 
series analysis are applied: trend analyses and moving averages for the detection of cen- 
tral tendencies and methods for the investigation of discharge variability including flow 
duration curves, FOURIER and autocorrelation analyses of mean monthly discharges 
and frequency analyses of extreme events. The comparison of results of different sub- 
series reveal that the runoff situation in the Sa8ne catchment has significantly changed 
during the 20th century. Problems due to these changes may occur, e.g. regarding the 
flood situation. Possible causes of the changes are dicussed including the results of the 
literature research. 

PESTICIDES TRANSFER BY RUNOFF AND EROSION FROM FIELD TO 
AGRICULTURAL CATCHMENT 

Vironique Lecomte, Yves Le Bissonnais - TNRA, Science du Sol, 45 160 Ardon, 
France.lecomte@orleans.inra.fr 

Water erosion of cultivated soils promotes water pollution by pesticides in solution 
or adsorbed on suspended particles. The aim of this work is a multi-scale study of 
transfer processes of two pesticides used in cereal cultivation : diflufenican (DFF) 
and isoproturoh (IPU), the latest being more soluble in water and less easily 
adsorbed on soil particles. Experimentations are made on plots from 10 m* 
(simulated rainfall) up to 500 m1 (natural rainfall) with grassed buffer strips and on 
various types of cultivated catchments. The processes of products mobilisation by 
runoff, trapping effect and catchments field pattern influence on pesticides transfer 
are analysed. Particularly, the influence of soil surface degradation on herbicides 
transfer were studied on 10 m1 plots under simulated rainfall. The extent of 
pollutants transfer from the field to the catchment was investigated by: (1) Study of 
grassed buffer strips of different width located downstream to winter wheat plots 
with runoff measurement and water sampling ; (2) Study of catchments with on- 
farm studies (to determine inputs and treatment dates), direct observations (to 
characterise soil surface degradation on all agricultural plots), flow measurement 
and water sampling at the catchment outlet The use of a GIS in combination with 
these results will allow an impact assessment of different soil conservation schemes 
and the extrapolation of the results to other catchments. 

SIMULATION OF NITRATE POLLUTION FROM AGRICULTURAL USED LAND IN A 

SMALL RIVER CATCHMENT OF NORTH-EAST GERMANY. 

K. C. Kersebaum'. F. Eulenstein2 & U. Schindler3 

ZALF e. V. Müncheberg, 'Institute for Landscapemodelling, 'Institute for Land 
use systems and landscape ecology, 'Institute of Soil Landscape Research 
e-mail:ckersebaum@zalf.de 

Nitrogen leaching is one the severe problems for water resources in areas of 
intensive agricultural land use. With the help of simulation models the effects 
of land use and agricultural management practices on the quality of the seepage 
water can be analysed and strategies to improve water quality can be tested 
within scenario studies. We investigated land use and agricultural management 
practices in a small water catchment (224 km1) of north-east Germany for a 
period of 3 years. Based on these geographically referenced data and digitized 
soil maps we used a relative simple regionalized simulation model which 
describe the main processes of the nitrogen dynamics (water balance, nitrogen 
mineralization, denitrification, nitrate transport, N-uptake by plants) of the soil- 
plant system. Results were compared with measured deep profiles of nitrogen 
upto 4.2 m. The model was able to reflect well the effects of different farm 
management systems. Based on the results for the present situation scenarios 
were calculated to evaluate sustainable land use strategies within the catchment. 

CRITERIA OF TECHNOGEN TRANSFORMING OF RTVER FLOW 

1. Ernazar Dj. Makhmudov, Dr. 
The Institute of Water Problems, Tashkent,Uzbekistan, 
Telefax : 7 (371) 133-89-24 
E-mail: root@pwater.tashkent.su 
2. Lenzi Z. Sherfetdinov, Prof. 
The Institute of Water Problems, Tashkent, Uzbekistan 
Telefax: 7 (371) 133-89-24 
E-mail: root@pwater.tashkent.su 

A technogen transforming of river flow is connected with many factors. Therefore, it 
forms differential measures systems of evaIuation(criteries) of each factor. This 
reguires enguring of detail hydromelerological and hydrochemical information. In 
conditions of unsufficient observation data especially about flow diversion, it can be 
used common criteries of flow transformation, flow and salt mass. The processes can 
be analysed through hydrodynamic model of flow with differential mass. The model 
was applied for criteries development Flow transformationin irrigation zone, this is a 
common for the system criteria, partical criteries are flow changes and volume of 
water diversion for different technological processes. On the same base elaborated 
criteria systems for salt flow. These criteries system applied for predicting of flow for 
Syrdarya river and other rivers of Aral sea basin. 

I 
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THE EFFECTS OF INACCURaTE INPUT PARAMETeRS ON SEDIMENT 
TRANSPORT CALCULATIONS 

IMPACT OF RESERVOIRS IN RIVER SEDIMENT TRANSPORT REGIME A 
CASE STUDY IN TAGUS RIVER BASIN 

Maurer, M.; Institute for Hydraulics, University of the Federal Armed Forces 
Munich, Werner-Heisenberg-Weg 39,85577 Neubiberg, Germany 

Calculation of sediment transport processes is a very difficult task. Due to the many 
influencing factors of sediment tranport and the impossibility to develop a fully 
valid physically model, there exist many approximate models to simulate the 
process of sediment transport For engineering predictions in unsteady flow, there 
exist numerical schemes to solve the St' Venant equations in one or two dimensions, 
coupled with an equation for the sediment tranport The problem is not only the 
accurate calibration of the model but also the acquisition of realistic values for the 
various input parameters. For most of the parameters we have to consider their 
spatial and/or temporal stochastic nature, and therefore we must describe them as 
random variables or spatiotemporal random fields. Sediment tranport models are 
therefore random processes. The results obtained depend on the stochastic nature of 
the input variables. It is important to know how the simultaneous inaccuracy of the 
various input parameters influence the result gained and to identify those parameters 
which determine the process most The well known first order reliability method is a 
useful tool to assess the influence of stochastic input variables to the calculated 
result In this paper we will show how this method can be applied to judge 
quantitatively the influence of the inaccuracy of the different input parameters of 
transport formulas. We will also give results of inaccuracies of calculated suspended 
load concentration and deposition rates in one 
dimensional unsteady flow. 

Maria Teresa Ponce •'■lvares 
Institute da -Lgua - DirecbÖo de Servipos de Recursos, HYdricos, Av. Almirante, 
Gago Coutinho, 30,1000 LISBOA, PORTUGAL, E-mail teresaa@inag.pt 

The construction of dams leads to sedimentation in reservoirs and to degradation in the 
lower parts of rivers, caused by the decreased volumes of sediments transported 
maintaining however a similar transport capacity. Experimental finding of these 
phenomena was obtained from surveying campaigns carried in the 70js, 80{s and 90js 
decades where data derived was used to characterise the impact of reservoirs in 
sediment transport regime, in terms of suspended sediment transport and 
granulometric distribution of bed material. 

ASSESSMENT OF EMBANKMENT REMOVAL EFFECTS ON 
GROUNDWATER DYNAMICS IN AN ELBE RIVER FLOODPLAIN 

H. Montenegro. T. Holfelder 

Institute for Water Resources Engineering, Darmstadt University of 
Technology, di4a@hrzpub.ru-darmstadt.de/Fax:+49/6151/16-3223 

At the Elbe River, which has been modified by regulation and embankment 
construction for centuries, multidisciplinary research efforts are currently 
conducted to increase the understanding of regulated river ecology (Projekt 
ElbeSkologie). At the study site in Lenzen, in the Elbe National Park, em- 
bankment removal is being considered to increase the hydrological connec- 
tivity of the river-floodplain system. In order to develop restoration-strategies 
for floodplains a total of 9 related projects examine the interplay of ecosy- 
stem processes. The integration of hydraulic, ecological, and economic 
aspects of the research will proceed through: (1) identifying present and 
predicting patterns of groundwater dynamics, (2) developing techniques of 
assessing the estate of the floodplain ecosystem and (3) developing models 
to explore the effects of the reinstatement of flooding after the removal of 
the embankment. The presentation will focus oh the river-aquifer inter- 
actions. In order to inspect the exchange conditions, several groundwater 
observation wells were installed, the hydrogeological situation characterized 
and a finite element groundwater model of the floodplain was set up. 

THE PASSAGE OF RIVER- AND GROUNDWATER THROUGH A 
RIFFLE 

N. Saenger, M. Lenk (Water Resources Engineering, Technical University of 
Darmstadt, RundeturmstraBe 1, D-64283 Darmstadt Germany) 
K. Träbing (Institut fur Wasserwirtschaft und Kulturtechnik, University of 
Karlsurhe, Kaiserstraße 12, D-76128 Karlsruhe Germany) 

The hyporheic zone, with its spatial and temporal dynamics, is highly relevant 
to the ecosystem river. It is defined as the part of the river bed that is domina- 
ted by the exchange of channel flow and groundwater and has a specific bio- 
logical settlement The zone covers aproximately the first 50 cm of the river 
sediment and is therefore very important for the rivers solute transport and 
storage. 
The exchange through the hyporheic zone of two pool-riffle-sequences in the 
medium scaled River Lahn (Germnay) is analysed and described numerically 
within an interdisciplinary projekt. The aim is to gain insight into the spatial 
and temporal dynamics of abiotic parameters and biological processes in the 
hyporheic zone. 
First results show that the riffle can be devided into two zones where either 
inflow or outflow is dominant. One of the most interesting questions that has 
arisen involves the way in which channel flow and groundwater initiate the 
in/outflow in the riffle sediment and the relevance of morphology and sedi- 
ment characteristics. The current flow through the riffle can also be observed 
when analysing the chemical compound of the pore water. The results show 
conclusively the coherence of abiotic parameters and biological settlement. 

DISTRIBUTION OF LARGE WOODY DEBRIS ALONG A MOUNTAIN 
RIVER CONTINUUM, THE DROME RIVER, FRANCE 
(Guidelines to manage fish at a watershed scale) 

H. Piegay, A. Thevenet & A. Citteriol 

Large woody debris (LWD) are considered as an important fish habitat. 
Characteristics, mass and distribution of LWD were also studied along a 100-km 
long reach of the Drome river, France. The goals are to propose few guidelines to 
manage fish habitat at a watershed scale. Numerous LWD accumulations were 
observed within the active channel (low-flow channels and gravel bars) located in a 
limited number of preferential sites. In contrast, LWD in the Iow:flow channel were 
unfrequent and randomly distributed all along the river course. Bank erosion is one 
of the main sources of LWD input The active channel also stocked 2.5 to 3.7 times 
the annual floodplain LWD inputs estimated for the period 1971-1991. LWD 
accumulations are very unstable and are generally located on bars, demonstrating 
that their location is linked with the decrease of flow level in shallow sectors and not 
because of a stop-en-route caused by in-channel structures such as boulders or 
vegetated islets. Consequently, LWD accumulations on the Drome river have a 
negligible morphogenic role. These results allow to conclude that to improve fish 
habitat in the Drome River, a temporal and holistic perspective larger than the local 
site is recommended. Because structures placed in this unstable channel are likely to 
be washed downstream, we propose to emulate natural river dynamics and to permit 
large woody debris to enter the channel in unstable reaches via bank erosion, and 
that this debris not be removed (as is routinely done now) but permitted to migrate 
downstream through the system, creating fish habitat enroute. 

A REGIME APPROACH TO THE PREDICTION OF DREDGING 
AcnvrnES IN TIDAL RIVERS 

JR Spearman', J M Dennis1. M P Dearnaley1 

"H R Wallingford, Wallingford, Oxon. OX10 8BA, UK 
e-mail: jez@hrwaIlingford.co.uk 
2SchooI of Construction and Earth Sciences, Oxford Brookes University, Oxford 
OX3 0BP, UK 
e-mail: jmdennis@brookes.ac.uk 

The continuing and increasing commercial, social and industrial demands for 
developments on and in rivers and estuaries, has been accompanied by a greater 
need for improved and more accurate techniques for the prediction of the longer 
term effects of these developments. For rivers and their estuaries, which have 
been or will be subjected to engineering works, it has become increasingly 
important to evaluate and predict the environmental impact of the works within 
the context of sustainable development. The application of a numerical hybrid 
model, based on the regime approach, to the prediction and evaluation of the 
long-term effects of dredging in a tidal river is described.Dredging has the 
potential to cause extreme changes to the behaviour of tidal environments, in 
particular to the patterns of sediment erosion and deposition.These changes are 
not localised or short-term, and can have an impact on the whole of a 
river/estuary system. 
It is shown that the approach could provide a useful modelling tool in the 
assessment and evaluation of the sustainable development of a tidal watercourse. 
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APPLICATION OF NON-CONVENTIONAL HYDROCHF.MJCAL 
PARAMETERS DETERMINED BY ICP-MS TO GROUNDWATER 
MANAGEMENT OP THE AQUIFERS OF THE LLOBRKGAT RIVER 

J.L. Femtodez-Turiel (I), F. Lopez-Vera (3), I.F. Llorens (2), N. Antfch (1), I. More« 
(4),A.Roig(l)andA.Lobo(l) 
(I) Institute of Earth Sciences "Jaume Aimer«", CSIC, Barcelona, Spam, (2) 
Environment Institute, Joint Research Centre, Ispra, Itary, (3) Universidad Autonom« 
de Madrid, Madrid, Spain, (4)Universldad "Jaume 1", Caitellori, Spain 
)lfernande^aiia.eiic,« /Fax: 134-3-411 00 12 

The high concentration of inhabitants (over one million) and industrial density of 
the lower valley and delta of the Llobregat River, near Barcelona (Spain), make the 
groundwater management of the alluvial aquifer system particularly difficult 
Major elements and physico-chem ical parameters have been tnrimonaUy used to 
characterise groundwaters. In many cases this information has not capability to 
differentiate between waterbodies. Inductively coupled plasma-mass spcclrometry 
(ICP-MS) provides concentrations of the trace elements implied in natural and 
anthropogenic processes, being decisive for groundwater management A sampling 
net of ninety-six points has been defined. Conventional and non-conventional 
hydrochemkal parameters (twelve major elements and fifty-eight trace elements) 
have been determined by means of ICP-MS, using their muhlelementat capability 
to carry out a complete scanning of the groundwater system. After a complete study 
twenty-three of the above-mentioned parameter» have been retained in order to 
fingerprint the waterbodies. This hydrochemkal Information allows us to 
discriminate samples of different walerbndicx with similar chemical signatures on 
conventional parameters and plot more easily the trends of the system, essential for 
Its management This work Is supported by a CICYT project (HID96-1290). 

GROUNDWATER SYSTEMS MANAGEMENT FOR DRINKING 
WATER SUPPLY OF BUCHAREST CITY, ROMANIA 

I.Bica (1), VD. Mocami (2) 
(1) Technical University of Civil Engineering of Bucharest, Bd. Lacul Tei, no 
124, 72 302 Bucharest, Romania, (2) PROED SA, Studies and Design 
Institute for Public Works, 21, T. Argbezi St, 70 132 Bucharest, Romania. 

The paper presents the hydraulic and geologic characteristics of the aquifer 
systems that provide more than 20% of the needed water for drinking water 
supply of Bucharest city, the Capital of Romania, that has more than 2,300, 
000 inhabitants. The specific consumption is very big, around 820 litters per 
inhabitant and day, and with all this is considered now to be insufficiently, 
taking into account die frequently protest of the people. There are registered, 
often, many switches off of the water supply system and many diminution of 
pressure along the distribution network, spread unequal over die area of the 
city. These are caused, on the one hand, due to the insufficient yield capacity 
of the aquifer and extraction system, and on the other hand due to the large 
losses from the distribution system (that can be around 40% from the total 
water flow). The solutions that are proposed act in two directions: die 
improvement of die extraction system and die rehabilitation of the distribution 
system. 

DEVELOPEMENT OF CONTROL AND DECISION SYSTEMS APPLIED TO 
THE MANAGEMENT OF COMPLEX HYDROLOGICAL RESOURCES 

J.L. FernUndez-Turiel (1), G: Galindo (3), A. Femßndez-Cirelli(3), N. Antich (1), 
A. Herrero (3) and J J. Llorens (2) 
(1) Institute of Earth Sciences "Jaume Almera", CSIC, Barcelona, Spain 
(2) Environment Institute, Joint Research Centre, Ispra, Italy 
(3) Universidad de Buenos Aires, Buenos Aires, Argentina 
jlfernandez@ija.csic.es /Fax: +34-3-411 00 12 

The Salado River lower basin in the eastern Argentinean Pampa has experimented a 
notable change in the last ten years as result of agriculture and cattle-rising increased 
development, assisted by intensive technological equipment, as well as industry, 
affecting surface and groundwater quality. 
The study of surface waters and groundwaters of the Salado jower basin, using over 
forty hydrochemical parameters, allows us to establish three primordial hydrological 
systems (the groundwater system, the lacustrine system and the fluvial system) and the 
reference levels of the hydrochemical parameters. Even though the three systems are 
interconnected, the hydrological fingerprint of each system allows its clear 
identification. Furthermore, the main processes affecting the area have been 
determined: groundwater nitrate pollution, lacustrine systems eutrophization and local 
high levels of potentially toxic trace elements. 
A bilateral co-operation project involving the University of Buenos Aires (Buenos 
Aires, Argentina) and the Generalität de Catalunya (Catalunya, Spain) supported this 
work. 

IMPROVEMENT OF PERFORMANCE INDICATORS DUE TO 
CONJUNCTIVE USE OF SURFACE AND GROUNDWATER IN 
COMPLEX WATER RESOURCES SYSTEMS 

3oa6 E. Capilla, Javier Paredes, Joaqufn Andreu and Andres Sahuquillo 
ETSI Caminos, Canales y Puertoe. Universidad Politecnica de Valencia. 

The great complexity of many water resources systems makes it very difficult 
to properly quantify the limits to increase the use of water and to evaluate 
the possibilities that could be obtained from the conjunctive use of surface 
and groundwater. The answers to these key questions should be obtained in a 
way that several infrastructure configuration scenarios could be accounted for 
and that different water supply performance constraints could be assumed. A 
methodology to reach the above goals is presented. It is based on the use of a wa- 
ter resources simulation model that integrates the simulation of the groundwa- 
ter system fully incorporating aquifer models of distributed parameters. With 
this model the simulation allows to study the maximum demands that can 
be served for given performance constraints, considering different hypotheses 
for infrastructure configuration, aquifer exploitation and seasonal distributions 
of demands. First the simulations are carried out for a set of fictitious water 
demand units distributed in the system and then the actual demands are con- 
sidered. This approach is currently being applied in several Spanish river basins 
where groundwater exploitation is an important issue. Thus the increment of 
resources due to the conjunctive use and the limits imposed by the hydrological 
inputs in the basin are estimated. Additionally, a better global understanding 
of how the system works is obtained. 

OCCURRENCE OF HEAVY METALS IN GROUNDWATER AND 
SURFACE WATER RELATED TO MINING ABANDON (LINARES, SOUTH 
SPAIN) 

M. C. Hidalgo m and J. Rev (1) 
(I) Dpt. Geologfa, E.U.P. Linares, Univ. Jaen, Alfonso X Sabio 28, E-23700 Linares 
chidalgo@ujaen.es / Fax: +34-53-649508 

An important mining activity on metallic sulfides ores (dykes in a granitic batholith), 
now abandoned, was historically developed in the Linares area (Jain, Spain) till the 
1980s. The old mining works (pits, galleries) are currently flooded, after the 
finishing of dewatering operations. These mining holes are now responsible of the 
storage and transmission of groundwater within an igneous complex of basically 
impervious behaviour. An increasing exploitation is taking place in recent years for 
agricultural purposes, pumping directly from the mining holes and, consequently, 
modifying batholith hydrodinamics. Important modifications on groundwater 
hydrochemistry could be induce due to: 1) piezometric drawdowns, which are 
controlled by the exploitation regime and 2) changes from phreatic to vadose 
conditions in the groundwater-mineral system, resulting in a significative change in 
redox environment. Chemical analysis of groundwater from ancient galleries show 
high values for Al, Cr, Cu, Fe, Mn and Pb. In addition, highly pollutant leachates 
from old mining tailings have been detected (surface water in ponds with several 
mg/l contents in Cu, Fe and Mn). At present, mobilisation of these heavy metals 
towards the streams and its Sorption in agricultural soils and fluvial sediments is 
being analyzed. 
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KARST GROUNDWATER MANAGEMENT AND PROTECTION 

Miomir KOMATINA, Geozavod, Beograd, DKOMAT@irc.grf.bg.ac.yu 
Snezana KOMATINA, Geophysical Institute, Beograd, Yugoslavia 

In recent decades, two opposite processes were developed simultaneously 
- water consumption increase, in one hand, and water resources pollution 
and overproduction, on the other. That is the reason why water global 
problem, that is - drinking water problem, as one of the most important in 
complex of environmental protection measures, has originated. 

In the paper, ways of better groundwater resources management in karst 
water-bearing terrains are analyzed. Among the others, great abilities of 
karst aquifers for various artificial interventions (regulations) taking, in 
order to increase groundwater resources exploitation, are discussed. 

THE DYNAMICS OF MAIN FACTORS OF GENESIS IN RIVER MOUTH 
REGIONS UNDER DIFFERENT ANTHROPOGENIC LOAD 

Natalia N. Mitina (Water Problems Institute Russian Academy of Sciences, 10 
NBasmannaya St., Moscow 107078, Russia E-mail: mitina@iwapr.msk.su) 

The objective of the investigation is the establishment of main factors of genesis of 
river mouth's bottom natural complexes (BNC) at different levels of anthropogenic 
load. The data of large-scale landscape observations in the mouths of small rivers 
falling into the Sea of Japan (at the Russian Far East coast) have been used. The data 
have been treated with the aid on the basis of factor analysis. Most river basins are 
areas with small population and without industry. At several river basins, mines and 
plants are situated and pollute the river mouths and neighbouring shallow sea zones. 
The comparison of main factors for river basins without man's activity and with 
anthropogenic load give opportunities to estimate consequences of river basin 
pollution in genesis of river mouth BNC and to predict possible change of these 
complexes at different human impact 

OPTIMIZATION AND DECISION ANALYSIS OF REMEDIA- 
TION DESIGN 

T. D. Krom (1) and D. Rosbjerg (2) 
(1)  ELSÄMPROJEKT, Kraftvasrksvej 53, DK-7000 DK-7000 Fredericia, 
Denmark, (2) Groundwater Research Centre, The Technical University of 
Denmark,DK-2800 Lyngby, Denmark. 
tdkCelsampro j ekt. dk 

The choice of a ground water pollution remediation strategy is a difficult de- 
cision in a realm of uncertainty. The work here is a preliminary investigation 
into optimization between remediation strategies, under parameter uncertainty 
and considering strategy reliability for ground water pollution. Reliability and 
cost are the factors in the objective function used in a genetic algorithm opti- 
mization. Artificial neural networks are used to reduce computational burdens, 
they are used in sensitivity analysis and within the evaluation of the objective 
function. Numerical models are used to develop the training sets for the artifi- 
cial neural network. The results of the optimization are placed into a decision 
analysis framework to improve the transparency of the results of the optimiza- 
tion and the implications of low reliability. In at trade-off curve presentation 
of the optimization results one sees a more complicated relation between re- 
liability versus cost than previously presented in the groundwater literature. 
This is attributed to the inclusion of secondary remediation costs within the 
objective function, and those costs are discounted by the failure rate of the 
primary remediation technology. 

" MAGNETIC TREATMENT OF SALT AND GROUND WATER 

E.E.Rokhinson 
Agrophysical Research Institute, St.-Petersburg 195220, Russia 
ena@erokh.»pb.su/Fax:+7 - 812-534-1900 

Agricultural practice in arid areas is closely connected with possibility 
of application of salt and ground water for irrigation. The high 
mineralization and alkalinity of marine and ground water requires 
making some additional engineering decision to change their physico- 
chemical properties and decrease of their alkalinity. As a method for 
alkalinity decrease of natural water the method of water 
majgnetohydrodynamic activation maybe proposed. As a rule ground 
water is of hydrocarbonic type. It has high carbonic hardness and 
alkalinity, oversaturation in CaCOj and CaSOt Its spontaneous use 
for irrigation is not admissible. Water magnetohydrodynamic treatment 
shifts the carbonic acid balance in water, reduces alkalinity, changes gas 
content and salt crystallization rate. The method is free of chemical 
reagents and it is ecologically pure.. The field trials of the magnetic 
apparatus for salt and ground water, in Turkmenia shows positive 
results. 

GROUNDWATER MIXTURES DUE TO PUMPING IN THE DETRITAL 
TERTIARY AQUIFER OF MADRID 

F. Lopez-Vera (1), C. GKmez-Artola (1), J.L.Femßndez-Turiel (2), N. Antich (2) and 
I.Morell(3) 
(1) Universidad Aut%noma de Madrid, Madrid, Spain 
(2) Institute of Earth Sciences "Jaume Almera", CSIC, Barcelona, Spain 
(3) Universidad "Jaume I", Castellan, Spain 
fernando.lopez-vera@uam.es / Fax: +34-1-397 38 42 

The aquifer of the detrital Tertiary of Madrid is geochemically stratified. This aquifer 
provides the city of Madrid with groundwater through deep wells, (some exploration 
wells are over seven hundred meters deep), and is observed that productive levels 
change in composition in-depth. Drilling operations produce changes in that 
stratification, due to the mixing processes, and makes difficult the identification of the 
original chemical facies. Sampling of two deep wells, over the step-by-step pumping 
tests, partially allows the identification and discrimination of those original 
hydrochemical facies. In addition, further hydrogeotogical features can be deduced. 
Water pumped out from wells comes from different levels and displays different 
proportions of mixture. The chemical characteristics of the mixture are well defined 
and are a function of the level transmisivity. In the study wells, the amount of mixture 
of the lowest levels increases in accordance with the depression of the dynamic level 
of pumping. Na+ is the most important ion followed by S042- and CI-. 
The occurrence of HC03- is associated with water from shallow levels. The clear 
predominance of Na+ is conditioned by the significant alkaline exchange in the 
aquifer. This work is supported by a CICYT project (fflD96-1221-E). 

GIS BASED HYDROGEOLOGICAL DATA MODELS FOR 
GROUNDWATER MODELING IN MESOSCALE PLEISTOCENE WATER 
CATCHMENTS 

J. Steidl. ZALF. Institute of Hydrology 
Ch. Merz, ZALF, Institute of Hydrology 
R. Dannowski, ZALF, Institute of Hydrology 

Existing groundwater modeling systems (FEFLOW, MODFUDW, ASM) are suited for 
detailed hydraulic groundwater modeling in areas up to SO km1. To apply those 
models into mesoscales consider detailed information about the extremely 
heterogeneity of hydrological and geological boundary conditions, especially in the 
pleistocene landscape of NE-Germany. In this area a high density of data will be 
necessary to describe the hydrogeotogical situation accurately. Data collection using 
boreholes and mapping results requires expansive financial and personal efforts, 
therefore such methods are not practical in mesoscale groundwater modeling! 
Based on GIS technologies a method was developed to describe the hydrogeological 
conditions of aquifer systems in pleistocene regions larger than 200 km1 using 
available hydrogeological data and digital elevation models. The resulting data 
models describe the real heterogeneity of the hydrogeological situation by exercising 
systematically simplifications using transmission and weighting of scale depended 
parameters. The level of simplification is adaptable to the requirements of modeling. 
The application of this method will be shown by modeling results of ground water 
movement and matter transport in a mesoscale pleistocene aquifer system. 
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DYNAMIC HYDROLOGY OF THE SOIL SURFACE. 
A.V. Auzet (1), P. Andrieux (2), R. Angulo-Jaramillo(3), T.Bariac(4) J Boule- 
£e 5), L-MBresson (6), F-Darboux (7), M. Estev« (8), MJ. forkby (9) Y. Le 
Bissormais (10), V. Lecomte (10), B. Ludwig (11), C. Gascuel-Odoux (7), O. 
Planchon(8),V.Pot(4),B.Renaux(lO) 
(1) CEREO, URA 95 CNRS-ULP Strasbourg, (2) INRA Montpellier (?) LTHE CNRS-INPO- 
UJF-ORSTOM Grenoble, (4) LBICNRS-INRA- UPMC Paris, (5) LOM CNRS-UPMC Para, 
(6) INRA Grignon, (7) INRA Rennes (8) ORSTOM Dakar, (9)Geography Umv Leeds, (10) 
INRA Orleans, (11) INRA Laon. „„„,..,,.„ 
auzet@equinoxe.u-strasbg.fr/Fax: +33-3-8841-1359 
Better understanding of the mechanisms controlling the partition, of precipitation 
between runoff and infiltration in real soils is one of the crucial barriers to effective 
modelling of soil erosion by water, particularly at hillslope and catchment scales. 
Many studies demonstrate the importance of soil surface characteristics on 
infiltration rates. Microtopography and soil crusting in particular influence the 
pattern of ponded infiltration, overlandflow velocity and rill initiation and are 
themselves modified dynamically by rainfall and cultivation. The RIDES project 
will focused on the runofPinfiltration partition, with particular reference to the 
influence of local heterogeneities and their impact on the areal distribution of 
sediment transport The research will associate descriptive measures of the soil 
surface features with detailed measurements to build a typology which can be 
rapidly applied at field and catchment scales. Methods proposed include in situ 
measurements of hydrodynaraic characteristics through rainfall simulation and 
tension disk infiltrometry, and the use of isotopic and chemical tracers to observe 
the dynamics of surface and subsurface moisture reservoirs during and after natural 
and simulated rainfall events. 

I 

UPSCALING DISPERSION IN HETEROGENEOUS MEDIA : NON- 
EQUILIBRIUM MODELS 

A. Ahmadi, F. Cherblanc and M. Quintard 
LEPT-Ensam, Esplanade des Arts et Metiers 33405 TALENCE Cedex - France 
chb@lept-ensam.u-bordeaux.fr / Fax: (+33) 05-56-84-54-01 

The transport of solutes in geological formations is currently receiving a great deal 
of attention for issues such as remediation of contaminated groundwater. The 
presence of heterogeneities at different scales leads to anomalous dispersion at the 
field-scale, which cannot be described using the advective-dispersive transport 
equation. The transport of solutes is considered when the condition of local 
equilibrium between the different regions is not valid. An up-scaling method such as 
the method of large-scale averaging is used in order to take into account 
heterogeneities, and give a macroscopic representation of solute transport. This 
method calculates the transport equations and the effectives properties at a given 
scale by an averaging process over the equations corresponding to the lower scale. 
Under some length scales constraints, a first order development leads to a set of two 
large-scale equations for a two-region medium. The resulting local non-equilibrium 
model can be seen as an extension of dual-porosity models. A numerical procedure 
is proposed to calculate the macroscopic transport coefficients for any geometry. In 
order to test the two-equation model, theoretical results are compared to numerical 
experiments. With stratified and nodular systems, the results show a reasonable 
agreement between theory and experiment Finally, a numerical algorithm for 
solving the inverse problem is implemented to evaluate the large-scale effective 
properties in order to characterize natural porous media with laboratory experiments. 

ISOTOPIC COMPOSITION OF WATER FROM TERRESTRIAL PLANTS: IMPLICATIONS 
FOR WATER SOURCES AND WATER VAPOR 

T. BARIAC. C. ROCHE, S. CAYET, M. SURUOUE 
Laboratoire Biogeochimie Isotopique, UMR162 CNRS r INRA - UPMC, Paris, 
France 

The exchanges of moisture between leaves water and atmosphere have been 
investigated under controlled, simulated environmental conditions. Daily variation 
of the isotopic composition of water in leaves was performed to study the relations 
between the transpiration process and the increased isotopic enrichment observed in 
the remaining water in the leaves and in the water vapor provided by transpiration. 

The daily enrichment cycle of '80 and 2H observed in the leaves water fitted a 
classical model of water fractionation based upon the theory developed by Craig 
and Gordon (1965). The discrepancies between the measured and the calculated 
values seem to be closely related to the differences between the isotopic 
composition of the water pools in the leaf. Results show that the transpiration flux 
produces an isotopic enrichment in the surrounding environment of the leaf by 
returning to the atmosphere the isotopic composition of the source water when the 
leaf water reached an isotopic steady-state. Then stable isotope composition of water, 
vapor may be used to study the interaction between regional air masses and local 
evapotranspiration. To confirm such a conclusion, additional observations of the 
evolution of the isotopic composition of water vapor during the growing season are 
required to estimate the influence of the canopies on the atmosphere. 

Rainfall statistics at small time steps in the Sahel: a preliminary 
investigation into the validation of a desaggregation model 

A. Amani. G. Guillot, T. Lebe!, J.-D. Creutin 

The French "Programme National de Recherche en Hydrologie" (PNRH) is 
supporting a research aimed at developing a model adapted to the 
disaggregation of the rainfields associated to the Sahelian Mesoscale 
Convective Complexes (SMCC's). The space component of the model is 
based on a turning band algorithm. The time disaggregation is obtained by 
moving a standard hyetogram across the simulation domain. The parameters 
of the hyetogram are varied at each point so as to condition the peak 
intensity on the point cumulative storm raindepth resulting from the space 
disaggregation. Since in the Sahel hydrologic processes are especially 
sensitive to small time step fluctuations of the rainfall input, it is important 
for the disaggregation model to be able to reproduce correctly some basic 
rainfall statistics at typical time steps of 5 to 15 minutes. As a preliminary 
insight into this question a few results are shown here regarding : i) 5 minute 
statistics retrieved from the EPSAT-Niger data set; ii) comparison between 
these observed statistics and those produced by the model. These results 
have important implications for our understanding of the rainfall variability 
at various time scales and for the validation of the disaggregation model. 
Space variability at the storm scale is primarily linked to the distribution and 
dynamics of convective sells in space. This translate into a cumulative 
frequency distribution of 5 minute rainfall that can vary significantly form 
one station to another at the seasonal scale. On the other hand, when 
considering the 5 minute rainfall distribution averaged over all the stations 
for a given season, it is shown that it varies little from year to year. The 
model appears to reproduce correctly these features, with some significant 
discrepancies however that could lead to a modification of the 
disaggregation algorithm. 

EXPERIMENTAL AND NUMERICAL STUDY OF MISCIBLE 
FLUID DISPLACEMENTS IN POROUS MEDIA WITH LARGE 
HETEROGENEITIES 

P. Betest, J.P. Hulin, N. Rakotomalala and D. Salin and P. Berest 
Laboratoire FAST, Bätiment 502, Campus Paris-Sud, 91405 Orsay (France). 
doaOfast.fast.u-psud.fr/Fax: [+33] 1 69 15 80 60 

An experimental and numerical study of the displacement of a fluid by another 
in porous media with large scale heterogeneities is reported. The objective is 
to relate the displacement front geometry to heterogeneities of the medium. 
Experiments are performed both in 2D Hele-Shaw cell models using optical 
observations and image analysis and in 3D packings of glass beads with an 
acoustical technique provided an image of fluid displacements. Permeability 
heterogeneities are modeled in the first case by thickness variations and in the 
second by varying the diameter of the beads. Front displacement tracking and 
flow line visualizations on the Hele-Shaw cell allow to determine the velocity 
field. Acoustic images in the 3D model confirm the analogy between the two 
systems. Experiments with fluids of same viscosity with a stabilizing density 
contrast confirm that the front extent is reduced by gravity at low velocities. 
Experiments on matched density fluids with a stabilizing viscosity contrast 
display at high velocities a narrower front width than for matched viscosities. 
Numerical simulations are performed in the same geometry using a Boltzmann 
lattice gas technique : a Stokes-like diffusive term is introduced to smooth out 
the effect of permeability discontinuities. Numerical simulations reproduce ex- 
perimental results and can be extended to fluids with other physical properties. 
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MUREX: A LONG TERM FIELD PROGRAM DEDICATED TO THE 
MEASUREMENT AND MODELLING OF THE HYDROLOGICAL BALANCE 
AT A FALLOW SITE IN SOUTH WESTERN FRANCE. 

P. Benemoolm (1), I Baud (3), J.C. Ctfvet (1), R. Haverkamp (3), L. Kergoat 
(2), J.P. Lament (3), P. Mordetet (2), J. Noilhan (1), JX. Roseau (1), J.L. Thony 
(3), C. To»» (2) ind D. Vignea (2) 
(1) MeuSc-France, CNRM/GAME, URA CNRS13S7, Toulouse (France) 
(2) CESBIO, UMR CNRS 5639, Toulowe (France) 
(3) LTHB, URA CNRS 1312. Grenoble (France) 

In the past, several field programs have been conducted for validation of Soil- 
Vegetation-Atmosphere (SVAT) Models, e.g. HAFEX-Mobilhy, FIFE, EFEDA 
HAPEX-Sahel... However, the limited duration of such campaigns (no more than 
two months) did not allow to test model ability to reproduce the annual or inter- 

: annual water cycle. Longer validation datasets are required. The motivation for a 
long term field documentation of relevant processes came from the PILPS 
interconmaiison exercise. This Intercomparison of surface schemes used in 
Global Climate Models showed that the accuracy of climate predictions are very 
sensitive to the description of the water cycle. 
MUREX started in June 1994, and should be completed in spring 199$ after the 
recharge of the soil. The talk will include both a description of the complete set of 
measurements, and model results using two kinds of SVAT models: a rather 
simple one (ISBA), suited for coupling with meteorological or climate models, 
and a more detailed one, ie. SiSPAT. 

COMPARED SENSITIVITY ANALYSES OF A FOLLY-DISTRIBUTED AND OF A 
SEMI-DISTRIBUTED HYDROLOGICAL MODEL FOR A SAHEUAN WATERSHED. 

B. Cappelaere1. A. Maia1, C. Peugeot1, B. Vieuxs,U Colas1 

1 ORSTOM, Hydrology Lab., B.P. 5045,34032 Montpellier, FRANCE 
2 U. of Oklahoma, 202 West Boyd Street-CEC334, Norman, OK 73019 USA 

A fully-distributed, physically-based hydrological model has been established to 
represent the runoff to an endoreic pond over a 2-km* pilot watershed in the 
sahelian region of Niamey (Niger), using the r.water.fea, GIS-integrated model. 
The objective is to simulate the renewal of water resources in the area, made of a 
myriad of such small-size collecting ponds and of the underlying unconfined 
aquifer which is itself recharged via the ponds. This requires adequate 
representation of the interactions between runoff production from encrusted soils 
and losses in the conveying ravines. In order to facilitate the extension of this 
model to a relatively homogeneous area of about 1000 km1 encompassing the pilot 
watershed, a simplified, semi-distributed model based on similar modeling 
principles is being developed, and compared with the first model. This paper 
presents the behavior of the two models when varying model parameters and 
space/time resolutions. The unsealed model will be used for the purposes of two 
PNRH (French National Programme in Hydrology) -sponsored projects, entitled 
- "Impact des fluctuations plwiomitriques sur la riponse hydrologique en zone 

sahilienne itudie ä parti d 'observations et de sorties de MCGA ", and: 
- "Approches hydrodynamique et giochimique du fonctionnement hydrologique 

dans la depression piizomitrique fermie de Dantiandou ". 

ON UNIQUENESS OF PLACE IN HYDROLOGICAL MODELLING 

Keith Bcvcn. IENS, Lancaster University, Lancaster, LAI 4YQ, UK 

Recent discussions of hydrological modelling in the Tribunes Libres of de Marsily 
(1994) and Ganoulis (1996) have been concerned with the problem of scale as a 
limitation on hydrological modelling. Both suggest, from different viewpoints, that 
it is necessary to develop and apply hydrological theory at appropriate scales in 
order that any parameters should be physically meaningful.  Even then, they argue, 
imposing constraints on model predictions for a particular application will be 
uncertain, a process of conditioning rather than specification of parameter values. 
Such conditioning is the saving of hydrological modelling in the face of uniqueness. 

It is this conditioning that will be discussed in this presentation. This conditioning 
takes place in the context of the uniqueness of place of any application of a model. 
Knowledge of that uniqueness (in space, time and action) is inevitably limited by 
measurement techniques and resources. The nature of the uniqueness is not normally 
reflected in model structures, which seek unity in the sense of de Marsily, but in the 

' possible parameter sets that will provide acceptable simulations of a particular place 
and its unique hydrology. It will be argued that there are many different parameter 
sets that will be compatible with what it is possible to know of a place (the 
equifinality problem) and that the application of hydrological models must therefore 
be associated with an assessment of die predictive uncertainty implied by these 
multiple possibilities. 

WATER UPTAKE BY PLANTS IN DIFFERENT ENVIRONMENTAL CONDITIONS 
A. CAYET. T. BARIAC, P. RICHARD 

Laboratoire de Biogeochimie Isotopique, UMR 162 CNRS - INRA - UPMC, Case 
120,4 Place Jussieu, F-75252 Paris (France). 

The objective of this study is to determine the depth of the active root uptake in the 
soil layers as a result of the climatological and geografical situation of the 
observation site (hydrological aspect). 
Measurements of WH or WO ratios of plants sap can be used to determine the 

source water for a plant. Since no isotopic fractionation against isotopic formes of 
hydrogen and oxygen occurs during soil water uptake by roots, the relative 
dependence of plants upon different water sources in the soil can be assessed by 
comparing the isotopic composition of stem water with that of potential water 
sources in the soil. These results enhance our understanding of soil - root 
interactions and will contribute to models ecosystem functioning. 

ASSIMILATION OF REMOTE SENSING DATA IN SVAT MODELS: 
DESCRIPTION OF THE ALPILLES EXPERIMENT AND FTRST RESULTS 

I. Brand (1), A. Chanzvffl. F. Baret (3), J.C. Calvet (4), E. Gonzalez (1); C. 
King(5), L. Prevot (3), A. 01ioso(3), C. Ottle (6), O. Taconet (6), J.L. Thony (1), 
J.PWigneron(3) 
(1) LTHE, Grenoble, France, (2) INRA Unite de science du sol Avignon, France, 
(3) INRA Unit* de bioclimatologie, Avignon, France, (4) meteo-france, Toulouse, 
France, (5) BRGM Orleans, France, (6) CETP, Velizy, France 
achanzy@avignon.inra.fr 

The Alpilles experiment was designed: (1) to test water and heat flux models in the 
soil-vegetation-atmosphere continuum (SVAT model) over long period in the case 
of cultivated fields; (2) to draw and test different schemes of remote sensing data 
assimilation to infer the evapotranspiration and the soil water balance. The 
experiment was conducted during the October 96-December 97 period near 
Avignon. Six fields were instrumented on the main crops of the area (wheat, 
sunflower, alpha-alpha) to follow heat and water fluxes, and the soil water balance. 
Concurrently, remote sensing observations were performed in the different 
wavelength regions from aircraft platforms. The data were regularly collected 
through the experimental period over an area of 5km by 5 km. Acquisitions of the 
different existing satellites (SPOT, ERS, RADARSAT, ATSR) were done over the 
area. First results are presented. The variability in soil properties in the area is 
presented. The soil hydraulic properties were measured using different methods and 
the results were compared. Evaporation fluxes measured from the differents fields 
Were compared and related to thermal infrared and radar observations. 

TRANSPORT AND RETENTION OF CLAY PARTICLES IN FINE 
POROUS MEDIUM: EXPERIMENTAL AND THEORETICAL APPROACH 

F. Compere (1), G. Porel (1), F. Delay (2), M. Razack (1) 
(1) HydrASA UMR CNRS 6532 - Fac. Sciences - 40, av. du Recteur Pineau - 
86000 Poitiers. (2) Laboratoire de Geologie Appliquee - URA 1367 - Univ. P.et M 
Curie - 4, place Jussieu - 75005 Paris Cedex 
Email: compere@hydrogeo.campus.univ-poitieis.fr 

The transport of solid particles in porous media is involved in many research 
domains: colloid-facilitated transport of contaminants such as radionuclides, 
decline in productivity of wells, alteration of media permeability, water treatment... 
The present work concerns experiments : using laboratory columns, suspensions of 
Ca-smectite have been injected into a fine siliceous porous medium. The main 
objective was to study the transport and retention of clay particles according to 
variation of many parameters: flow rate, column's length, ionic strength and 
valence of ions. An increase of particles removal from suspension is observed with 
increasing ionic strength and decreasing flow rate. For flow rate and ionic strength 
parameters, experiments allowed to determine critical values above which the 
retention of particles is strongly increasing. A resolution method, based on an 
enhanced particle tracking, is used to reproduce experimental breakthrough curves. 
Different models are tested, all based on the classical advection-dispersion equation 
in which sources term are included, using kinetic parameters. 
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IS THE EVAPORATION FROM PHREATTC AQUIFERS IN ARID ZONE 
INDEPENDENT OF THE SOIL CHARACTERISTICS ? 

A. Coudrain-Ribstein (1), B. Pratx (2), A Talbi (1) and C. lusserand (3) 
(1) Sisyphe CNRS-UPMC, Paris, (2) ORSTOM, Paris, (3) UPMC, Thonon, France 
aradrain@biogeodis.jussieu.fr/Fax: 33-144 27 51 25 

Evaporation is the main outflow process from phreatic aquifers in arid zones where 
it might reach the ftiaYimal flux all year round. Arid climatic conditions are not the 
limiting factor of evaporation from aquifers whose piezometric level is at least 0.3 
m below bare soils. After hydraulic studies of soils, the dependence of the 
evaporation on the soil characteristics has been established and admitted. After 
interpretation of isotopic profiles of the unsaturated zone, the approximately twenty 
available data of quite different soils from very distant places show that evaporation 
seems to depend only on the piezometric depth. This apparent contradiction may be 
explained: (I) high dependence of evaporative flux on soil characteristics had been 
concluded on the base hydraulic conductivities determined for suction of less than 
150 m that is insufficient, (2) near soil surface suction reaches values of about 5000 
m for which the hydraulic conductivity equals the equivalent vapour conductivity 
that varies weakly for large type of soils and temperature ranges, (3) the fitted curve 
of evaporation determined on the base of 21 isotopic profiles, with q in mm yr"1 and 
z in m, is: q = 71.9 z'1 ■*, (4) after hydraulic conductivity data recently published 
for a loamy soil up to a suction of 1000 m and for a sandy soil up to a suction of 
2500 m, the upper and lower bounds of this relation are: 28 z'" < q < 205 z"'". 

HYDROLOGICAL MODELLING OF RHONE BASIN 

Pierre F.tchevcrs. Florence Habets, Eric Martin, Joel Noilhan, et al. 
Mfteo-France, Centre National de Recherches Meteorologiques, Toulouse, France. 

The goal of the French program GEWEX/Rhdne is to develop a method to estimate the 
hydrological budget of a large European river using existing datasets. The Rhone basin 
(86500 km2) has been chosen because it presents several interesting features: a strong 
climatic contrast between the north part (under oceanic influence) and the south part 
(under Mediterranean influence), a heavy influence of the snow on the Alps and Jura 
mountains rivers flows and a limited underground domain. The adopted methodology is 
based on the use of 4 «linked » models : the meteorological analysis system SAFRAN 
generates the relevant meteorological parameters with the hourly time step at 8 km 
resolution by using the observations of Meteo-France. The'surface energy and mass 
fluxes are calculated by ISBA, the land surface scheme developed by Mfteo-France. It 
uses precise maps of the soil texture and the vegetation cover (resolution of 2 km). The 
snow covered surfaces are specially treated by using Crocus, a physically-based model 
originally developed for operational avalanche risk forecasting. Lastly, the hydrological 
model MODCOU calculates the water outflow in the soil and the river flows with a 
variable spatial resolution depending on the topography (between 1 km and 8 km).The 
results obtained with this rather sophisticated tool are presented for a 15 years 
simulation (from 1981 to 1995) and compared with a rich set of flow measurements (86 
hydrographical stations). Water and energy budgets are studied for some sub-basins of 
the domain in the light of inter-annual variability. A particular attention will be paid to 
the snow cover simulation and its major influence on the alpine rivers flow 

1 

COUPLING    OF    A    HYDROLOGIC    PHYSICAL    BASED    MODEL 
(TOPMODEL) WITH A SNOWMELT ROUTINE (SAFRAN-CROCUS) 
FOR DISCHARGES SIMULATION OF A FRENCH ALPINE CATCHMENT. 

K. Durot(l), Ch. Obled(l), G.M. Saulnier(l),E. Martin (2) 
(1)LTHE, BP 53,38041 Grenoble cedex 9, France 
(2) Metio France CNRM-CEN Grenoble 

Within the framework of the PNRH, this project aims at 
understanding the flood generating mechanisms on a temperate alpine 
catchment (Sarennes river 28.5 km2). A physically based hydrologic model, 
TOPMODEL, is coupled with a snowmelt routine (SAFRAN-CROCUS) 
including both a data assimilation scheme and a melt model providing 
spatially distributed melt layer at ground level. The discharges modelling is 
performed with two spatialisation levels of the snowmelt input provided by 
the snowmelt routine for different elevations intervals and seven different 
aspects: First, the lumped version of TOPMODEL process any single data 
input (either rainfall or meltwater ) at each time step as uniform over the 
whole catchment. Secondly, TOPBAND, a semi-distributed version, split the 
catchment into a kind of jigsaw where only those pieces receiving melt water 
are processed, therefore taking into account the fluctuation of the snowline 
and 0°C isoline. 

VARIABILITY OF NITRATE IN FISSURE GROUDWATER AND 
CONSTRAINT FACTORS (GEOLOGICAI»REDOX,HYDRODYNAMIO 

LEJ=aillat (1) and L. Somlette (1) 
(1) Lab. Hydrogeologie, ISAMOR, Technopole Brest-Iroise, 29280 Plouzane. 
failUt@univ-brest.fi7F« : 02 98 05 61 01 

In Brittany, impropitious qualitative and quantitative aspects of groundwater are 
strong economics and health limitations. Hydrogeological studies of fissured aquifers 
are then necessary in order to limit or to solve these problems. So, a study about 
organization and processes in a fissured hydrogeosystem is in course in the Kerharo's 
river basin (Finistere, France), underlain by the Brioverian sandstone schists. 
Observations and measurements have been made from the river basin scale (50 km2) 
to the experimental area scale (0,35 km*) corresponding to a polyvalent farm 
(Kerveldreach) on a simple morphological versant of 4 to 5 % declivity, where 53 
water points (17 drilled holes, 1 dug well 9 auger holes, 25 drains, 1 spring) can be 
used. A plurimethodologic approach, using geology, geophysic, hydrodynamic and 
hydrogeochemistry has allowed us to know some aspects of the aquifer geometry 
(heterogeneity, anisotropy, connectivity, inner limits), in order to evaluate the 
hydraulic parameters (T=10-J-10-« mjl, S=10-«-10-3), and mainly, to show the 
hydrogeochemical processes of groundwater. These are dominated by redox conditions 
responsible of a vertical zonation, with an upper nitrated oxidizing zone separated 
from a reducing and denitrificated ferrous iron (up to 10 mg.l-1) zone where organic 
matter, sulphide and ferrous iron are oxidized by oxygen of the nitrates. The 
thickness of the superficial zone (less than 50 meters) is strongly controled by 
hydrodynamics. This hydrogeochemical zonation might be extended to all the 
Brioverian and perhaps to other formations of "Massif Armoricain". 

EFFECTS OF SOIL MICROTOPOGRAPHY ON OVERLAND FLOW 
AND INFILTRATION IN CULTIVATED PLOTS 

M. Esteves and O. Planchon 
Institut Francais de Recherche Scientifique pour le Developpement en 
Cooperation, ORSTOM, B.P. 1386 Dakar, Senegal 
Michel.Esteves@orstom.sn. 

The spatial and temporal distribution of soil surface microrelief is one of the 
key variable influencing overland flow hydraulics and soil erosion. However 
knowledge of these space-time dynamics remain poor. The goal of mis 
paper is to better characterise the effects of the evolution of 
microtopography on the distribution of the flow depths, the magnitude and 
direction of flow velocities. A two dimensional model based on an explicit 
finite difference scheme coupling overland flow and infiltration processes 
for hillslopes represented by topographic elevation and soil hydraulics 
parameters is used to simulate runoff production and transfer under 
contrasted soil relief conditions. A real field application in a groundnut plot 
in southern Senegal is presented and first result are discussed with 
implications for the role of microrelief in controlling surface runoff and soil 
erosion in cultivated field. 

MODELLING THE SURFACE PROCESSES IN MIDDLE MOUNTAIN 
CONDITIONS : COMPARISON AND SENSITIVITY STUDIES. 

S. Fouche-Roouiez(1), G.Najjar(1>, I. Braud w, B. Ambroise<1) 

(1) CEREG (URA 95 CNRS - ULP), 3 rue da rArgorme, F-67083 Strasbourg Cedex, M. 33 (0)3 
8« 45 6412, fax: 33 (0)3 88 41 13 5«, e-mal: rogulezegeo2Jims.tipg.fr; (2) LTHE/1MG (URA 
1512 CNRS4NPG-U1F), BP 53, F-38041 Grenoble Cedex 9, France. 

Four soil-vegetation-atmosphere transfer (SVAT) models of increasing 
complexity have been tested in a temperate middle mountain environment 
(Ringelbach catchment, Vosges mountain, France): a very simple soil water 
budget using Penman potential evapotranspiration ; the Earth model 
(Choisnel, 1985) develloped for agrometeorological applications, using 
Penman-Monteith evapotranspiration and two soil storages ; the ISBA 
parameterization (Noilhan and Planton, 1989) used by Meteo-France in 
numerical weather prediction models ; the physically based SiSPAT model 
which represents all the water and energy processes with equivalent 
degrees of simplification. 
Rather satisfactory simulations have been obtained'using these models 
over 8 years at four sites of different slopes and exposures within the small 
Ringelbach catchement. Sensitivity studies, using Monte-Carlo method, 
have been performed. Soil parameters greatly influence the results for all 
the four models; Earth results are more dependent on the albedo and plant 
structural resistance values, ISBA and SiSPAT results on the leaf area 
index. 
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COUPLING SVAT MODELS WITH MULTISPECTRAL RADIATIVE 
TRANSFER MODELS INTO THE CANOPY. FIRST RESULTS WITH THE 
ALPILLES EXPERIMENT. 

C. Francois (1), C. Quit (1). 0. Taconet (1) 
(1) CETP, Vflizy, France 
francois@cetp.ipsl.fr/Fax: +33 1 39.25.49.22 

In order to retrieve biophysical variables such as soil moisture and vegetation 
structure from multispectral rennte sensing observations, a SVAT model has been 
coupled with Radiative Transfer Models into the Canopy (MTRC) in the visible, 
thermal infrared and microwave domains. We are thus able to simulate the radiative, 
energy and hydological exchanges in the Soil-Vegetation-Atmosphere system. The 
first step is to use the simulated directional reflectances, temperatures and 
jbackscattering to test, with the Alpilles data, the behaviour of the direct coupled1 

model, and the second step is to study the possibilities of coupled inversion. The 
MTRC used in the reflective optical domain (visible and infrared) is an improved 
version of SAIL model (Verhoef, 1984), the microwave model is derived from > 
Wigneron el al. 1993. The radiative processes into the canopy in the visible and 
thermal domain have been carefully studied to include both multiple reflections 
between the soil and the vegetation, and die cavity effect (absorption of radiation^ 
Ethe vegetation). The explicate dependence upon vegetation structure (LDDF and 

mutual arrangement) has been introduced in both SAIL and microwave model, 
first results using the directional aspect of the coupled SVAT-MTRC, at field 

scale, are related with the retrieval of soil and foliage temperature using two 
directional measurements of brightness temperatures over the Alpilles fields. 

HYDROLOGICAL STUDY OF THE RHONE BASIN 
F. Habets1, E. Artinian1, P. Etchevers1, C. Golaz* P. Lacarrere1, E. 
Leblois3, E. Ledoux*, E. Martin1, J. Noilhan1, C. Ottle4, D. Vidal 
Madjar4 

(1) Meteo-Fiance, (2) ENMSP/CIG, (3) CEMAGREF/Lyon (4) CETP 
The paper describes the GEWEX Rhone program concerning the mod- 
elling of the Rhone basin (86496im2) with a distributed hydrological 
model. The hydrological modelling of the Rhone basin is very interest- 
ing because of its complex orography, the climate variability and the 
importance of the snow and ice components. The different steps of the 
modelling program will be discussed. In this application, detailed soil 
and vegetation maps have been used to describe the surface. The at- 
mospheric forcing (i.e. temperature and humidity at 2m, wind speed at 
10m, atmospheric and solar downward radiation, surface pressure and 
precipitation) has been reconstructed using a dense network of surface 
atmospheric stations. Satisfactory results are obtained for the year 87- 
88. The simulation of the different terms of the water cycle shows a large 
spatial variability of annual evaporation and runoff across the basin. The 
ratio of evaporation over precipitation is around 60 % in the area of low 
orography and close to the Mediterranean sea. The Alps are charac- 
terised by very high values of runoff (more than 80 % of precipitation) 
and weak annual evaporation because of the presence of snow. 

DISSIPATION OF MOMENTUM DURING FLOW IN FIELD SOILS 

P. Gcmumn 
Geographisches Institut der Universität Bern, Hallerstrasse 12, 
CH-3012 Bern. (Switzerland) PGERMANN@giub.unibe.ch 
FAX +41 31 631 38 54 

The balance of momentum is one of the fundamental laws of conservation 
during flow. Its consideration in soil hydrology leads to a dynamic approach 
to flow and may explain a host of flow phenomena. In principle, energy 
consumption during flow in unsaturated soils is either due to the diffusion of 
capillary potential or due to the dissipation of momentum. At the macroscopic 
scale of soil cores or profiles, however, this clear distinction is no more 
possible because bom processes may occur simultaneously at various sites at 
the scales of pores, leaving a considerable range of overlap between the two 
concepts. 

Momentum of flow in soils is estimated either from drainage flow at some 
depth or from rapid soil moisture readings, for instance, with TDR- 
equipment. The same principles lead to the estimation of the dissipative flux. 
In-shu sprinkling experiments thus reveal the extent of macropore systems in 
field soils and their minimum volume at the location of sou moisture readings. 

The method will be presented and examples of momentum dissipation, 
water flow and particle transport will be discussed. 

LARGE SCALE EXPERIMENT ON CONTROLLED AQUIFER 
POLLUTION BY TRICHLORETHYLENE 

S- fellali (1), J.M. Cdme (2), C. Ott (1), O. Razakarisoa (1), F. Van Dorpe (1) and 
L. Zilliox (1) 
(1) Institut de Micanique des Fluides-UMR 7507 CNRS-ULP, IFARE, Strasbourg 
(2) BURGEAP - Agence de Lyon 
jellali@imf.u-strasbg.fr/Fax: +33 -3 88 10 67 95 

The problematic of groundwater pollution by chlorinated solvents concerns many 
aquifers in industrialized countries. The French-German Institute for 
Environmental Research (IFARE) realised a great device called "SCERES" (Site 
Contröle Experimental de Recherche pour la Rehabilitation des Eaux et des Sols). 
This buried basin, built with reinforced concrete is 25m long x 12m wide x 3m 
deep. The main porous medium is a sand with a hydraulic conductivity of 8.10"4 

m/s. Experiments are conducted in order to approach in real situation and 
controlled conditions several aspects such as multiphase migration phenomena in 
aquifers and interactions between immiscible phases in different soil 
compartments (vadose zone, saturated zone). Furthermore numerical models of the 
multiphase flow will be used. After a first period of laboratory experiments 9 
liters of trichlorethylene (TCE) were infiltrated on SCERES with a special set-up 
to regulate injection and to avoid evaporation. With this system, TCE was injected 
35 cm under the soil surface at 1.8 m above the water table. The measurements 
permit to quantify the evolution of the impregnation body, to determine the 
pollution transfer by volatilisation in the unsaturated zone and the transport of 
dissolved traces in water flow. The data from these controlled site experiments 
will allow to obtain a mass balance. 

MODELLING THE INFLUENCE OF A MULCH ON THE WATER AND 
ENERGY BUDGET OF A FALLOW LAND 
E. Gonzalez-Sosa (1), I. Braud (I), M. Vauclin (1) and P. Bessemoulin (2) 
(1) LTHE (CNRS UMR 5564, INPG, UJF), BP 53 38041 Grenoble, cedex 9, France 

(2) M«eo-Frahce/CNRM/4M, Av. Coriolis, 31056 Toulouse, cedex, France. 

In order to validate land surface schemes used in atmospheric or climatological 
models, a data set including climatic data, surface fluxes, surface humidity and 
temperature, soil temperature, soil water content and pressure, biomass monitoring 
was collected during three years (1995-1997) on a fallow site located in the south- 
east of France. On June 2 1995 the farmer cut the grass cover and increased the 
mulch layer thickness. The water and energy budget of this field was simulated with 
the SISPAT SVAT model (Braud et al., J. Hydrol., 1995), a model of coupled heat 
and water transfer in the soil-plant-atmosphere continuum. It was found that the 
model was not able to reproduce the soil temperature and the surface soil moisture 
correctly. The temperature amplitude was overestimated and the surface soil 
moisture, which remained high even after a long drying period, was underestimated. 
The model was modified to account for the mulch layer, where water transfer in the 
vapour phase is very important. The simulation with a mulch layer of 5 cm was able 
to predict the lower amplitude of soil temperature and to maintain soil surface 
humidity during all of the simulation. These results showed that the role and 
characterisation of the surface layer must be conducted carefully in order to correctly 
model the annual water and energy budget. There is also a need for improved 
experimental techniques to derive the thermal and hydrodynamic properties of a 
very thin surface layer. 

STUDY OF NON LINEARITIES IN KARSTIC SYSTEMS USING WAVELET 
TRANSFORM AND MULTTRESOLUTION ANALYSIS 

D. Labat (1,2), R. Ababou (1) and A. Mangin (2) 
(l)Institut de Mecanique des Fluides de Toulouse, (2)Laboratoire Souterrain, Moulis 
labat@imft.fr/Fax: 05-61-28-58-99 

Karstic aquifers are caracterized by great dynamical heterogeneity with several 
response time scales which implies non linearities in their behaviour and so 
difficulties in their simulation. Our purpose is to apply new methods of signal 
analysis in order to relate precipitations and discharge rate of karstic springs. These 
signals are two non gaussian and non stationnary series sampled at different rates. 
So, we need a better knowledge of input and output signals and especially a dual 
time-frequency or time-scale vision. The wavelet transform was choosen since it 
permits, under some conditions, to efficiently decompose and synthesize such 
signals. There are two different kinds of wavelet transform : the continuous Morlet 
wavelet transform which does not use an orthogonal basis and the muitiresolution 
approach based on orthogonal basis constructed with a dilation equation. After some 
tests using synthetic time series, we present some results concerning different kinds 
of karstic basins located in the South of France, which have been studied for many 
years. The wavelet transform allows us to present a classification of those aquifers 
from rast response to diffuse response similar to one obtained by Fourier classical 
analysis but more synthetic. Perspectives of this work are (i) to perform cross 
analysis with the help of the wavelet transform and (ii) to propose a generalisation 
of the transfer function. The following step will be the implementation of a non 
linear optimisation of the parameters of this function to predict outflow correctly, 
especially concerning peak rates and low rates. 
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THE CONTRIBUTION OF EVAPOTRANSPIRATION TO THE 
ENRICHMENT OF "O AND "H IN THE WATER VAPOR UNDER 
NATURAL CONDITIONS 
B.LADOUCHE (1), PH. BIRON (2), G. NAJJAR (2), A. MILLET (1), S. HUON 
(1), P. RICHARD (1) and T.BARIAC(l) 
(1) Laboratoire de Biogeochimie Isotopique, UMR 162 CNRS - INRA - UPMC, 
Case 120,4 Place Jussieu, F-75252 Paris (France). 
(2) Centre d'Etudes et de Recherehes Eco-geographiques (CEREG - URA 95 
CNRS), ULP, 3, rue de l'Argonne, F-67083 Strasbourg (France). 

The diurnal variation of isotopic compositions of water in the soil-plant-atmosphere 
continuum was carry out during a typical summer day. This study was performed on 
a spruce stand located in Strengbach catchment (Vosges, France). With stable 
isotope measurements, microclimatic and ecdphysiologica! parameters were used in 
an integrated approach to understand processes involved during the water transfer. 
The origin of the water taken up by spruce (Piceas abies) was determined by 
comparing oxygen-18 contents in tree sap and soil water the mean root water 
uptake was active in superficial soil layers. In addition, the isotopic composition of 
sap water shows no temporal evolution.The 180/l60 ratio of needle water increases 

during the morning until the early afternoon and, then towards evening the 0/ O 
ratio decreases rapidly .The isotopic enrichment of atmospheric water vapor in and 
above the canopy was maximun toward 15h00 (UT). After IShOO, the isotopic 
signature of atmospheric water vapor began to decrease. This evolution could be 
related to the decrease of the transpiration flux. The used of a single two-component 
mixing model allowed to estimate that the atmospheric water vapor at 15h00 was 
composed of about 42 % of transpired water vapor. 

CHARACTERIZATION OF WATERS FROM BOLIVIAN ALTIPLANO: 
GEOCHEMICAL MODELLING APPROACH 

B. Made(l), A. Coudrain-Ribstein(2), Rands Sondag(3), Jorge Qunitanilla(4) 

(1) Ecole des Mines de Paris, CIG, Fontainebleau, Fiance (2) Univerisite Paris 6, 
LGA, CNRS, France (3) Orstom, Bondy, France (4) University de La Paz, Bolivie 

The groundwaters analysed for major (and trace) elements on the Bolivian Alti- 
plano site allows to characterize different type of solutions. From data on tem- 
perature, pH and aqueous concentrations of elements (Ca++, Ms++> Na+, K+, 
HCOJ, Cl", SO", NOJ, SiOjjo,)) the calculations of spedatiori-have been car- 
ried out with a geochemical code based on thermodynamic laws. The rain waters 
are frequently diluted with a total charge varying from 6 to 15 mg/1 (Patacamaya, 
Chilahuala, Chiquichambi, San Jose). These one are undersaturated with respect 
to quartz (SI from -0.9 to -3.7) and calcite (SI from -3.0 to -4.7). Some rain waters 
(Huaylla Marca, Colque Amaya) are oversaturated with respect to quartz (SI from 
0.15 to 0.64) with a total dissolved charge of 120 mg/1 (anomaly due to the wind 
action). All surficial waters and groundwaters (130 samples analysed from cam- 
paigns of 1993,1994 and 1995) are oversaturated with respect to the polymorphs 
of silica (quartz, chalcedony...) and to the dolomite and calcite. Some solutions 
(Huari, Umala, Unapata, San Jose,...) are saturated with respect to antigorite and 
chrysotile (serpentine group) resulting of the weathering of olivine and pyroxene 
from basic-rock underground. The sepiolite (Talc group) can be predpitate in 
these waters containing Ca and Mg in high concentrations. The characterization 
of the origin of the waters mineralization on the Bolivian Altiplano site can be 
described from a geochemical approach. 
This work is included in the Programme of Hydrology Research developed in 
France (PRH). 

TESTS OF A NEW TDR-METHOD TO MEASURE SOIL WATER- 
CONTENT PROFILES. 

J.P. Laurent (1), A.V. Auzet (2), A. Chanzy (3), L. Pereira dos Santos (1) and J.M. 
Sanchez-Perez(2). 
(1) LTHE, UMR 5564 CNRS-INPG-UJF-Orstom, Grenoble, (2) CEREG, URA 95 
CNRS-ULP, Strasbourg, (3) INRA, Unite' de science du sol, Avignon. 
jean-paul.laurent@hmg.inpg.fr/Fax:+33-4-7682-5286 

A new method - called TDR-SSI for « Spatial Signal Inversion » - has been 
developed to measure water-content profiles in soils. First, one single TDR signal is 
taken on a probe which length (lm maximum for the moment) determines the depth 
of the zone that will be explored. Then, the dielectric constant profile is calculated 
from this signal by inversion and «normalization. In order to. allow a cross- 
comparison of TDR-SSI versus other methods, several experimental stations in 
France have been equipped with such probes and at least one other measurement 
technique : neutronic, TDR tube TRIME ™, gravimetric... The first results show a 
fair agreement when nie TDR signal remains « useable ». Difficulties appeared in 
two of our tests, due to high losses by electrical conduction in the soil. In the first 
case, on alluvial flooded forest in the Rhine Valley, water content and solutes 
concentration were very high. In the second case, on one site of the « Alpilles 
experiment», the high clay content of the soil is probably to be considered. Despite 
this conduction problem, TDR-SSI appeared to be convenient and accurate enough 
for most applications in soil physics. Nevertheless, technical solutions have to be 
found to keep the method useable in every soils or for greater depths. Fields tests are 
still going on to refine these fust conclusions. 

COMBINED USE OF HYDROLOGICAL AND HYDROCHEMICAL DATA 
TO MODEL THE ROLE OF THE WATER TABLE IN NITRATE 
TRANSFER 

J. Molenat (1), G. Gruau (2), C. Gascuel-Odoux (1), P. Davy (2), P. Curmi (1), A. 
Dia (2), P. Durand (1>, C. Grimaldi (1), P. Merot (1), C. Riou (2). 
(1) Unit* de Science du Sol et de Bioclimatologie, INRA Rennes; (2) Geosciences 
Reimes, UPR 4661 CNRS. 
Molenat@roazhon.inra.fr/Fax: 33-2 99 28 54 30. 

The 5 km" experimental catchment is located in West of France (Naizin, Brittany). 
The soils are developed into a loamy material over weathered Brioverian 
(Paleozoic) schists. The mean concentration of the streamwater is around 15 mg.1"1 

of N-NO, due to intensive farming. The concentrations are the highest in winter, 
and very low in summer. A transect of four piezometers was set up according to the 
slope direction. The water table depth was monitored during one year with a time 
step of 15 mn. The chemical variations were measured fortnightly in the 
piezometers and in the stream for different elements and isotopes. The water table 
depth in the slope is of a few meters in winter and varies rapidly and importantly 
during the rainfall events. At the bottomslope, the water table is near the soil surface 
and does not vary much. A chemical decreasing gradient from upslope to the 
bottomslope is observed for both major (e.g. NOj, SO,, Cl) and trace elements (e.g. 
Sr, Ba). The variations of the concentrations in time are moderate, except at the 
footslope. These data are used to model water and nitrate transfer within the 
hillslope. The objective of the modelling work is to precise the time characteristics 
of the transfer according to the location in the slope, and to test the hypothesis of a 
winter nitrate destorage due to the fluctuations of the water table that may intercept 
the percolation from the vadose zone. 

ORIGIN OF SALTY WATERS" FROM BOLIVIAN ALTIPLANO: 
CONTRIBUTION OF THE SR ISOTOPIC DATA AND GEOCHEMISTRY. 

MLoubet (1); ACoudrain-Ribstein (2), B. Pouyaud (3), BDupre (1) and J. Martinez 

(4) 
(1) Laboratoire de Geochimie, UMR 5533, Toulouse, France, (2) Laboratoire   de 
geologie appliquee, URA 1367, Paris, (3) ORSTOM, Paris,(4) Univ. La Paz, Bolivia. 
loubet@lucid.ups-tlse.fr Fax: 33/ 05 61 52 05 44 

The aquifer of the Bolivian central Altiplano displays geographical sectors with distinct 
salinities (with Cl concentrations varying from 0,2 to 150 mmol I'1). On basis of 
previous extensive hydrological studies, 33 superficial and underground waters were 
sampled and major, minor and Sr isotopic analyses were realized on these samples. The 
R=87Sr/86Sr, U/As ratios, and Na, Cl concentrations allow to distinguish four distinct 
groups among the water samples. Groups I and II display respectively low (Cl ranging 
from 0,2 to 8 mmol l'1), and medium (Cl ranging from 4,5 to 25 mmol 1"') salinities. 
They are clearly associated with water supplies to the aquifer from the West and North 
side respectively. Group III shows very high salinity (Cl and Na range from 350 to 2000 
mmol I"') and is associated with solutions related to intrusive dacites. The salty waters 
which locate at the South of the aquifer (displaying a high salinity with Cl ranging from 
15 to 150 mmol 1-1) gather in the group IV. This latter group shows R and As/U ratios 
intermediate between the values displayed by groups I and n. Data analysis supports a 
model in which: (a) group IV waters derived from a mixing of group I and II waters, 
(b) subsequent evaporation processes lead to their high salinity. 

VEGETATION DYNAMICS AND THE WATER AND CARBON DIOXIDE 

FLUXES 

P. Mordelet (1), C. Tosca (1), D. Vignes (1), L. Kergoat (2), I.-C. Calvet (3) 
(1) Centre d'Etudes Spatiales de la Biosphere, Toulouse, (2) Laboratoire d'Ecologie 
Terrestre, Toulouse, (3) Centre National de Recherches Meteorologiques, Toulouse. 
Patrick.Mordelet@cesbio.cnes.fr/Fax: (33) 05 61 55 85 00 

Water and carbon dioxide fluxes in the soil-plant-atmosphere continuum widely 
depend on the vegetation. A study was conducted on a set-aside field (Murex 
research program) during the 1997 growing season to determine the seasonal and 
diurnal dynamics of the vegetation features as influenced by environmental 
conditions. Stomatal conductance and water potential were measured on leaves of 
major species from early spring to autumn, along with biomass and LAI dynamics 
of the field vegetation. Carbon dioxide flux were measured at the canopy level 
during the dry summer period. (1) The set-aside field plant species exhibited low 
stomatal resistance, indicating their potential ability to maintain high gaz fluxes. (2) 
Some differences between coexisting species occured for diurnal variations of 
stomatal conductance and water potential. (3) The diurnal variations of stomatal 
resistance and water potential were different for low VPD and humid soil conditions 
on one hand, and for high VPD and dry soil conditions on the other hand. (4) The 
set-aside field appeared to be a carbon source during summer due to high plant and 
soil respiration rates. These data were used to model the fluxes over the field for 2 , 

years. 
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RENEWAL AND DEVELOPMENT OF THE HYDROLOGICAJL REGIME 
REPRESENTATIONS: CONCEPT, VARIATES, MODELS, MAPS. 

G. Oberfin (I) and aller (the PNRH learns of regime and water balance projects) 
(1) Cemagref, CP 220 F-69336 Lyon cede* 09; guy.oberIin@cemagref.fr; 
Acs: +33 4 7847 7875 ; lei: +33 4 7220 8772 

Since a lot of yean, several hydrologists observed a need for reconsidering our 
position on the hydrological regime concept Among the reasons, three can be 
underfigned: (i) the recent and large, but also diversified and complex, progresses 
made on the understandment of the basic hydrological processes, lead to a 
corresponding need of synthesis; (ii) the arising of a progressively better taking in 
account of the hydrological knowledge for water, river, flood plain and basin 
management, lead to a need for hydrological representations which are relevant for 
long term and sustainable stakes; (iii) the development of an integrated 
management of water bodies and water concerned populations (human societies and 
biocenoses), in a changing environment, lead to a need for interfacing the 
hydrological cycles and processes with a lot of other behaviour's scientifical 
representations. Facing such increasing needs, the old regime concept and 
representations appear clearly as under-developed, and frequently even no more 
adequate or relevant So, a team inside the frerich PNRH was requested to start a 
bask research on regime concept, variates, models and on any scientifical synthesis 
representation able to adress these new stakes. The target is double: (i) develop a 
synthesis based scientifical knowledge, through new modelization of regimes 
Including short durations, respecting the processes lime scales, etc..., and able to 
represent influences and trends; (ii) strenghthen the scientifical basis of water and 
water bodies integrated management The first step, which is on-going, fbcusses on 
the time scales aspects for a local regime, which appear as deeply under-developed 
and thus needing numerous complements or redefinitions. A second step wilt further 
adress the space scales problems, and beyond the classical spatial variations, will 
focuss on several space scale effects, largely underestimated when not quite ignored 
until now, like die non-additivity of several hydrological regime variates when 
upsetting (downstreaming) them, which induces very peculiar problems of huge 
importance, as for mapping, or for water resources assessment 

ELECTROKINETIC MONITORING OF WATER FLOW IN LOW 
CONSOLIDATED MEDIUM 

C. Philippe (1), L. Jouniaux (2) and J.-P. Pozzi (2) 
(1) ENSAM, Dpt. Structures, 151 bd de Thopital, 75013 Paris, France, (2) E. N. S„ 
Dpt T. A. O. (CNRS-URA1316), 24 rue Lhomond, 75005 Paris, ftance. 
jouniaux@magnetitens.fir andpozzi@magnetit.ens.fr 

This study was performed for the PNRH program on geophysical methods used to 
monitor the subsurface fluid flow. In order to have a better understanding of electric 
and magnetic measurements performed in the field and that are thought to be 
induced by water flow at shallow depth, we performed laboratory measurements. 
Water flow in porous medium is known to induce electrokinetic phenomenon and 
to generate an electric field. We measured the streaming potential induced by water 
flow in low consolidated medium as sand, along a vertical column of 1 m height 
and 8 cm diameter. The electric potential was measured by 10 impolarizable 
electrodes and the water pressure was measured at the same place by 10 pressure 
sensors. 
The low consolidated medium is thought to be representative of the uppercrust and 
the knowledge of its electrokinetic properties is required in order to find the 
relation between the electric field and the water flow in the purpose of water 
monitoring by electric method. 

THE NUMERICAL MODELLING OF THE INSTABILITY OF 
INFILTRATION IN A ROCK WITH HETEROGENEOUS TEXTURE 

Anne Ormond (I) and Peter Ortoleva (2) 
(1) Observatoire Midi Pyrennees /University P. Sabatier,(2) Department of 
Chemistry, Indiana University. Anne.Ormond@cnes.fr 

The permeability of the rock is a critical property, to describe the fluid flow and the 
associated mass transfer in the aquifer layers. The permeability and the flow are 
closely related by a non-linear feed back, through the dissolution and precipitation of 
minerals in the rock. This is the result of the coupling between the evolution of the 
texture, the porosity, the permeability, of the rock and the water/rock chemical 
interaction. Our numerical modeling focuses on the physical mechanism involved in 
the growing of the instability of the reaction front in the matrix, at the scale of the 
instability. Our study describes the growing of the worm-like instability, in a rock in 
which the texture is initially heterogeneous. It illustrates the characteristic behavior of 
the fingering when it is controlled by the advective transport of the undersatured fluid. 
We show that initial heterogeneity favors the fingering, which as a result develops 
faster. When the dissolution is controlled by the transport, not only the magnitude of 
the flow velocity but the flow pattern is critical for the evolution of the shape of the 
reaction front, during time. We find that the correlation between the shape of the 
infiltration instability and the pattern of the initial heterogeneity depends on the ratio of 
the size of the heterogeneity and the size of the resulting fingers. 

MONITORING ISOTOHC EXCHANGE WITHIN A FOREST STAND: RELATIONSHIPS 

BETWEEN H2O AND COJ ISOTOHC SIGNATURES 

C. ROCHE (I), T. BARIAC (I), Y. BRUNET (2), P. BERBIQIER (2), P. RJCHARD (2), 
JM. BONNEFOND (2), a BARDOUXO), B. LADOUCHE (I), A. MILLET (1) 

(1) Laboratoire de Biogeochimie Isotopique, UMR 162 CNRS - INRA -UPMC, 
Case 120,4, Place Jussieu 7S252 Paris cedex 05 France 

(2) Unit* de Bioclimatologie, INRA, Domain« de la Grande Ferrade, 71, Avenue 
Edouard Bourleaux, BP 81,33883, VilJenave-d'Omon, France. 

Stable isotopes are used to characterize H2O and CO2 exchanges between biosphere 
and atmosphere, through the isotopic exchange processes in the continuum soil- 
plant-atmosphere. The isotopic exchange between liquid water and CO2 inside 
kaves could be used to determine the CO2 exchange processes, from the 
relationships between H2'K> and C"0'*0. In order to determine this relationship in 
natural conditions, an experience was carried out at an INRA experimental place in 
the Landes forest In this 25 years old pine plantation, measurements of water 
vapour and CO2 isotopic compositions were performed through a nycthemeral cycle 
at 11 different heights. At the same time, we characterized die isotopic compositions 
of water in different biospheric compartments and recorded CO2 fluxes above and 
under the canopy using an eddy covariance method From the leaf water and water 
vapour isotopic compositions, the isotopic composition of die water under 
evaporation within the leaf is calculated by the evaporation isotopic model. Isotopic 
compositions of leaf water and water under evaporation shows a similar evolution 
during the day with a maximum at die end of the afternoon. The isotopic signature 
of the CO2 at the tree level follows the same pattern what shows that foliage water 
controls this signature and not the mixing with regional air. Moreover, die high 
isotopic composition of the CO2 observed implies an isotopic exchange with the 
most enriched water in the leaf, i.e. the water under evaporation, even during the 
night. 

GEOCHEMICAL CONTRIBUTION TO MESOSCALE WATER PATHS : 
MAJOR, TRACE ELEMENTS AND Sr ISOTOPES 

APPLIED TO THE PEYNE WATERSHED (HERAULT, FRANCE) 

E. PETELET. J-M. LUCK, D. BEN OTHMAN, C. JOSEPH, G. VASSEUR 
UMR 5569, Geofluides-Bassins-Eau, cc 057, University Montpellier II, place E. 
Bataillon, 34095 Montpellier cedex 5, France 
petelet@dstu.univ-montp2.fr / Fax: 04-67-14-47-74 

How can geochemistry contribute to mesoscale hydrological modeling? In order to 
answer this question a watershed with contrasting lithologies was chosen. As a first 
stage a geochemical search had to be done to identify reliable tracers tor the 
identification of water paths in a small watershed (e.g. among the major, trace 
elements, Sr isotopes which are often used in the study of surface water). Only 
geochemical data are given here. The study focuses on 2 geologically and 
hydrologically independent, distinct parts of the Peyne watershed (70 km2). The 
different lithologies (15) were geochemically characterized by leaching experiments 
(immersion) with deionized water. One of them was also studied by percolation on 
a column for comparison. Each soil is clearly identified by its specific concentration 
ratios and Sr isotopic signatures. Three sampling campaigns were performed (2 low 
flows. 1 high flow) on very small brooks draining monolithologic parts of the basin. 
The dissolved loads were compared with rock endmember leachates. Both low flow 
campaigns present remarkably stable signatures, whereas high flow data are 
significantly different. 

FIELD MEASUREMENT OF SOLUTE TRANSPORT PROPERTIES OF 
SOIL USING A TENSION DISC INFILTROMETER AND "O 

S.ROULIER m. R ANGULO-JARAMILLO (1), J.P.OAUDET (1), A.V. AUZET 
(2), B. LADOUCHE (3), Th. BARIAC (3) 
(1) Laboratoire d'6tude des Transfer« en Hydrologie et Environnement, UMR 5564, 
CNRS - UJF - JNPG - ORSTOM, Grenoble-France 
(2) CEREG, ULP CNRS URA 95, Strasbourg-France 
(3) BGCI, UPMC, Paris-France 

Natural tracers (as "O for example) are good tools for the quantification of run-off 
and infiltration, but their transfer through the vadose zone must be described. By 
using the tension disc infiltrometer along with conservative tracers, a simple 
determination of both unsaturated hydraulic characteristics and solute transport 
parameters is possible. The unsaturated hydraulic conductivity, K, and the effective 
mean pore size, X„ are obtained using the transient analysis of the 3D infiltration 
from a disc infiltrometer, and a new approach is proposed for the identification of the 
dispersion coefficient, D, and the mass transfer coefficient, a. The combined use of 
the experimental values of C* (the concentration of solute in the soil) and 8 (the total 
volumetric water content) beneath the disc with an analytical solution of the solute 
transport provides estimates of D and a. The spatial distribution of 6 and C* shows 
the highly preferential flow under the disc. The evolution of the transfer parameters 
was investigated as a function of the supplied water pressure head. For both the 
water flow and solute transport, results show an abrupt change near saturation, as the 
consequence of a transition from a capillary-dominated to a gravity-dominated flow. 
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WATER MOVEMENT FROM SOIL TO ROOT INVESTIGATED 
THROUGH SIMULTANEOUS MEASUREMENT: SOIL WATER 
POTENTIAL, ROOT DISTRIBUTION AND HYDROLOGICAL TRACERS. 

J.M. Sanchez-Perez (1), T. Bariac (2) E. Lucot (3) and A.V. Auzet (1) 
(1) CEREG - URA 95 CNRS, ULP, Strasbourg, (2) LBI, UMR 162 CNRS - INRA 
- UPMC, (3) LSVP, Besancon. 
sanchez@equinoxe.u-strasbg.fr/Fax:+33-388-411359 

Water flow in the soil-root-stem system was studied in an alluvial flooded forest 
ecosystem under natural conditions. This study was undertaken to identity the 
origin of water taken up by trees in a system where the groundwater is at a depth of 
less man lm. The root distribution of the three species was analysed. The isotopic 
signal ("O) of soil, root and stem was monitored for Quercus robur and Populus 
alba. We attempt to establish a relation between the root density and the isotopic 
composition of water of stem and soil at different depths down to the groundwater 
level. The root density of the oak was maximal at a depth between 0.20 and 0.60 m 
whereas the roots of the ash colonize the surface horizon (0-30 cm). Isotopic signal of 
stem water is constant along the day, which leads to suppose that the absorption of 
water by plants is realized at a relatively constant depth. From the comparison 
between isotopic composition of water in the soil and that of the plant, we conclude 
that the water is absorbed from the layers between 0.40 and 0.60 m deep, which is 
in good agreement with the distribution of oak roots. The surface layers and the 
capillary zone do not participate to the water uptake by the oak. 

TRANSPORT PARAMETER IDENTIFICATION 
THE SENTINEL METHOD 

APPLICATION OF 1 
M.-E Stoeckel (1), C. Poulard (2), R. Mös^(l) and P. Ackerer (1) 
(1) Institut de Mecanique des Fluides, Strasbourg, (2) Ecole Nationale du Genie 
de l'Eau et de l'Environnement, Strasbourg 
stoeckel@imf.u-strasbg.fr/Fax: 00-333-88-61-43-00 

Predicting the future extent of a pollutant plume or testing several remediation 
techniques needs transfer modeling. Missing pollution parameters, such as exact 
source location, pollution mass flow and dispersivity, can be estimated with a 
parameter identification, such as the Sentinel method. This method was applied to 
groundwater pollution parameter identification. 
Two different algorithms to apply the Sentinel Method can be used : the direct or 
the iterative one. First the inverse problem was solved in the linear case to estimate 
pollutant mass flow and/or initial concentrations. The direct method was compared 
with the more classical least squares methods. Then the non-linear case was; 
studied to recover the source coordinates and/or the dispersivity. 
Numerical tests were conducted on the Rhenan aquifer south of Strasbourg. The 
Sentinel method recovered mass flow with respect to the time and pollution source 
location, first separately and then simultaneously, for different cases. Results show 
how estimation reliability depends on available observations. More generally, 
these tests can help choosing relevant observation points location and pointing out 
the advantages and limitations of the Sentinel Method for groundwater pollution 
problems. 

DYNAMIC DRAINAGE AREA AND SPATIALLY VARIABLE 
PRECIPITATION INPUTS WITHIN THE TOPMODEL FRAMEWORK. 

G.M.Saulnier (1), R-Datin (1) and Ch.Obled (1) 
(1) L.T.H.E., B.P. 53, FR - 38041 GRENOBLE Cedex 9, FRANCE Fax: (+33) 476 82 
52 86 saulnier@hmg.inpg.fr 

The recent widespread availability of digital terrain data has resulted in an increasing 
use of variety of hydrological models of different degrees of complexity. The 
physically based distributed TOPMODEL framework has been shown to be able to 
predict, with a reasonably good quality, the process of runoff on saturated areas, that 
is the predominant process for flood generation on catchments with significant 
topography. It is based on the concept of topographic index of hydrological similarity, 
which can be roughly expressed as the ratio between the upslope drainage area and the 
local slope. In this presentation we explained how we relax some limitations of the 
model such as the assumption of a non spatially variation of the recharge of the water 
table and the use of a map of drainage area that is usually assumed to be constant in 
time. This work and the correspondence we make with previous fields and numerical 
studies done in our team conduct us to submit a scheme of hillslope behaviour with 
two types of lateral drainage with different dynamics, one for the runoff process and 
one for the deeper hillslope water table. We hope this extends the applicability of the 
TOPMODEL framework for wetting up or drying periods, and will be a efficient 
numerical tool to help us in identifying at which time and space scale the hydrological 
systems are sensitive to spatially variable precipitation inputs. 

SIMULATION OF CONVECTIVE RAINFALL OVER URBAN 
AREA 

J.Thielen (1), J,D.Creutin (1) 
(1) L.T.H.E., B.P. 53, FR - 38041 GRENOBLE Cedex 9, FRANCE 
Fax: (+33) 476 82 52 86 thielen@hmg.inpg.fr 

A high resolution 3D mesoscale meteorological model has been used 
to simulate convective rainfall over an urban catchment near Paris. 
Subsequently, an urban hydrological model, calculating surface 
processes as well as discharge processes, has been initialised with the 
simulated rainfall data. Comparison of the simulation with observed 
rainfall and discharge in the sewer system show that the coupled 
system describes qualitatively well the dynamics of the storm. 
However, quantitatively the meteorological model underestimated the 
rainfall owing to lower simulated rainfall rates than observed and due 
to unsatisfactory positioning of the rainfall fields. Sensibility tests 
performed with the meteorological model indicate that the presence of 
an urban area in the model domain influences both the rainfall 
intensity as well as the position of the rainfall field. Therefore the 
treatment of the lower boundary condition should take into account 
the presence of urban surfaces in mesoscale meteorological models. 

NUMERICAL SIMULATION OF THE MIGRATION OF TRICHLOR- 
ETHYLENE IN A LARGE SCALE BASIN 

G. Schäfer (1), P. Le Thiez (2), M. Quintard (3) and O. Razakarisoa (1) 
(1) Institut de Mecanique des Fluides-UMR 7507 CNRS-ULP, IFARE, Strasbourg 
(2) Institut Francais du Pitrole, Rueil-Malmaison, (3) LEPT-ENSAM, Bordeaux 
schafer@imf.u-strasbg.fr / Fax: + 33 - 3 88 10 67 95 

The simulation of 14 liters of trichlorethylene (TCE) released in the vadose zone of 
the large scale basin SCERES (Site Contröle Experimental de Recherche pour la 
Rehabilitation des Eaux et des Sols) was studied using two numerical multiphase 
flow simulators: SIMUSCOPP (developed at IFP) and SWANFLOW (prepared by 
GeoTrans Inc for EPA). The goal of the multiphase modeling was the description 
of the potential lateral and vertical extent of the TCE impregnation body and its 
migration velocity, which depend strongly on the chosen injection flux, the fluid 
properties and the pore size distribution of the porous medium. The sensitivity of 
the dominant parameters have been evaluated. The numerical studies showed, that 
the capillary forces do not increase significantly the lateral extent of the TCE body. 
However, the estimated residual saturations above and below the water table are 
considered to be one of the most sensitive parameters. Furthermore, the simulations 
based on experimental data and theoretical approaches underline the role of the 
relative TCE permeability on the infiltration velocity and the equilibrium state in 
the vadose zone. The comparison of the numerical results with the experimental 
data indicates some differences in the flow behavior which might be attributed to 
the effect of local heterogeneities (due to filling procedure) in the homogeneous 
sand of the SCERES basin. 

FIELD CHARACTERIZATION OF THE RELATIONSHIP BETWEEN 
ELECTRIC FIELD AND SOIL WATER FLUX IN VADOSE ZONE 
J.L.THONY1, P.MORAT2,0.VACHAUD1 et J.L. LE MOUEL2 

'Laboratoire d*etude des Transferts en Hydrologie et Environnement, LTHE, 
CNRS- UMR 5564, Univ. J. Fourier, Inst. Nat. Polyt.Orenoble 
BP 53,38041 Grenoble Cx09 

2Laboratoire de Geomagnetisme 
Institut de Physique du Globe de Paris, CNRS URA 729 
4 place Jussieu, Case 89,75252 Paris Cx05 

Due to electrokinetic phenomena, fluid flow in porous material produces electric 
fields. A field experiment was performed to quantify independantly the soil water 
movement and the electric field induced by this soil water transfer. 
Electrical potential differences between electrodes installed vertically at 4 depths 
(0.3, 0.5, 0.7 and 0.8 m) were monitored continuously during a ten day period 
following a rainfall event in a measurement site under natural fallow. 
Simultaneously, changes of soil water content and of hydraulic head were measured 
on a daily basis at different depths of the soil profile in the same site . They were 
analysed to obtain daily values of the soil water flux at the depth z = 0.4m. At that 
depth the water flux was first oriented downwards (infiltration), then shifted 
progressively upwards (evaporation). It is clearly shown that there exists a very 
significant linear correlation between the electric potential gradient at that depth 
and the value of the flux. Probably due to so called electrode potential, there is a 
residual potential gradient when the flux is null. In any case the results show how 
promising electrode measurements could be to infer water circulation in the vadoze 
zone in terms of both direction and amount of water flow. 
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TRANSPORT OF HERBICIDES IN RUNOFF WATER IN A FARMED 
MEDITERRANEAN CATCHMENT 

M, Voltzf». B. Lennattz (2), X. Louchart (1) and P. Andrieux (2) 
(1) Laboratoire de Science du Sol, INRA, place Viala, 34060 Montpellier Cedex, 
Fiance; (2) Institut für Wasserwirtshaft, University of Kiel, 24118 Kiel, Germany 

The Mediterranean climate is characterized by a hot and dry summer where 
occasional storm events induce erosion and runoff. This induces a high leaching 
potential of pesticides to surface waters. In 1994 and in 1995 we monitored runofl 
discharge and concentrations of the two soil applied herbicides diuron and simazine 
at the outlets of a 91 ha catchment located in southern France and of two field sites 
- one tilled and one no-till - cropped with vine. Pesticide losses at the field scale 
depended primarily on runoff volume and intensity. In 1994 despite a time lag of 
140 days since chemical application, diuron concentrations in overland flow during 
the first runoff event exceeded 200 ug L*1. In 1995 a single runoff event carried 
more than 87 % and 60 % of the respective seasonal simazine and diuron losses, 
although it accounted for less than 17 % and 7 % of the total runoff volume at the 
no-till and tilled site, respectively., seasonal herbicide loss during 1995 was 1.71 % 
of applied diuron and 1.25 % of applied simazine at the no-till site, and 0.68 % and 
0.79 % respectively at the tilled site, reflecting differences in runoff volume 
between sites. At the catchment scale, herbicides losses were almost ten times 
smaller than at the field scale, due to reinfiltration processes. Event average 
herbicide concentrations over time followed an exponential decay equation. The 
decreasing water availabilty with time compared to the herbicide content at the soil 
surface were assigned to an increasing adsorption with time. 

A PHYSICALLY-BASED APPROACH FOR ESTIMATING WATER 
RETENTION CURVE SHAPE PARAMETER. 

C. Zammit. F. Bouraoui, R.Haverkamp, E. Gonzalez-Sosa, R. Angulo 
Jaramillo (Laboratoire des Transferts en Hydrologie et Environnement, UMR 
5564 CNRS UJFINPG; LTHE, BP 53,38041 Grenoble cedex 9, France) 

To describe water content transfer, in the unsaturated zone of soils, 
knowledge of the soil hydraulic properties is required. Different functional 
relationships can be chosen for the description of: a) the relation between soil 
water pressure (h) and volumetric water content (9) and b) the relation 
between hydraulic conductivity (K) and volumetric water content (6). Full 
description of the classical water retention curve, h(6), and the hydraulic 
conductivity relation, K(8), is defined by the knowledge of 5 unknown 
parameters. Although several methods (in situ measurements, pedotransfer 
functions) have been described in literature for estimating these soil 
characteristics, most of these methods rely on statistical regression. 
A physically based approach for estimating the shape parameters of water 
retention curve is presented. Based on the concept of geometrical scaling, the 
cumulative particle size distribution function is related to the cumulative pore 
size distribution and subsequently to the main wetting curve. The later 
function is associated to the main drying curve (condition under which water 
retention function is usually measured) through the theory of hysteresis. This 
method was tested successfully on an extensive international database. 

COMPARISON OF MIXING-LAWS MODELS ON SOILS TDR 
MEASUREMENTS DATA. 

T.Zakri(l),JLEJjUi£ut(l), 
(1) LTHE, UMR 5564 CNRS-INPG-UJF-prstom, Grenoble. 
jean-paul.Iaurent@hmg.inpg.fr/Fax:+33-4-7682-5286 

The problem of TDR calibration - relationship between dielectric constant K and 
water content 8 - can be treated using « mixing-laws » models. Generally speaking, 
these are analytical expressions which relate, in this case, the bulk dielectric constant 
to the proportions and individual dielectric properties of each phase. They are always 
established assuming some kind of idealized structure. Numerous models can be 
found in the literature and some of them - like the « a model», for example - are 
already used for TDR-calibration purposes. First, in the frame of the effective 
medium theory, we have defined four main types of models that could be used and 
we suggest a general formulation for them with only two parameters. Then, a set of 
natural soils and minerals has been selected and, for each, the K(8) relation has been 
measured by TDR on a wide range of water contents. All die models have been 
adjusted on this database and the errors have been analyzed. At this end of this 
work, die a model appeared to fit the results slightly better than the others. A 
estimation formula for the a parameter as function of the bulk density is proposed. 
To go further than this empirical approach in order to predict the value of a, we 
have also considered the dispersive behavior of the soil : evolutions of the real and 
imaginary parts of its dielectric constant versus frequency. 
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Convener: Bathurst, J.C. 
Co-Convener: Quaranta, G. 

DECISION SUPPORT SYSTEM FOR THE AGRI BASIN, ITALY 

J. C. Bathurst (1), X. Leng (1), C. Mulcahy (2) and J. Sheffield (1) 
(1) Water Resource Systems Research Laboratory, Department of Civil 
Engineering, (2) Centre for Land Use and Water Resources Research: 
University of Newcastle upon Tyne, Newcastle upon Tyne, NE1 7RTJ, UK 
j.c.bathurst@ncl.ac.uk/Fax: + 44 191 222 6669 

The past development of models relevant to the study of desertification 
has tended to consider the physical and socio-economic controls 
separately, with little allowance for feedback and interaction between 
them. Within the MEDALUS project the University of Newcastle upon 
Tyne is therefore building a Decision Support System (DSS) for the Agri 
basin (1532 km2) in Italy. This integrates hydrological, sediment yield, 
vegetation growth and socio-economic (farmer response) models, and a 
database containing climate, physical and socio-economic data according 
to a range of scenarios, into a single tool to aid decision making. Feedback 
between the models will be primarily output on land use changes (farmer 
response) from the socio-economic model and water availability and crop 
yield in return from the physical models. Typical issues which the DSS 
will address are: the desertification consequences of specified climate 
scenarios, within a context of fixed agricultural policy (especially crop 
subsidies); and the sustainability of a land use or agricultural policy for a 
given climate scenario. The talk will describe the aims, design and future 
use of the DSS. 
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MOUND-PLANT ASSOCIATIONS IN A PATCHY MEDITERRANE AN 
MATORRAL. 

Rochet E.uf Poesen. J.1; Rubio, JA.1 

1. Cent» de Investigaciones sobre Desertification • QDE (CSIC, Universidad de 
Valencia, Generalität Valcndana). Caml de la Marjal s/n. Aptdo Oficial. 46470 
Albal (Valencia). Spain. Fax. 34-6-1270967, E-mail: EsftcrBochet@uv.es 

2. Laboratory for Experimental Geomorphology. Kamolieke Umversiteit Leuven. 
Redingenstraat, 16.3000 Leiiven. Belgium. 

In the Meditenanean legion, matorral communities often pteaent a discontinuous 
cover, where isolated perennial plants alternate with bare inter-plant areas. In such 
ecosystems, the patchy distribution of me vegetation is usually associated with 
microtopographic sequences of mounds mat develop under isolated plants and break 
me general slope continuity. 
In this study, the influence of isolated plants of three representative species of die 
Mediterranean material (Rasmartnus affidnalis, Slipa ttnaebsima and Anthyttis 
cytisoldes) on »lope microtopography is determined and the processes that take part 
in the development of microtopographic structures beneath die plant canopy are 
identified. The influence of slope, plant species and plant parameters on the shape 
andhrightofrnicrotopograpMeswrturesisalsoatiidied. 
The results obtained show mat plant species and slope angle play both a major role 
in the shape and height of the microtopographic structures. Plant parameters, 
essentially roughness, influences highly soil surface rise under plants. Four main 
processes participate in mound development in nie field site: sedimentation, 
differential mtcrrill erosion, differential splash erosion and bioluibatlon. 

(MIXTURE MODELLING METHODS TO ASSESS VEGETATION 
JMULTITEMPORAL CHANGES IN GUADALENTfN BASIN 
(MEDALUS-m PILOT AREA, SE SPAIN) 

M.A. Gilabert. F.J. Garcfa-Haro. M.T. Yonnia and J. Meliä 
Departement de Termodinämica, Facultat de Ffsica, Universität de 
Valencia, Spain 
E-Mail: MAmparo.Gilabert@uv.es 

Spectral Mixture Modelling has demonstrated to be a Buitable tool for 
analysing the biophysical and compositional character of ground surfaces. 
We have focused both in the so called Spectral Mixture Modelling and in the 
development of a Non-Linear Mixture Model that describes the reflectance 
of the canopies from biophysical parameters of vegetation, such as optical 
properties of soil and leaves, vegetation fraction and canopy structural 
parameters (LAI, LAD, etc.). 
The different modelling procedures provide an immediate computer 
interpretation of surface composition and have been applied to evaluate the 
inter-annual changes of the natural vegetation cover types in the 
Guadalentfn Basin, a MEDALUS-III pilot area (SE Spain). A series of six 
Landsat-TM images covering the period from April 93 to May 94 was 
employed. The images were radiomerrically corrected to guarantee their 
comparability. 
The study shows the influence of the vegetation type (Rosemarinus, stipa, 
disperse matorral or pine forest) and the altitude, which play an important 
role in the dynamics of vegetation. 

1 

SOTL REHABILITATION WITH ORGANIC AMENDMENT: EFFECT ON 
SOIL STRUCTURE AND MOISTURE CONTENT 

E.Diaz (1), M.A Ibaflez (2), V. Castillo (1) and J. Albaladejo (1) 
(1) CEBAS-CSIC, Avda. de la Fama, 1    30080 Murcia +4468215717 
fax:+4468266613 
ediaz@natura.cebas.csic.es 
(2) DAM Depuradora de Alboraya, Poligono 3, calle 13 S/N Alboraya Valencia 

Soil moisture and percentage of stable aggregates were studied in five experimental 
plots with single additions of 0, 6, 12, 18 and 24 Kg.m"2, respectively, of urban 
refuse (UR). Plots were located in the S.E. Spain. 
One year after addition, the soil moisture increased with the dose of UR, being the 
differences among the plots statistically significant. Two years after addition, the 
increase was maintained in three plots with the higher dose and no significant 
differences were found between the control plots and the lowest dose. Nine years 
after addition, the control plot showed the highest moisture content decreasing in 
the treated plots as increasing the dose of UR. 
The percentage of stable aggregates also increased with UR dose just after addition. 
Nine years after, the effectfvity of UR showed a decay as regard to the first years but 
the improvement of soil structure still subsist. 
The evolution of soil moisture and the permanence of soil structure improvement 
might be attributable to the effect of the vegetation grown in the treated plots 

A DEAD-ZONE MODEL FOR FLOW OVER ROUGH HTLLSLOPES 

M.J. Kirkby and MX. McMahon 
School of Geography, University of Leeds, UK 
mike@geog.leeds.ac.uk/Fax +44-113-233-6758 

The MEDRUSH model, developed within the EU MEDALUS project to simulate 
desertification for areas of up to 2000 km2, uses a set of hillslope flow strips at its 
highest level of resolution. Surface Roughness within the flow strip model is 
represented by cross-slope and down-slope roughness elements. Cross-slope random 
or regular (plough furrows etc.) roughness elements concentrate flow and sediment 
transport along depressions, and rougher surfaces generate greater sediment transport 
Down-slope roughness elements create closed depressions within random linear flow 
paths, behind plough ridges and at terrace borders. They are represented as a 
distributed dead zone of zero flow, using a model which has proved effective in rivers 
draining areas of up to 10 km2. Above the dead zone, flow is treated as of constant 
velocity. This model gives a strongly non-linear relationship between mean stage and 
discharge, but with a constant kinematic routing velocity. Although clearly a 
simplification, this 2-parameter model of the surface is able to satisfactorily reproduce 
many of the features of overland flow hydrographs. 

EVALUATION, AT MUNICIPALITY LEVEL, OF THE EFFECTS OF 
DIFFERENT ECONOMICAL ISSUES ON THE ENVIRONMENTAL 
SENSITIVITY OF MEDITERRANEAN AREAS BY INTEGRATED USE OF 
ECOLOGICAL AND ECONOMICAL DATA: A METHODOLOGICAL 
PROPOSAL 
A. Ferrara(l) - G. Quaranta (2)   (1) (2) University of Basilicata, Potenza, Italy 
Fehler! Textmarke nicht definiert., Fehler! Textmarke nicht definiert., fax +39 
975 58671 

The definition of political support quality and entity as well as the kind of 
interventions to undertake in die forest and agronomic sectors is based on 
considerations that badly adapt to the different and diversified agro-forest realities 
and in other environments located on the Italian territory. This is even more evident 
in those Mediterranean areas where the fragility of the natural as well as the 
anthropic pressurised ecosystems would need a keen and adequate evaluation, based 
on punctual, objective, extensible in time and space, and repeatable analyses, within 
monitoring projects aimed to analyse and interpretate not only the existing realty, 
but also the dynamics of the changes in progress. An unbreakable commitment has 
opened to use evaluation and support systems for decision making capable to 
efficiently and easily supply not only an exhaustive framework of the different 
components of the territory mosaic, but also relationships that interact among 
themselves and above all the effects that different intervention options produce. The 
present paper at first faces the problems relative to the evaluation of the different 
sensitivity degrees of the environment in the Mediterranean and in particular in the 
Agri basin (Italy), by proposing an evaluation system as well as a simulation one of 
the effects on the level of sensitivity of different intervention options. Successively, 
the model will be tested through two specific intervention options. 

HYDROLOGIC AND SEDIMENT RESPONSES TO NATURAL 
RAINFALL IN A DEGRADED SEMIARID AREA OF SOUTHEAST SPAIN. 

M. Martinez-Mena, V. Castillo and l.Albaladejo 
Dep. of Soil and water Conservation. CEBAS-CSIC. Murcia. Spain 
Sou@natura.cebas.csic.es/Fax 34-68-26 66 13 

Soil erosion by water is considered to be one of the most important key 
degradation processes in Mediterranean environments. A deeper knowledge of this 
process is essential for planning effective, appropriate soil conservation and water 
measures in these areas. Two experimental zones (300-750 m2), representative of 
an extensive degraded semiarid watershed in the SE of Spain, were selected and 
monitored during 3 years to provide information on the hydrological and erosional 
response. A pluviogram and hydrograph recorded at 1-minute intervals were 
obtained for each storm. Total soil loss was manually collected and particle size of 
the sediment was analysed in each event High variability in the response was 
found between and within areas. Runoff response oscillated between 0.12-8 hours, 
low threshold of rain necessary to generate runoff and sediment (3.6-6 mm), 
runoff coefficients of 10% and high sediment production rate (0.08-0.30 Kg m' 
2.year'') were the general behaviour observed in the experimental areas. 
Differences in the soil physical (texture, bulk density, aggregate stability, porosity) 
and hydraulic properties (hydraulic conductivity, infiltration rate) found between 
the two areas lead to differences in the runoff, erosion and rainfall relationships in 
each area and therefore explained the variability in the response. A greater 
proportion of finer particle in the eroded material compared to the matrix soil 
indicated selective erosion and transport of finer material in these areas. 
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THE USE OF MIXTURE MODELS IN LAND DEGRADATION PARAMETER 
ESTIMATION FOR SURFACE MODELLING 

AretiMizara 
Department of Geography, King's College, Strand, London, WC2R 2LS 
a.mizara@kcl.ac.uk 

The Mediterranean climatic conditions and extensive lack of vegetation cover, has 
resulted among others, in soil being heavily eroded. Erosion is one of the main causes 
of land degradation and consequently desertification resulting in crop damage, loss of 
livestock, and even migration from the affected area, to more fortunate destinations. 
Lesvos is an island lying in the NE Aegean sea. The history of the island has shown 
that human intervention has set the environment under desertification threat Research 
is underway (MEDALUS III project) to collect and study all relevant data for 
identifying the Environmentally Sensitive Areas, by determining soil, vegetation, 
climate and management qualities. Thematic Mapper satellite data can seriously 
contribute in defining ESAs, providing vegetation cover and type, and soil status 
maps. Instead of any other traditional method for retrieving vegetation and soil status, 
another approach was adopted by using spectral unmixing. Five pure spectral 
endmembers were chosen based on the complexity of the land surface components and 
those were, green and dry vegetation, rock, soil, and shade. All endmembers were 
selected with no previous knowledge of their spectrum, by applying a PCA analysis to 
the data. Wet and a dry season images were then linearly unmixed and the resulted 
proportion maps of the unmixed components were tested for their accuracy with the 
help of ground reference measurements depicting percentage cover of each surface 
component 

FIRES, SOIL DEGRADATION AND EROSION IN SMALL 
MEDITERRANEAN RIVER BASIS 

P. Solari (1) and F. Siccardi (1) 
(1) CIMA - Environmental Monitoring Research Centre, University of Genova, 
Italy. 

Organic matter content in soil results from the balance among primary produc- 
tivity and leaflitter production, leaflitter decomposition, and abduction by rain- 
fall events. The loss of wooded areas because of unwise management or natural 
accidents can condition this balance. Fires are particularly effective in causing 
vegetation destruction and soil exposure; moreover fires have some marked ef- 
fects on physico-chemical characteristics of soil, since destroying organic matter 
in surface layers they alter permeability, porosity, aggregate stability and then 
erodibility of hillslopes. Surface runoff is also increased. Burnt areas of a small 
Ligurian river basin were identified over a period of 15 years, from 1982 to 
1996. Recovery rate of vegetation cover and restoration of the original organic 
content and then of biotic control over erodibility in burnt areas were evalu- 
ated at the local scale. Decomposition tests and collection of leaves by traps 
to measure leaflitter production were also performed. Experimental evidence 
suggests that non-linear interaction between forest fire processes and extreme 
rainfall processes in small semiarid Mediterranean watersheds could leave to 
irreversible local desertification conditions. 

ACRO-ENVIRONMENTAL MEASURES AND SOIL CONSERVATION: RESULTS IN SOME AGRICULTURAL 
ITALIAN AREAS 

SJJupna (1) - A. C«sieri (2) - O. Maroeta (2) 
(I) University of Basilicata, Potenza, Italy, quaranta@unibas.it. (2) National Institute of Agricultural 
Economics, Rome, Italy, acasier@tin.it 
The economic tools are increasing their weight in the environmental policy of the European Union. 
The Fifth Program of Environmental Action, close to the provisions constraints, it entrusts to the 
tools of market incentives and constraints the assignment of getting deeper in the productive system 
the external effects of the productive activities that revert on the surrounding. Beginning from the 
1992 the European Union has fixed a strong push to the definition of an agro-environmental policy 
with the approbation of the Reg. 2078. Bome as a measure of accompaniment to the reform of the 
Agricultural Common Policy, this Reg. is assuming an importance that goes beyond of the function 
that it has been attributed among the finalities. In substance the Reg. 2078 constitutes a form of 
voluntary and conditioned support in base to which the producers sells some rights on the custom of 
the natural resources in change of a compensation for a lack of income. In Italy the application of 
this Reg. has suffered delays due in part to the character strongly innovating of the measures 
proposed in the national context and in part due to lack of co-ordination of the initiatives to national 
level, information generally insufficient and ineffective, under-valuation of the potentialities of the 
measures for the disadvantages zones where the soils are at very risk of deterioration. The research 
has demonstrated in fact that the success of this type of initiatives doesn't depend only from the 
definition of a report balanced among financial incentives destined to the farmers and imposition of 
technical limitations or environmental required amelioration. This is a necessary condition but not 
always sufficient for the diffusion of the practical eco-compatible is remarkable. Sociological factors 
and structural characteristics of the family-farms and organisational factors concerning the 
interactions among the subjects directly involved in the realisation (farmers, extension services, local 
board) contribute in equal measure to give effectiveness to the agro^nvironmental programs. 

LATE HOLOCENE CLIMATE CHANGE AND HUMAN 
IMPACT IN THE SEMIARID EBRO BASIN RECONSTRUCTED 
FROM LACUSTRINE RECORDS 

BValem-Oarcfafn. A. Delgado-Huertas (2), A. Navas (3), J. Machfn (3), & K. Kelts 
(4) 
(1) Institute Pirenaico de Ecologfa CSIC, Apdo 202, 50080 Zaragoza, Spain. (2) 
Estacion Experimental del Zaidin CSIC, Prof.~ Albareda 18008 Granada, Spain. (3) 
Estacion Experimental de Aula Dei, CSIC, Apdo 202, 50080 Zaragoza, Spain. (4) 
Limnological Research Center, U of MN, 220 Pillsbury Hall, Minneapolis MN-55455, 
USA. 

ivo.mizar.csic.es 

The central Ebro Basin is the most northerly area of truly semi-arid climate in Europe. 
The long history of human occupation in the area has contributed to the 
transformation of the landscape. Pollen records, geomorphologic analyses, 
archeological surveys, and, recently, lake levels studies have been used to evaluate 
and identify the role of human and climatic factors. Some changes in the pollen 
records have been interpreted as deforestation and anthropogenic disturbance. 
However, other periods do not show a clear relationship between human population 
and landscape degradation. The discrimination of human impact versus climate needs 
a multidisciplinary research strategy and high resolution chronologies. The endorheic 
areas in the Ebro basin provide such an opportunity because these hypersaline 
lacustrine systems are highly sensitive to changes in the hydrological balance and 
catchment processes. Sediment cores from two lakes were selected and analysed using 
sedimentological, geochemical, stable isotope, and dating radiometric techniques. 

SOIL SURFACE SEALING ON ABANDONED FIELDS IN THE SEMI- 
ARID MEDITERRANEAN - A PROCESS ORIENTED STUDY ON LAND 
DEGRADATION USING THIN SECTIONS UP TO LARGE-SCALE 
AERIAL PHOTOGRAPHS 

J.B. Ries. U. Hirt (Institut für Physische Geographie, Johann Wolfgang Goethe- 
Universität Frankfurt am Main, Senckenberganlage 36, D-60325 Frankfurt am M., 
Germany) 

Surface crusts are a frequent phenomenon on fallow land in the semi-arid Ebro 
Basin and an important factor for land degradation. Soil surface sealing leads to a 
decrease of infiltation rates and by increased runoff to expanded sheet wash and 
rill erosion. 
After ploughing, surface crusts developed in dependency of micro and meso relief 
and the amount and intensity of rainfall events. By its impact energy and by the 
bursting of soil particles, the impact of raindrops onto the ploughing rows results 
in splash effect on the soil surface. Additionally, slaking is caused when the soil 
surface is moistened. Thus, structural crusts are formed. 
In the ploughing furrows, sedimentary crust build up from eroded material. In 
these crusts, a platy structure develops depending on the factors time and fre- 
quency of moisturing and drying. With the surface crust sealing off the plates 
against the outer air, the hollows between the plates expand to elliptical vesicles 
which are all but closed. The compacted soil reduces infiltration capacity. 
The increased runoff on surface crusts was quantified by rainfall simulation 
experiments. The spatial distribution of crusts is documented by large-scale aerial 
photography; their structure and development were analysed with thin sections. 

VEGETATION MULTTTEMPORAL VARIATION USING NDVI FROM 
LANDSAT-TM IMAGES IN A MEDALUS-HI PILOT AREA 
(GUADALENTiN BASIN, SE SPAIN) 

MT. Younis. MA Gilabert, F. J. Garcfa-Haro and J. Meliä 
Departament de Termodinämica, Facultat de Ffsica, Universität de 
Valencia, Spain 
E-Mail: younis@uv.es 

The multitemporal evolution of the vegetation in a MEDALUS-III pilot area 
(Guadalentfn Basin, SE Spain) was studied using Landsat-5 TM imagery 
from April 93 to May 94. The images were geometrically and 
atmospherically corrected. A further topographic correction was also applied 
using the non-Lambertian Minnaert reflectance model. 
The study of the variations for the dominant vegetation types (Rosemarinus, 
srjpa, disperse matorral, bare soil pine forest and almond grooves) was 
carried out by means of NDVI images and taking also into account an 
updated vegetation map (obtained from image classification) and DTM (30m 
resolution) derived parameters (altitude, slope and aspect). 
The study shows that the influence of the altitude and aspect on NDVI 
changes is of major importance for the natural vegetation classes. Those 
changes are hardly sensitive to slope influence. 
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HYDROLOGICAL REPONSE OF A LITTLE MEDITERRANEAN 
BASIN FLOWS AFTER FIRE 

J. Lavabre (1), P^Ajnausi (1), N. Folton (1) and C. Michel (2) 
(1) Cemagref BP 31, Le Tholonet, 13612 Aix-en-Provence, (2) Cemagref 
Pare de Tourvoie BP 121,92185 Antony Cedex 
patrick.arnaud@cemagref.fr / Fax : +334 42 66 99 58 

Since 1967, rainfall and flow data were recorded on the little basin of 
Rimbaud. In 1990, a fire burnt 85% of the 150 hectare basin, provoking 
hydrological changes. The changes in the flows are assessed by comparing 
observations and the results of various models relating the flow to the 
rainfall, that are presumed to represent the behaviour of the basin before the 
fire. Flow modelling has been studied on different time periods. This shows 
that, during the tree years after fire, the annual flow increased by about 12 to 
15 percent with respect to the rainfall, mainly during flood periods. The 
peak flows can, however, vary to a much greater extent due to the combined 
effects of greatly increased production from the basin and reduction in 
transit time. This different behaviours have been observed on the model 
parameter values obtained before and after fire. Thus, modelling can be used 
to appreciate hydrological change of a basin, independently of its physical 
interpretations. 

EFFECT OF SEASONALITY ON FIRE CHARACTERISTICS AND 
POSTFIRE PLANT DYNAMICS IN A MEDITERRANEAN SHRUBLAND IN 
CENTRAL SPAIN 

A-Cmz (1), E. Zuazua (1), B. Luna (1) F. Fernandez (I) & J.M. Moreno (2) 
(l)Seccion de Ecologfa del Fuego, Institute Universitario de Gencias Ambientales, 
Universidad Complutense, 28040 Madrid, Spain. Tel/Fax: +34 1 5496183 E-mail: 
alcraz@eucmos.sim.ucm.es. (2) Facultad de Ciencias del Medio Ambiente, Univeisidad 
de Castilla-La Mancha, 45071 Toledo, Spain 

Although the effects of fire on Mediterranean-type shrublands have been extensively 
studied, the variability through time of plant responses to fire is still poorly known. 
These temporal variability must be considered not only between seasons but also 
between years. In this work we present data of two sets of three experimental fires made, 
respectively, in early summer and in autumn of 1997 in a Cislus-Erica sluubland in 
Central Spain. Phenology of the dominant species was studied across the year, 
including an estimation of total number of seeds produced by the different species, and 
measurements on the ecophysiological status of the plant. Temporal patterns of seed 
dispersal were also recorded. Fire intensity was estimated by means of different sensors. 
After fire, resprout production and growth were measured in several plants previously 
marked. Seedling density and dynamics were also determined. Our data indicate that 
plant responses after fire, both for seeding and resprouting responses, were strongly 
influenced by fire season 

SEDIMENT  PRODUCTION  IN  BURNED  CATCHMENTS   OF 
EASTERN SPAIN 

J. Llovet (1), S. Bautista (1), F. Giovanardi (2) and V. R. Vallejo (1) 
(1) Centro de Estudios Ambientales del Mediterräneo (CEAM), Paterna (Va- 
lencia), E-46980 Spain , (2) Dpto. Ecologia, Univ. Alicante, E-03080 Spain. 

The objective of this study.is to analyse the effect of forest fires, catchment 
structure and land-use distribution 'on sediment production. Analysis of sedi- 
ment accumulation was performed in dams for flood and sediment control. A 
first set of 7 nearby dam catchments were selected for sampling in Millares 
(Jücar River watershed, E Spain). The catchments had quite similar substrate 
and climatic conditions and all of them were affected by a large wildfire in 
1994. Dam catchment area, catchment relief, and percent of catchment area 
under each land use were variable among the sampled catchments. Sediments 
were Sampled by cores and auger drills distributed along transects. The sedi- 
ment layers, deposited before and after the fire, were separated according to the 
presence of charcoal. Catchment characteristics were obtained from topographic 
and geological maps, aerial photography, and the engineering projects that were 
elaborated for the dam construction. The selected methods for the sedimenta- 
tion survey allow both identifying and quantifying of different sediment layers 
to be used to reconstruct sediment yield histories and the relationships between 
post-fire sediment yield and the characteristics of the catchment. Post-fire sed- 
imentation was clearly larger than pre-fire sedimentation in the area. 
This research is a part of the project Land Use Change Interaction with Fire 
in Mediterranean Landscapes (LUCIFER), funded by EC. 

THE EFFECTS OF FIRE ON HYDROLOGICAL RESPONSE ON 
SEMIARID MEDITERRANEAN SMALL CATCHMENTS 

A. Gomez-Plaza. V.M.Castillo, and J.Albaladejo (CEBAS-CSIC, Av. Fama, Apdo 
4195, 30080 Murcia. Spain. e-mail:soil@natura.cebas.csic.es) 

In order to evaluate hydrological response of burnt and unburnt areas a study is 
being carried out in Sierra del Picarcho (Murcia, SE Spain). This area was partially 
affected by a fire in summer 1994, and vegetation recovery is slow due to the scarce 
amount of rain. Three areas are studied, the burnt zone and two vegetated areas one 
of them with Slipa tenacissima and the other one with Pinus halepensis and 
Mediterranean shrubland. 
The evaluation is determined at catchment and plot scales by monitoring three small 
catchments (7.5, 6.4 and 26 has), and three pairs of experimental plots (30m.2) in 
the different studied zones. Raingauges have been installed to determine intensity 
and total amount of rain. Across transects at the three monitored catchments, soil 
samples cores were collected to determine hydraulic conductivity and simple devices 
to detect runoff at hillslopes (runoff detectors) were installed. 
The results confirm that runoff processes and sediment yield vary considerably 
between the burnt and unburnt areas, whereas in the two vegetated zones the results 
are quite similar. Runoff coefficients values at high rain intensities exceed of 50% at 
burnt sites, and less than 10% at vegetated areas. Runoff detectors showed that at 
burnt catchments the »hole hillslope contributes to runoff and sediment yield, 
whereas only some points of hillslope at unburnt catchment contribute to it. 

A generic process-based simulation model for fire-prone 
Mediterranean landscapes 
Monillot F.aZ\ Rambal S.(2) Ratte J-P.(2) & Lavorel S,(2) 
1 Biol. VEg. & Ecol., CEVAREN, Univ. Corse, F-20250 Corte. 2 CEFE-CNRS, 
F-34 293 Montpellier Cedex 05 

In the last decades, changes in land use with increase in fire occurrence lead to 
homogenize landscapes and drastically modify water and carbon fluxes in 
Mediterranean-type (MT) climate areas. Our aim in the UE project LUCIFER is to 
understand and simulate interactions of landscape change through species succession 
and fire occurrence. The fine-grain complex structure, the high occurrence of fires, 
particular traits developed by species in the early post-fire stages, and the few data 
available to parameterize models has led us to develop a model more focused both on 
Mediterranean ecosystems and landscapes. Vegetation cover change is first simulated 
at local scale. It is not an individual-based model but rather a process-based gap 
model: in one hand, species richness is simplified by classes of vital attributes of 
regeneration, life cycles and explicit resource use, in the other hand, individuals of 
each species are aggregated in 3 maturity classes. Competition between classes is 
simulated through shading effects of the upper layer on the 2 lower ones and 
partition of soil water and solar radiation available, proportional to cover and leaf 
area, influencing specific carbon budget Then, the dynamics of each pixel is included 
in the landscape by the mean of the locally variable soil water resource, solar 
radiation and air temperature. Interactions between pixels will be the result of seed 
dispersal, water runoff and eventually disturbance -fire- spread from a pixel to its 
neighbors. 
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Spatial patterns of fuel and heat liberation during fire in a Cytisus 
shrubland in Sierra de Gredos, Spain 

&_Eä£Z_(l) and J.M. Moreno (2) 
(1) Section de Ecologfa del Fuego, Institute Universitär«) de Ciencias Ambientales, 
Universidad Complutense de Madrid, Spain, (2) Ciencias del Medio Ambiente, 
Universidad de Castilla-La Mancha, Toledo, Spain 
bperez@eucmos.ucm.sim.es/Fax: 34 1 3944399 

Spatial variations in fire temperature occur within short distances, even below 1 m. 
Nevertheless, investigations addressing the spatial pattern of this fine scale variation 
are not common. Our objective was to determine, at lxl m scale, the spatial pattern 
of different variables related with the fire behavior. An experimental spring fire was 
ignited in an 8 yr. old stand in Pedro Bernardo (Avila, Spain). Cytisus siriatus 
subsp. eriocarpus was the dominant species. We measured basal stem diameters to 
estimate the prefire fuel biomass. During the fire we used temperature-sensitive 
paints and containers as sensor of fire severity. After the fire, we measured the 
minimum diameter of burned branches and we estimated the heat released from 
biomass consumed. Ceostatistical methods were used to establish the spatial pattern 
of these variables. The results show that: a) prefire biomass and heat released by the 
fire had a random pattern; b) containers and minimum stem diameter had a similar 
and definite spatial pattern; c) maximum temperature, measured by temperature 
sensitive paints, showed a gradient spatial pattern. Overall, fire severity spatial 
patterns were not prcdictible from prefire information. 

EFFECTS OF        TOPOGRAPHIC CONSTRAINTS 
REGENERATION PROCESSES  AFTER  FIRE 

ON 

O. ViedmaandJ.Melia 
Depart, de Termodinamica, Facultat de Fisicas, Universidat de Valencia, Dr. 
Moliner,   50.   46100   Burjassot   (Valencia,   Spain)    Fax:    +34-6-3642345; 
olga.viedma@uv.es 

We modeled the influence of elevation, aspect and slope on the regeneration process 
after fire in forested areas of Alicante, Spain. We used 11 Landsat TM images from 
1984 to 1994, and a DTM, 10x10m resolution, resampled to 30x30 m, to extract 
the topographic information. The initial spectral heterogeneity was reduced by 
means the topographic variable aggregation in homogeneous categories. Later, we 
analyzed the spectral behavior of the NDVI and TM bands as a function of each 
topographic category and, a multitemporal analysis of these responses made 
possible to ordinatc the landscape variability in different regions with different 
regeneration capabilities. The important role of TM5 band in the classification 
process showed that the variables characterized with this method were the humidity 
and the hydric stress of the landscape. We then applied a wetness index and a 
corrected NDVI to characterize these regions. The elaboration of "topographical 
regeneration models" involved a quantitative description of each topographic factor 
derived from a DTM as a function of their multitempora! spectral response. The 
results obtained have differentiated among areas showing different vegetation 
development under diverse conditions such as solar radiation (aspects), availability 
of soil nutrients (slopes) and humidity (elevation). 

ANALYSIS OF SPECTRAL-BIOPHYSICAL RELATIONSHIPS IN 
GARRIGUE   ECOSYSTEMS 

ajäsdma (l), A. Ferran (2), B. Duguy (2), R. Vallejo (2) and J. Meliä (1) 
(1) Depart: de Termodinamica, Facultat de Fisicas, Universidat de Valencia 
(Valencia, Spain), olga.viedma@uv.es; (2) Centro de Estudios Ambientales del 
Mediterraneo, (Valencia, Spain). 

The objectives were to asses the radiometric sensitivity to the phenological 
variations of natural vegetation and to obtain relationships between spectral 
measurements and biological parameters. To accomplish this, reflectance measures 
and vegetation properties of a garrigue ecosystem were collected throughout its 
phenological evolution by means a truck-mounted spectroradiometer in Buflol 
(Valencia, Spain). The garrigue was 6-year-old, and developed over limestones. 
Spectral measures were recorded at three weeks interval from late April until July 
of 1997. Plant cover and height and dry and wet biomass of plots were collected at 
the beginning and the end of the experimental campaign. Preliminary results show 
that phenological variations were not significantly reflected in the spectral 
responses. Considering the variability among plots, significant relationships were 
found between spectral variables and plant height, biomass and canopy cover. In 
this sense, the temporal trend was replaced by a spatial analysis in which the 
different plant characteristics of the plots were achieved by the radiometric 
measures. From these results, radiometric analysis were more sensitive to spatial 
variability than short-term temporal variability in the garrigue ecosystem. 

MAPPING  VEGETATION  REGROWTH  BY REMOTE  SENSING 
INTERPRETATE THE HYDROLOGICAL IMPACT OF FIRE 

TO 

Pascal VINE (1), Christian PUECH (1) et Jean-Michel GRESILLON (2) 
(1) Laboratoire Commun de Teledetection CEMAGREF-ENGREF, Montpellier (F) 
(2) Ecole Nationale Supeneure d'Hydraulique et de Mecanique de Grenoble (F) 

Hydrological impact of fire is interpreted using a three points method. (1) Mapping 
by remote sensing the vegetation regrowth by using SPOT images and ground data 
acquired each year since fire. A specific image processing has been developed to 
link a remote sensing model (spectral mixture) and an ecological model (vegetation 
competition). Results give for each pixel, year by year, the cover rates of bare soil 
and vegetation strata (trees, bushes, herbaceous). (2) Determining hydrological 
evolution (production and transfer) at different time steps. The analysis eliminates 
the climatological evolution by using not burnt basins as references. (3) Comparing 
vegetation regrowth and hydrological evolution after fire. 
Application concerns two small burnt basins of 1.5 km! (Massif des Maures, France) 
monitored for six years after fire. Hydrological impact of fire appears as a short 
impulsion (less than two or three years), variable in amplitude and duration for 
annual, monthly production (runoff volumes) and transfer (recession coefficients). 
Production seems to be linked to the total vegetation cover rate, and transfer seems 
more influenced by spatial position of regrowth patches within the basin. These 
results confirm the interest of remote sensing data for helping the knowledge of 
hydrological processes. 
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EFFECT OF AGRICULTURAL PRACTICES ON RUNOFF AND EROSION IN 
VINEYARD FIELDS IN A MEDITERRANEAN CLIMATE 

P. Andrieux. X. Louchart and M. Voltz 
INRA Science du Sol. 2 place Viala, 34060 Montpellier cedex 1. France 
andrieuxfl:ensam.inra.fr/Fax: +33-(0)4-99-61-23-09 

The aim of the present study is to analyse runoff and erosion processes at the field 
scale, in relation to agricultural practices. This study is part of the Allegro-Roujan 
program, the main aim of which is to measure and model water and pollutant 
transfers in the Mediterranean viticultural agrosystem. The experimental site was 
the wine-producing catchment of Roujan. on the Heraull plain (South of France). 
Two major agricultural practices were identified in the catchment: "tillage", with 
mechanical weeding between the rows, and "no tillage", with chemical weeding 
over the whole vineyard field. Overland flows and total suspended solids (TSS) 
were measured and analysed at the outlet of a tilled and an unfilled field. Soil 
characteristics of both fields were similar. Runoff was measured by pressure captors 
measuring water level in a Parshall flume. Total suspended solids were measured 
using water samplers. A first analysis revealed a clear difference in the behaviour 
of the two experimental fields, which was however apparent only for a limited time 
immediately after tilling. The difference is caused by the effect of tillage and 
progressively disappears according to the amount of rainfall fallen since tillage. A 
multiple regression analysis was performed to evaluate whether factors like amount 
of rain, intensity of rain and antecedent soil moisture, were useful in predicting 
runoff coefficient and total suspended solids. 
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PRESENT VERSUS LONG TERM SEDIMENT YIELD TO THE 
ADRIATIC SEA 

Carlo Bartolini 
Dip. Sc. della Terra, Univ. di Firenze. Italy  c.bartolini(&geo.unifi.it 

The Northern Apennine sediment yield to the Adriatic, based on suspended and (a 
few) bed load measurements, is currently rated at 0.030 km3/a. The Alpine sediment 
yield to the Adriatic is 0.013 km3/a. The total yield to the Adriatic, including the 
minor contribution from the Dinarides, is 0.050 km3/a: one cubic kilometer of 
sediments (at zero porosity) is discharged every twenty years in the Adriatic Sea. 
One may wonder whether this rate recently increased due to human impact. 
Past supply rates are inferred from the volume of deposits. The Pliocene volume has 
been corrected by adding the estimate of the underthrust sediments, while no 
correction has been attempted for the eroded marginal deposits.   The estimates of 
97.000 and 95,000 km3 for the present Pliocene and Quaternary deposits, are 
therefore slightly lower than «e volumes originally deposited. The corresponding 
net feeding rates are 0.021 (Pliocene) and 0.047 (Quaternary) km3/a. respectively. 
The relevant Quaternary increase in the feeding rate is due to the Quaternary 
widening of the Apenninic watershed and to its increased relief. 
The striking similarity between present (0.050 km3/a) and Quaternary (0.047 km3/a,) 
supply rates suggests that: ..'.■•■ 
i) the present-day impact of man as a geological agent is balanced by the relatively 
low erosion rates typical of mild climatic stages, such as the one we are living in; 

and/or that: .......    ., JJ 
ii) current methods for measuring the sediment yield of rivers lead to underrated 

Values. 

ft 

TEMPORAL AND SPATIAL CONTINUITY OF HYDROLOGICAL 
PATHWAYS WITHIN A SEMI-ARID GULLY CATCHMENT. THE ROLE 
OF SOIL MOISTURE VARIABILITY. 

„FitzicW1*. J.L., TernanO), A. Perez-Gonzalez*2). A.G., Williams*1). 
^Department of Geography.  University  of Plymouth, <2>Departamento  de 

Geodinamica, Universidad Complutense de Madrid. 
C.Fitzjohn@Plymouth.ac.uk/Fax: (01752) 233054 

The spatial continuity of runoff generation over a hillslope is critical in determining 
the effectiveness of overland flow as an eroding agent. Since soil moisture is a 
function of the soils physical and hydrologic properties, the spatial pattern of soil 
moisture may be used to identify contrasting areas of hydrologica! response and 
hence the spatial arrangement of runoff producing areas. To ascertain the temporal 
and spatial continuity of hydrological pathways within a 3.68 ha gully catchment in 
central Spain, spatiat patterns in surface soil moisture during dry and wet weather 
conditions have been recorded. During dry weather conditions, the spatial pattern 
of soil moisture was characterised by areas of relatively wet and dry soil, forming a 
mosaic of areas with contrasting hydrological response. Geostatistical analysis has 
indicated that these areas are spatially isolated and unconnected, with the effect that 
surface runoff from source areas within the catchment may be re-absorbed by 
surrounding areas which act as sinks for overland flow. Only during times of high 
intensity rainfall does widespread runoff and erosion occur during these conditions. 
In contrast during wet weather conditions, extensive saturation, exceeding a 
catchment wetness threshold, increased the spatial continuity in hydrological 
pathways. Geostatistical analysis has shown that the range in spatial correlation of 
sou moisture during this period was more than double that in dry conditions. 
Furthermore up to 50% of the gully catchments surface area may be hydrologically 
connected to a channel during wet conditions, resulting in the potential for 
widespread runoff and erosion. Management strategies may therefore aim to reduce 
the frequency of widespread connectivity by improving the soils physical and 
hydrological properties and thus raising the wetness threshold. Increasing spatial 
variation in the soils physical and hydrological properties by manipulating 
vegetation may also promote hydrological discontinuity. 
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CHANGES ON SEDIMENT AND DISSOLVED LOAD AFTER WILDLAND 
FIRE IN A MEDITERRANEAN RIVER BASIN 

Ramon J. Batalla, Universität de Lleida, Spain, rbatalla@macs.udl.es 
Maria Sala, Universität de Barcelona, Spain, sala@trivium.gh.ub.es 

On August 1994 a wildland fire occurred in the Arbücies experimental basin. 
More than 750 ha of evergreen-oaks and pines were burnt. A peaky flood 
(2.3 m3 s"1 from 16 mm h~1 of rain) took place just after fire, while five floods 
occurred until the end of autumn. Total dissolved load rose in 60% after fire 
in comparison with pre-fire values. Increments in K and S04

2- concentrations 
were 700% and 250% respectively. At the end of flooding period, mean 
concentrations reached pre-fire levels (except for K). Suspended sediment 
performed higher. Results in relation to pre-fire values showed that, a) just 
after fire concentrations increased 2 orders of magnitude, from 22 mg r1 to 
more than 2 g M and b) mean increment during consecutive floods varied 
from 600% to 2300%. Maximum concentration was 27 g I"1 for a peak 
discharge of 12 m3 s-\ which represents fifteen times former concentrations. 
Small tributaries acted as main sediment sources, contrunting up to 16 kg ha- 
1 those with 65% burnt and 65 kg ha"1 those with 100%. These values are six 
times higher than simultaneous ones at the basin outlet. Considering that 
only 10% of the area was burnt, two facts accounted for rapid and acute 
effects of fire on river load: on one side, the proximity of burnt areas to basin 
outlet and, on the other, the concatenation of six floods, the largest recurring 
8 years, immediate after fire. 

Impact of gravel-mining and land-use changes on stream channel and coaslat 
sediment supply Example of the Calvl Bay In Corsica (France) 

S. Gaillot and H. Piegay 
CNRS (U.M.R. 5600,18 rue Chevreul. 69 362 Lyon cedex 07, France) and 
Laboraloire Rhodanien de Geomorphologie, Universite Lyon II. 

Beach erosion in the Calvi Bay, Corsica, is presented for last three decades and 
explained by a reduction of gravel and sand supply from the Figarella and Fiume 
Seccu coastal streams. Assessment of the present bedtoad transport during a I in 2 
year flood and stream bed changes based on aerial photograph analysis and field 
measurements (cross-sections, long profiles, sediment size analysis) show that these 
streams deliver less and less sediments to the beach, hence explaining its erosion. Two 
main causes explain this reduction of sediment delivery : i) in-stream gravel-mining 
activities developed since the 1970's and ii) land-use changes affecting the watershed 
at the end of the 19th century. Gravel pits trapp sediments and modify channel 
geometry. An Alder forest colonised the mining site located in the Fiume Seccu 
channel, trapping most of the sand delivered by the watershed and inducing a major 
flood risk due to vegetation encroachment and increased hydraulic roughness. The pit 
located in the Figarella channel averages 600,000 m3 and corresponds to a channel 
degradation of 3 m. Channel degradation and paving are also observed a few 
kilometers upstream and downstream of the mining site due to progressive and 
regressive erosion resulting from the disruption of bedload transport and downstream 
winnoning. augmented because bed material is heterogeneous. Field measurements 
demonstrate that less than 60% of the beach sediment deficit results from mining. 
Beach erosion is also linked to decreased supply of bedload from the watersheds. 
Fluvial pattern has been simplified even in reaches which were not affected by mining. 
Multiple-channel beds have been replaced by a single channel; most of the beds 
observed on 1950's aerial photographs are vegetated in 1997. Agricultural decline at 
the end of the 19th c. is characterised by land-use changes, farming being replaced by 
spontaneous shrubby and woody patches, which to trap sediment more efficiently and 
reduce run-off. The resulting beach erosion, due to watershed and channel changes in 
coastal streams which have occurred since the end of the 19 c. is presently far from 
being under control . As mining pits should continue to trap sediments for several 
decades, decision-makars will have correct this situation by favouring natural or 
artificial sediment delivery if they intend to maintain tourist activity in the bay. 

SEDIMENT TRANSFER DURING EXTREME FLOODS: AN EXAMPLE 
FROM THE ARAS TORRENT, SPAIN 

Ramon J. Batalla, Universität de Lleida, Spain, rbatalla@macs.udl.es 
Maria Sala, Universität de Barcelona, Spain, sala@trivium.gh.ub.es 

The flood which occurred on 7 August 1996 in the Aras torrent, was triggered 
by a heavy thunderstorm with an average rainfall intensity of 250 mm h-1. This 
is a 18 km2 mountainous catchment, tributary of the Gällego river in the 
Pyrenees. The flash-flood peak was of the order of 500 ny3 s\ an estimated 
thousand-year return period for the area. As a consequence, the campground 
located on the alluvial fan at the torrent outlet was flooded causing eighty-six 
people death and many injured. Two factors can be identified as main 
responsible for the high magnitude of this event: i) in-channel steep slopes 
which produced a high velocity flood-wave (6 m s1) ensuing a highly 
destructive flood and ii) the low permeability of the soil caused by an unusual 
rainy season. Almost ho debris flows or landslides were triggered all over the 
catchment, reflecting the lack of water infiltration into the soil during the event. 
Contrastingly, mobilisation of sediment from streambed and footslopes was 
extremely high. That resulted after blocking and collapse of one bridge and the 
subsequent destruction of check dams. Prior bridge destruction, mean 
bedload rates reached 0.5 t m-1 s-'. Sediment released by bridge destruction 
produced a high density flow (1.51 nr3) with an stream power of the order of 41 
nv1 s-1. Even assuming a Newtonian-type flow, the competence of the torrent 
was enough to entrain rocks up to 10 m size, under shear stress of 10000 Pa. 
A minimum of 100,000 tonnes of sediment was exported out of the basin 
(aggradation on the alluvial fan reached 1 meter). 

RECENT MAN-MADE CHANGES IN THE FLOW REGIME OF 
THE MEDITERRANEAN WATERSHEDS OF ISRAEL 

Moshe Inbar, Department of Geography, University of Haifa, Israel, 
RSGE729@UVM.HAIFA.AC.IL 

The natural regime of water and sediment discharge of Israel western 
drainage into the Mediterranean sea has been subjected to man-changes 
since the beginning of the century. Early activities consisted in drainage of 
swamps and pumping water from rivers and groundwater. Intensification 
of agriculture and growth of population caused the increase in the use of 
most of the spring water which fed the base flow of the coastal rivers. The 
western catchment rivers of Israel Cover an area of about 11,000 km2 and 
includes 20 major streams. Hydrological data is available for a period of 
30 to 50 years and the total annual runoff is of the order of 150 million n)3 
flowing mainly during floods in the winter rainy season. During the last 30 
years, with the construction of dams and a large number of multipurpose 
water reservoirs, the water and sediment transport regime of most of the 
rivers has been drastically changed. The total capacity of the dams and 
reservoirs is about 80 million m3, and it is assumed that more than half of 
the sediment production of the different watersheds which were delivered 
to the sea are deposited in the reservoirs. 
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QUANTIFYING THE EFFECT OF HISTORIC LAND USE CHANGE ON 
SEDIMENT YIELD IN THE RUHAMA BASIN, NW NEGEV, ISRAEL 

J.B. Laronne m. I. Seydell (2) and U. Rozin (3) 
(1) Ben Gurion University. Israel, (2) Technische Universität Darmstadt, 
|3) Soil Conservation and Drainage Division, Israel Dept. Agriculture 
jonathan@river.bgu.ac.il / Fax: 972 7 6278991 

In the Ruhama Reservoir no spilling ever took place due to the high infiltration on the 
sandy loess soils throughout the 4.2 km2 basin and in the 1952 constructed reservoir. 
The reservoir has had a 100 % trapping efficiency. Since the 50s there has been a 
constant decrease of grazing lands in the north western Negev in an attempt to 
conserve soil: areas have undergone bank stabilisation contour plowing and other 
conservation measures. In a previous research it was demonstrated that river banks 
have been naturally stabilized and river widths have been decreased, but the 
quantifying of soil loss has not yet been undertaken. We have done this in a novel 
manner, by calculating not only the total mass of sediment deposited in the reservoir, 
but also by identifying event layers, dating some of them, and thereby calculating 
deposited volumes during selected periods. The calculations is based on two separate 
procedures - krigging using the program SURFER and a geometric Thiessen polygon 
approach; the volumes are similar. We demonstrate that sediment yield has been 
halved from 153 to 68 t/ km2 yr. Defining the exceedance probabilities of individual 
larger events during each of the periods shows that the decrease is due to a smaller 
frequency of occurrence of medium sized sediment-depositing events. This decrease 
is attributed to conservation measures. However, the daily rainfall record also raises 
the issue as to the extent whether this decrease in soil loss does not in part owe its 
existence to changes in temporal rainfall pattern. 

SOIL EROSION AND REHABILITATION AFTER 
REFORESTATION 

L. Ortigosa (I) and J.M. Garcfa-Ruiz (2) 
(1) Dept. of Geography, University of La Rioja, Logrono, Spain. (2) Instituto 
Pirenaico de Ecologfa, Camps de Aula Dei, Apartado 202,50080-Zaragoza, Spain. 
humbcrto@gustavo.mizar.csic.es 

Both reforestation and control woks have been the mos important strategies for land 
reclamation in soil eroded and degraded areas of Spain. In general, middle mountain 
areas have been used as agricultural and grazing land for centuries, and this is why 
they are occupied by abandoned fields and open shrubs, locally affected by intense 
erosion processes. Many of them have been reforested using different techniques 
and with very heterogeneous results. In this paper the hydrological and 
geomorphological consequences of afforestations are studied. The results obtained 
show that these effects mainly depend on the techniques used, on the topography 
and on the previous erosive state of the hillslope. The use of hollows anf furrows 
reduces considerably soil erosion, while the use of bulldozer terraces does not 
improve sediment yield. 

LAND-USES AS DIFFERENT SOURCES OF SOLUTES IN 
MEDITERRANEAN MOUNTAIN AREAS: AN EXAMPLE 
FROM THE CENTRAL SPANISH PYRENEES 

T. Lasanta and J.M. Garcfa-Ruiz 
Instituto Pirenaico de Ecologia, Campus de Aula Dei, Apartado 202, 50080- 
Zaragoza, Spain 
humberto@gustavo.mizar.csic.es 

In the Aisa Valley Experimental Station nine different land-uses have been 
reproduced in closed plots (30 square metres in size), including dense shrub cover, 
meadows, cereal crop, fallow land, abandoned land, shifting agriculture and burnt 
shrub cover. During five years information has been obtained from runoff, 
suspended sediment and solute concentration, allowing us to know the 
hydromorphological functioning of hillslopes during the so-called traditional 
management system and nowadays, and to discriminate the most important sources 
of sediments. In this paper solute concentration data during two years (1996 and 
1997) are analyzed. The results show the dramatic influence of human activities: 
The highest losses of nutricntes are yielded by the cereal plot, to which chemical 
fertilizer is yearly added to make sustainable the productivity. Other high solute 
concentrations come from the fallow land plot, from shifting agriculture and from 
the burnt shrub plot (during the first year after fire). On the opposite, dense shrub 
cover and meadows loss few nutrients, confirming the moderate outputs of both 
runoff and suspended sediments. The paper concludes that in mountain areas the 
cultivation of hillslopes is not a recommeded strategy for soil conservation. 

DROP SIZE DISTRIBUTION FROM SIMULATED RAIN MEASURED WITH 
AN OPTICAL SPECTRO PLUVIOMETER 

C. Salles, J. Poesen 
Laboratory for Experimental Geomorphology, KULeuven 
christian.sal!es@geo.kuleuven.ac.be/Fax +32 16 32 64 00 

Interrill erosion is largely controlled by rainfall characteristics. Several rainfall 
parameters ( e.g. rainfall intensity, kinetic energy, momentum ...) are being used to 
characterise the eroding power of the rain. This study reports on the use of an Optical 
Spectro Pluviometer (OSP), which measures both drop size and fall velocity in real 
time conditions, in order to quantify erosivity of simulated rainfall. Calibration and 
validation of the OSP are described. Laboratory experiments using a nozzle type 
rainfall simulator have been conducted. Under controlled rainfall conditions the 
microphysics of rain (i.e. raindrop properties) has been measured using an OSP. The 
major advantages of such a pluviometer in erosion studies is the easiness and speed by 
which raindrop properties can be measured. Drop size characteristics of simulated rain 
(obtained by OSP) are compared with the most widely used (but time consuming) 
method of the filter paper technique. The drop size distribution measured by both 
methods are in agreement. The comparison reveals the importance of the sample size 
in the estimation of the drop size distribution. From this first analysis 
recommendations are given in order to reduce the sampling uncertainties in the 
measurement of the drop size distributions. Characteristics of the simulated rainfäll are 
compared with natural rainfall characteristics. 

TRACING INVESTIGATION OF THE HYDROLOGICAL 
PROCESSES IN A SMALL MEDITERRANEAN FORESTED 
CATCHMENT DURING AN AUTUMN RECHARGE 

V. Marc (1), J.F. Didon-Lescot (2), M. Couren (1) and J. Chabanna (1) 
(1) Laboratoire d'hydrogeologie, Universite d'Avignon, (2) CAGEP, URA 
903 du CNRS, Aix-en-Provence 
vincent.marc@univ-avignon.fr/Fax: +33-490144489 

In the framework of the EC FOREX program f impact of forests and 
silvicultural practices upon extreme flows"), 3 successive flood events 
have been observed and sampled during the autumn 1996, within a 54 
ha forested Mediterranean basin (Mont Lozere network). Soil water was 
also collected as well as rainwater using a sequential sampler. Among 
the chemical tracers, K, Na, Cl, TOC and mainly silica underline the 
specificity of the hydrological mechanisms by showing the small impact 
of the direct rainwater contribution whereas subsurface flow is a 
dominant process. The use of silica as a quantitative tracer shows that 
the role of an "old" water component increases with time. This 
behaviour is in agreement with soil moisture data recorded during the 
same period. The physical context (soil texture, macroporosity due to the 
roots) largely explains the described processes but the basin hydrology is 
also clearly dependent on the Mediterranean rains characteristics 
(volume and intensity). The analysis of water for '»0 is now being 
performed. By using the isotopic tracing, it is expected to confirm the 
chemical investigation and to specify the transfer mechanisms. 
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IMPROVING WATER RESOURCES BY MEANS OF LAND 
MANAGEMENT: EXPERIMENTS IN MOUNTAIN AREAS 

J.M. Oarcfa-Ruiz and T. Lasanta 
Institute Pirenaico de Ecologfa, Campus de Aula Dei, Aparlado 202, 50080- 
Zaragoza, Spain. 
humberto@gustavo.mizar.csic.es 

It is well known that water quality (solutes and suspended sediment content) is 
closely related with land uses. In mountain areas, particularly, this problem is very 
important, since they contribute very much to the discharge of main rivers, in such a 
way that an adequate land management of the headwaters can result in a great 
improvement of water quality in die whole catchment. The results obtained from 
experimental plots in the Afsa Valley Experimental Station (Central Spanish 
Pyrenees) help us to identify the best land management strategy in order to optimize 
both water quality and quantity: i) A dense shrub cover yields few sediments and 
low rates of overland flow (though contributing to increase the reserve of water in 
the soil); ii) cultivation of the hillslopes yields much water by surface runoff (with a 
high quantity of sediments); iii) meadows yields more water than shrub cover and 
they provide low rates of sediment concentration. Since most of the cultivated 
hillslopes have been abandoned, and consequently, the alternative is to allow a quick 
shrub colonization or to introduce meadows in order to increase water resources 
without dramatic consequences on water quality. 

1 

GUIDELINES FOR THE SUSTAINABLE MANAGEMENT OF 
GROUNDWATER FED CATCHMENTS 

M. Acreman, M. Dunbar and A. Gustard 
Institute of Hydrology, Crowmarsh Gifford, Wallingford, Oxfordshire, 
OX10 8BB, UK. 
m.acreman@ioh.ac.uk    Fax: ++44 1491 692424 

Water resources in the Mediterranean are under severe stress due to rapidly 
increasing demands for agricultural production, pubic water supply and 

industry. At the same time there is growing awareness of the need to 
maintain ecological systems which provide many important goods and 
services. The Groundwater and River Resources Action Programme on a 
European Scale (GRAPES) is exploring the basic elements required to 
manage a groundwater fed catchment sustainably. These include data 
collation, sustainability indicators, hydrological modelling, climate change 
scenarios, social perception, agricultural subsides and environmental 
protection. This paper presents step-by-step guidelines which include these 
elements for planning and managing heavily utilised groundwater fed 
catchments throughout the Mediterranean and the rest of Europe. 

Sustainable Water lias In Europa 
(W. Krinnsr, C. Lallan«, J. Rodrlguaz, T. Eatrala) 

The report presents a deteiled.analysls of the major factors Influencing water use. considering 
agriculture, population growth, urbanisation, industry and tourism. The importance of the various 
sectors In terms of economy, employment and water abstraction Is described and quantified. 
Also the major trends observed are analysed. The study reveals fundamental differences 
between countries In relation to agriculture, Irrigation, tourism or industry. It shows that in many 
Southern European countries an important share of total water abstraction is dedicated to 
irrigation with figures ranging between 50% and 80% In Portugal, Qreece, 8paln and Italy. In 
contrast, In Central and Northern European countries the major part of total water abstraction la 
being employed for public water supply and Industry. As varied as the respective economies 
and uses of water are the specific problems faced In the field of environment and resource 
management' Whereas many countries in Central and Northern Europe are mainly concerned 
with water quality and the ecological state of water resources, In many countries and regions of 
Southern Europe the predominant water Issue Is availability. The study points out how under 
certain conditions the overexptoltation of water resources can lead to decreasing groundwater 
levels, seawater Intrusion, droughts and even desertification. The problems of overexploltatlon 
of water resources are extremely complex, not only from an hydrological point of view but also 
regarding the socio-economic and political circumstances. Solutions have to be environmentally 
sound as well as social and politically feasible. The report Includes a review of a variety of 
potential policy responses, describing the fundamental Internetlonal treaties and programmes in 
relation to water policy as well as the potential measures of demand management and 
Infrastructure responses. The study recommends that future research should concentrate on the 
improvement of the present state of information, trying to establish reliable records on a 
European scale and provide meaningful information to decision makers. The complexity of the 
problems to be tackled has to be fully pointed out and understood if programmes and 
regulations shall be effective, not only In scientific and technological terms but also from socio- 
economic and political point of view. 

ANALYSIS OF THE RAINFALL VARIABILITY BASED ON THE EPA 
AND RADAR DATA AND THE RUNNOF EFFECT IN A CATCHMENT 
AREA 

Maria-Carmen Llasat (1) and Rafael Sanchez-Diezma (2), Daniel Sempere Torres 
(2), Juan Pedro Martin Vide (2) 
(1) Department of Astronomy and Meteorology. University of Barcelona. Spain 
(2) Department of Hydraulic, Maritime and Environmental Engineering. 
Politechnical University of Catalonia, Spain. 

Taking into account the complicated orography of the mediterranean area and the 
heavy rainfalls and floods recorded every year, the analysis of the orographycal 
influence over the rainfall in this region is very important. The objective of this 
contribution is to show the first results obtained from the raingauge network EPA 
(Eje Pluviometrico Altitudinal Delta-Sant Lloreng) installed recently in Catalonia, 
Spain, joined with the meteorological radar information. This pluviömetric network 
is distributed along ah axis that starts in the river Llobregat mouth and finish in the 
Sant Llorenc de Munt summit (1105 m a.s.l). It is constituted by 9 tipping-bucket 
automatic raingauges (rainfall overtturning 0.2 mm), some of them connected by 
phone. It covers an area less than 500 km2 characterizated by a strongly 
mountainous orography with some slopes near 25% Although this area can be 
considered as a flood-prone zone, it is thickly populated and has a great number of 
industries. The torrential catchment of the "Riera de las Arenas" placed into the 
area covered by the EPA allows to know the flow answer to the rainfall. 

AN ASSESSMENT OF LATE FLASH FLOODS EVENTS IN SPAIN 

Manuel Menendez 
Centre de Estudios Hidrograficos del CEDEX HIPERViNCULO 
Manuel.Menendez@cedex.es / Fax: +34-1-3357922 

Spain lies in an area of transition between very different meteorological zones, 
being affected by masses of predominant air with a wide variety of characteristics 
which gives rise to steep thermal and rainfall gradients. Moreover, many Spanish 
rivers, especially in the Mediterranean Area, are short and steeply-sloping, which 
makes them act as vicaries, completely dry at times and at others serving as channels 
during torrential rain, which give rise to catastrophic flooding. In this paper, a 
general approach on the flash flood problem in Spain is made. Flood characteristics 
are described taking into account the different meteorological phenomena and 
physical and territorial framework and the way of how both are influencing the 
prevention and forecast of floods. This description is followed by a general 
overview on hazard and vulnerability assessment, emphasizing the complex 
situation created by consolidated urban areas in flood zones. Land-use planning and 
criteria for planning permissions are considerated in this paper as key points, being 
described the legislative framework and their actual implementation. Late flash 
flood events in Spain as Biescas (1996) and Badajoz (1997) are presented as case 
studies, focusing the different 
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ADVANTAGES AND POSSIBILITIES FOR ALTERNATIVE CONJUNCTIVE 
USE AS USED IN SOME SPANISH BASINS. 

A.Sahuquillo,J.Andreu and J.Capilla.Universidad Politecnica de Valencia. C 
de Vera s/n 46071 Valencia SPAIN asahuq@hma.upv.es /Fax.34-6-3877618. 

Conjunctive use schemes in arid areas, usually make use of artificial groundwater 
recharge from imported water, and from surface water in local ephemeral rivers. In 
alternative conjunctive use of groundwater and surface water more groundwater is 
pumped in dry years, and more surface water is derived in wet periods. Differences in 
aquifer storage between high levels after wet periods and low levels after dry years 
allows the use of variable surface water resources without need to employ groundwater 
recharge, which is in general more expensive and difficult to operate and implement. 
Assessment of gw-sw relationship is crucial for an adequate evaluation of water 
interchanges between them. Another important point is the artificial modification from 
gaining to loosing streams due to human intervention.That is usually due to an 
increase of pumping or of aquifer recharge. Alternative conjunctive use is adequate for 
basins where thewater contribution from rivers is higher than ground water safe yield. 
Being in general much less expensive than artificial recharge. It can be convenient for 
irrigation where high water prices can not be afforded. In some cases this option can 
be used to increase the yield of existing surface developments, or obtain environmental 
gains or improve the water quality of some aquifers. In complex systems efficient 
models able to analyse many alternatives are needed. An efficient DSS developed at 
the Dept of Hydraulic and Environmental Engineering of the Universidad politecnica 
deValencia has been applied to many complex systems in Spain. 

HYDROLOGICAL CHANGES CAUSED BY EXPANSION OF ALMOND 
MONO-CULTURES IN THE UPLANDS OF SOUTH EAST SPAIN 

B. van Wesemael (1), J. Poesen (2) and M. Mulligan (3) 
(1) School of Geography, Middlesex University, basl@mdx.ac.uk/Fax: +44 181 
3626611, (2) Laboratory for Experimental Geomorphology, KU Leuven (3) 
Department of Geography, King's College 

During the past decades, the diverse system of subsistence agriculture in south east 
Spain (annual rainfall of c. 300 mm) has been overturned in favour of large scale 
plantations of almond trees without consideration for topography and related spatial 
patterns in soil hydrological properties. The objective of this paper is to investigate 
the changes in soil hydrological properties brought about by this land use change on 
phyllites and slates and their implications for the water balance. Frequent tillage 
leads to denudation on the convexities resulting in thin stony soils as well as 
transport of stones along the slopes and kinetic sieving creating a stone mulch in the 
narrow valleys. Hence the water holding capacity of the topsoil is reduced by 
cultivation which will lead to deeper infiltration of rainfall and reduced evaporation. 
Modelling using the PATTERN coupled hydrology and vegetation growth model 
has shown that the hydrology of the thinner soils is much more dynamic: they 
become much more wet and much more dry than the thicker soils. The impact of 
stones on hydrology is complex and in part dependent on the amount of vegetation 
cover. These results have implications for the sustainability of agricultural 
cultivation on shallow soils 

OCEANS & ATMOSPHERE (OA) 

OA1 The thermohaline circulation 

Convener: Colin de Verdiere, A. 
Co-Convener: Schott, F. 

COMPARATIVE ANALYSIS OF MEDITERRANEAN WATERS 
SPREAD AREA IN NORTHERN ATLANTIC 
IN VARIOUS SPATIAL AND TEMPORAL SCALES 

Aleynik D.L. (1), Plakhin Eu.A. (2) and Grigorian K.G. (3) 
(1,2,3)  P.P.Shirshov Institute of Oceanology RAS, 36, Nakhimovsky pr., 
117851, Moscow, Russia. 
daitryeclime.ioran.msk.ru/Fax: [095] 124-59-83 

The fact, that the Mediterranean waters (MW) are present in a wide area of 
Northern Atlantic is known from early 1940-th. The analysis of MW spreading, 
based on modern climatic World Ocean Atlas (NODC-94) is proposed. Mean 
annual and seasonal fields of intermediate salinity maximum (ISM) and their 
depths are constructed. From these maps follow, that MW are spread from 
Gibraltar region not farther then 30-35 W on strait latitude. But the analysis 
of all available direct hydrophysical measurements (IO RAS, Obninsk WDC 
and NODC) shows, that the waters with presence of ISM, located at 700-1400 
m, can be observed to west from Mid-Atlantic Ridge. However, in far away 
from a source-region, the probability of ISM detection is lower. In western part 
of these maps irregularity is appreciable either in detection of ISM depths, 
salinity values on this depths, and their space discretization. Last is apparently 
connected to discrete mechanisms of MW transport - partially by IE lenses. 
The area of significant influence of MW on the ocean heat and salt content 
by using mean T,S fields can be contoured; and it is preferable for climatic 
evaluations and numerical accounts. But the other mentioned above facts need 
be considered. This work is supported by RBRF grant N 96-05-65287. 
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OBSERVATIONS OF THE MEDITERRANEAN UNDERCURRENT ALONG 
THE CONTINENTAL SLOPE OFF PORTUGAL 

I.Ambarm. J. Dias(l), N. Serra(l), M. Gibbs (1) and G. Diaz del Rio (2) 
(1) Institute) de Oceanografia, Universidade de Lisboa, Portugal (2) Institutö Espanol 
de Oceanografia, La Coruna, Spain 
iambar"fc.ul.pt 

An analysis is presented of velocity and temperature data obtained between June and 
November 1997 with Aanderaa current meter moorings on the Portuguese 
continental slope along the main route of the Mediterranean Undercurrent, in the 
frame of the European Union MAST-IIICANIGO Project. The moorings, in pairs (at 
the upper and at the mid-slope), were respectively near 8° 45'W off Algarve, and at 
about 37" 30'N and 38° 30'N off the western coast of Portugal. The current meters 
were located at three levels, corresponding to the Central Water (-300 m) and to the 
Mediterranean upper core (-800 m) and lower core (-1200 m); the moorings off 
south Portugal had an extra current meter underneath the Mediterranean 
Undercurrent (-1800 m). Some common features were found at these three sites: (i) 
the mooring on the upper slope showed the Mediterranean Undercurrent well aligned 
with the local isobaths as being controlled by the ambient vorticity; (ii) the mooring 
on the upper slope presented higher speeds at the levels of the Mediterranean 
Undercurrent than the mid-slope mooring; (iii) the velocities reached by the upper 
core were usually higher than those reached by the lower core. There was a general 
downstream deceleration of the Mediterranean Undercurrent, with velocities 
reaching peak values at 800 m of about 50 cm s-' off Algarve, about 40 cm s'1 at 37° 
30'N, and about 30 cm s-1 at 38° 30'N. 

THE THERMOHALINE CIRCULATION IN THE SOUTH ATLANTIC: 
ESTIMATING THE CONTRIBUTION OF THE MAJOR WATER MASSES 

K. Beraneer. A. P. De Miranda and B. Barnief 
Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble. 
beranger@hmg.inpg.fr/Fax:(33-4) 76-82-52-71. 

The South Atlantic Ocean has a peculiar contribution to the meridional 
thermohaline circulation (MTC); the transport of heat is directed towards the 
equator where the ocean gains heat from the surface. The contribution of the major 
water masses to the MTC in the South Atlantic is investigated with the results of 
model simulations. The model is an eddy-resolving (1/3°), sigma coordinate 
primitive equation model (SPEM), forced with a complete and consistent surface 
forcing including winds, heat and freshwater fluxes from the ECMWF re-analysis 
and a sea-ice model. The model domain covers the South Atlantic from 16°S to 
76°S, and thus includes the Weddell Sea, and communicates with the other oceans 
through open boundaries. A 30 year long simulation is analysed in terms of water 
mass properties. Dominant water masses are identified, and their circulation and 
respective contribution to the MTC are investigated. A particular attention is given 
to the topographic control of the circulation of deep waters. A global circulation 
scheme is derived and is confronted to the interpretation of the WOCE 
hydrographic sections carried out in this basin. 

CHANGES OF DEEP CIRCULATION IN THE WESTERN 
EQUATORIAL ATLANTIC INFERRED FROM TRACER AND 
CURRENT MEASUREMENTS (1993-1996) 

C.  Andrie (1), B. Bourles (2), Y. Gouriou (2), C. Oudot (2) and 
J.F.Temon (3) .„„ „„„»„„   .   ,»» 
(1) LODYC, ORSTOM/CNRS/University, case 100, 75252 Pans (2) 
Centre ORSTOM, BP70, 29280 Plouzane France (3) ORSTOM BP 165, 
97323 Cayenne, French Guiana 
andrie@lodyc.jussieu.fr / Fax: 33 144 27 38 05 

Hydrographic data and tracer (oxygen, CFC, nutrients) analyses have been 
performed together with L-ADCP current measurements in the area located 
between the 7°30N parallel, the 35°W meridian, and the american continent 
during March 1993 (CITHER 1 cruise), September 1995 and May 1996 
(ETAMBOT 1 and 2 cruises). Water masses and deep flows are studied 
using vertical and isopycnal distributions on the levels of the Upper North 
Atlantic Deep Water, Lower North Atlantic Deep Water and Antarctic 
Bottom Water. Circulation patterns and isopycnal distributions of tie 
different parameters are compared for each cruise in order to characterize 
the processes implied in the variability of water masses and transports 
inside the Deep Western Boundary Current. The changes of the depth of 
the CFC cores and their CFC and salinity contents emphasizes the interest 
of transient tracers to follow the circulation variability on regional and 
global scales. 

INTERANNUAL    THERMOHALINE    CHANGES   AT    THE    EASTERN 
MARGIN OF THE NORTH ATLANTIC SUBPOLAR GYRE 1991 - 199« 

Manfred Bersch«. Jens Meincke*, Alexander Sy**, Saskia Esselbom», and Sofie 
Woelk* 
•Institut   filer  Meereskunde,   Troplowiestr.   7,   22529   Hamburg,   Germany, 
♦♦Bundesamt fuer Seeschiffahrt und Hydrographie, Hamburg, Germany, E-mail: 
bersch@ifm.uni-hamburg.de 

five hydrographic repeats of WOCE section A1E (Greenland - Ireland) between 
1991 and 1996 reveal strong interannual changes of watermass characteristics at 
the eastern margin of the North Atlantic subpolar gyre. Between 1995 and 1996 
a pronounced temperature and salinity increase was observed in the Subpolar 
Mode Water (SPMW) of the Iceland Basin due to a westward shift of the 
Subarctic Front. The characteristics of the anomaly were similar to an anomaly 
that was adverted from the subtropical gyre into the eastern subpolar gyre in the 
1950s. Along the whole section the density decreased in the upper 1000 m 
between 1995 and 1996, which was accompanied by an increase of the heat and 
salt content of the SPMW layer and by a positive anomaly of the sea surface 
height as inferred from Topex/Poseidon altimetry. The thermohaline changes 
were connected with a strong decrease of the intensity of the Westerlies due to 
the North Atlantic Oscillation, which reduced the eastward spreading of cold and 
less saline waters from the western subpolar gyre. Below tile SPMW, a cooling 
and densification of the Labrador Sea Water (LSW) was observed in the period 
1991 to 1996 due to the eastward spreading of newly formed LSW. 

TRANSIENT TRACER OBSERVATIONS IN THE NORTH ATLANTIC 

M. Arnold (#), J. Schiller (#), R. Bayer (#), Ulrich Fleischmann (+), Alfred 
Putzka <+). Alexander Sy (♦) 
(#) Institut f. Umweltphysik, Im Neuenheimer Feld 366, D-69120 Heidelberg, 
Germany, (+) Institut f. Umweltphysik, Universitaet D-28334 Bremen, Germany, 
(*) Bundesamt f.r Seeschiffahrt und Hydrographie, Hamburg, Germany 

Distributions and variability of Chlorofluorocarbons (CFCs), tritium, helium-3, 
and carbon-14 obtained during several occupations of the WOCE legs Al and 
A2 in the North Atlantic are presented and discussed. From the transient input 
of these tracers and the enrichment of helium-3 in subsurface waters ventilation 
ages of water masses may be assessed. Convective renewal from the surface 
contributes to tile overflow waters at the Greenland-Iceland-Scotland-Ridge 
(DSOW, ISOW) and to LSW in the Labrador Sea. We investigate the pathways 
of water masses and, relating the tracer data to the signals observed in the 
overflow areas and in the Labrador Sea, to estimate mean transfer velocities. For 
part of the data in the eastern North Atlantic an optimised multi-parameter 
approach (OMP) we determine the influence of mixing of the tracer-free Eastern 
Basin Bottom Water. The CFC- and the tntium/helium-3 ages for the remaining 
younger water are calculated from the corrected tracer values. The differences 
between corrected and uncorrected ages are significant and are due to a fraction 
of the water which is much older and therefore essentially tracer-free. The 
amount of this old water could be estimated from the tritium data. 

THE 1996 SEA SURFACE HEIGHT ANOMALY OF THE NORTH 
ATLANTIC SUBPOLAR GYRE 

Ian H. Bock. Wolfgang Bosch 
Deutsches Geodaetisches Forschungsinstitut, Marstallplatz 8, D-80539 Muenchen, 
Germany,     Phone:     449     89     23031-120,     Fax:     449     89     23031-240, 
e-mail:bock@dgfi.badw-muenchen.de 

A time series of more than four years of the Corrected Sea Surface Heights 
(CORSSH) from the TOPEWPOSEIDON (T/P) altimeter mission as provided by 
AVISO, was taken to investigate sea level height anomalies in the North 
Atlantic. The period from 1992-1996 was used to perform a long term Mean 
Sea Level (MSL). Comparing this MSL with annual and seasonal mean fields 
a sea surface height anomaly could be clearly identified for the year 1996. This 
anomaly becomes in particular visible, when periodic variations of the sea 
surface (due to seasonal changes in the surface temperature and surface moisture 
flux) are identified and removed. The sea surface height anomaly coincides with 
a drastic decrease of the NAO in 1996. In order to investigate possible 
correlations between sea surface height and the Sea Surface Temperature (SST) 
and to show the impact of the inverted barometer correction to the CORSSH, 
complementary data sets were analyzed by similar methods. In particular the 
variations in SST data (taken from AVHRR) and SLP data (from NCAR/NCEP) 
were used to look also for 1996 anomalies. 
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SEASONAL VARIABILITY OF DEEP CURRENTS IN THE EQUATORIAL 
ATLANTIC: RESULTS FROM THE DYNAMO PROJECT 

C. B'oning (1), C. Dieterich (1), Y. Jia (2), B. Bamier (3) 
(1) Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven, 
(2) Southampton Oceanography Centre, 
(3) Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble; 
cboening@awi-bremerhaven.de 

Comparison of the three different numerical models investigated in the European 
DYNAMO project - models based on geopotential levels, terrain-following (sigma) 
coordinates, and isopycnic layers - reveals strong similarities in the pattern of seasonal 
current anomalies in the equatorial Atlantic: these include basin-wide bands of zonal 
currents alternating in eastward and westward direction, and a variation of the Deep 
Western Boundary Current that, depending on latitude, manifests itself either as a 
pulsation of transport or an offshore meandering of the current core. The model 
analysis, supported by further sensitivity experiments, identifies the dynamical cause 
of the variability, and may contribute to an interpretation of observed time series of 
DWBC transport. The model study further helps to elucidate the relation between 
(observed) deep transport variations near the western boundary and variations of 
integral quantities such as the net meridional transports of mass and heat in the tropical 
Atlantic. 

TRACER STUDIES IN THE SUBTROPICAL GYRE OF THE SOUTH 
ATLANTIC 

Martin Butzin. Jürgen Sültenfuß, and Wolfgang Roether 
Institut für Umweltphysik, Abt. Tracer-Ozeanographie 
Universtität Bremen 
Postfach 330 440 
D-28334 Bremen, Germany 

Email: mbutzin@physik.uni-bremen.de 

Tritium and CFC data are used to study the upper circulation in the South 
Atlantic. The data originate from the WOCE, SAVE, and AJAX 
programmes and are merged into a single quasi synoptic data set 
containing transient tracer information over the last 15 years. The data 
show tritium enriched water leaking from the Indian Ocean into the South 
Atlantic whereas the tritium input from the Pacific Ocean via the Drake 
Passage is low. The data also show accumulation of tritium in the 
subtropical region of the South Atlantic, indicating recirculation processes 
within the Subtropical Gyre. Ventilation rates for thermocline water are 
inferred from imbalances in the tritium budget. Analysis of CFC/tritium 
ratios provides a new and powerful tool for water mass dating in the upper 
waters. Application of this method yields turnover times within the 
Subtropical Gyre in the range of 10 to 20 years. 

STRUCTURE AND VARIABHJTY OF MERIDIONAL OVERTURNING IN 
THE ATLANTIC OCEAN: MODEL PERSPECTIVES 

C. Boning 
Alfed-Wegener-Institute for Polar and Marine Research, Bremerhaven, Germany; 
cboening@awi-bremerhaven.de 

Large-scale models of the Atlantic's thermohaline circulation, while often successfully 
being tuned to reproduce the (maximum) mass or heat transport, continue to differ 
quite strongly with respect to the threedimensiona! structure of the circulation, with 
potential impact on their response to changing atmospheric forcing. In recent years, a 
host of sensitivity studies and intercomparison exercises with medium- to 
high-resolution models has begun to unravel the factors (physical and numerical) that 
appear to control the overturning circulation in numerical solutions. The first part of 
this talk will be devoted to a review of relevant model results, especially highlighting 
the fundamental role of mixing processes in northern outflow regimes. The second part 
will be concerned with different mechanisms that lead to a variability of the deep 
overturning cell on seasonal to decadal time scales, and may cause the variability of 
the DWBC observed in the tropical Atlantic. 

THE MEDITERRANEAN OUTFLOW AS DESCIU11ED UY THE 
OCCAM «LORAL OCEAN MODEL 

Andrew C. Coward and A. C. Coward 
Southampton Oceanography Centre, Southampton, England SOU SZI1. 
A.C.CowardJso.csoton.ac.uk/Fax: [44] 1703 596204 

The OCCAM global ocean mode! Is a 1/4x1/4" resolution Ocean General Cir- 
culation model (OGCM) of the entire World's oceans with 36 levels In the 
vertical. The model include« the Mediterranean Sea and the Straits of Gibral- 
tar arc open (albeit a little wider than reality). Even at this resolution some of 
the processes which determine the properties of the water spreading into the 
North Atlantic we not fully resolved. The OCCAM mode! iniilntnlns a realis- 
tic volume flux hf high salinity water out of the Mediterranean but U It likely 
that this wafer Is "over-mixed" and simulations over longer time periods would 
result In a water mass less dense than thai observed in reality. This poster de- 
tails the processes as described by the model and compares these with current 
perceptions bused on field measurements. 
Methods of improving model representation of outflow dynamic* and doepwutcr 
formation arc being Investigated as part of the CAN1GO MAST 111 project. 
Early results from these approaches are also printed, these include: 
1. Coupling » stream-tube model where the stream-lube model uses topo- 
graphic Information at finer resolutions than the OGCM grid and models a 
plume descending through ambient fields set by the OCCM. 
2. Using n 2-dimcnslonal bottom-boundary layer model to better represent the 
turbulent processes occurring within the bottom grid cells. 

THE GULF STREAM - DEEP WESTERN BOUNDARY CUR- 
RENT CROSS-OVER: RESULTS FROM FLOAT OBSERVATIONS 

Amy S. Bower and Heather D. Hunt 
Woods Hole Oceanographic Institution, MS #21, Woods Hole, MA, 02543, 
USA. 
abouerOwhoi.edu/Fax: (508) 457-2181 

Two major branches of the meridional overturning circulation cross off the 
east coast of the US at about 35N: the equatorward-flowing Deep Western 
Boundary Current (DWBC) and the poleward-flowing Gulf Stream. In 1994- 
1995, 26 RAFOS floats were launched in the DWBC north of the cross-over 
region, 14 at 3000 dbars and 12 at about 850 dbars. 
About half of the 3000-dbar floats left the boundary at the cross-over and show 
evidence of an interior pathway for some fluid in the DWBC. The other half 
of the deep floats crossed under the Gulf Stream near the boundary, of which 
three continued equatorward in the DWBC, one traveling a total distance of 
about 6400 km (from 43N to 20N) with an average speed of about 10 cm/s. 
The deep floats also clearly reveal that the DWBC is deflected downslope as 
it crosses under the Gulf Stream in order to conserve potential vorticity. The 
floats generally followed the isobaths until they reached the cross-over region, at 
which point temperature increased and the trajectories deviated toward deeper 
water. The total increase in water depth along the float tracks was similar to 
the change in depth of the thermocline across the Gulf Stream, about 800 m. 

Global flux estimates and other results from the OCCAM global ocean model 

B.A. de Cuevas 
Southampton Oceanography Centre 

The OCCAM global ocean model has been run in the UK by a consortium of 
researchers from Universities and Institutes. The model is based on the standard 
Bryan and Cox level model but it has a free surface and include many additional 
improvements to the model physics. It covers the globe, including marginal seas like 
the Mediterranean, with a horizontal resolution of 0.25 degrees. The Arctic is handled 
by using a rotated grid for the North Atlantic and Arctiv oceans. The model has 36 
layers in the vertical with a thickness of 20 m near the surface increasing to 250 m at 
depth. The poster will present will present results on the large scale flux of heat and 
fresh water in the model including the contribution from the thermohaline circulation. 
The total meridional heat flux has an almost symmetric form with heat being advected 
away from the equator in both hemispheres. However in the Atlantic Sector, where 
the thermohaline term dominates, the heat transport is northwards at all latitudes. This 
is balanced by a greater southward flux in the Pacific and Indian oceans. The large 
scale meridional transport of fresh water reflects the global distribution of precipitation 
and evaporation. A detailed comparison in the Pacific sector shows good agreement 
with observations. The model also shows seasonally varying transports through the 
Bering Strait, with a mean value of 0.8 Sv, and in the Indonesian Throughflow region, 
with a mean of 12 Sv. The Drake Passage transport has a mean of 150 Sv and shows' 
irregular fluctuations with an amplitude of about 5 Sv. 
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CIRCULATION PATTERNS IN THE CAPE GHIR FILAMENT AREA 
DURING OCTOBER 1997 

Marrerro-Doaz, A., Gordo, C, Pelegro, J.L., Antoranz, A.,Ratsimandresy, A, Sangra, 
P., Ramorez, J. J., CortThetas, J. M., Garcoa-Weil, L., Pacheco, M., 
Hemssndez-Guerra, A., Rodroguez-Santana, A. 
Departaraento de Fosica. Universidad de Las Palmas de Gran Canada. Edificio de 
Ciencias Bsssicas, Campus de Tafira, 35017 Las Palmas de Gran Canada. 
Email:angeIes.marrero@fisica.ulpgc.es 

On September 1997 did an oceanographic cruise, Filament 97, on board of the R/V 
HespThetarides between Cartagena (Spain) and Canary Islands. Oirr objective is to 
determine the Canary Current pattern on the slope and the Northwest African 
continental platform between Gibraltar and Cabo Ghir, its recireulaiion along the 
Northwest Africa slope associated to the baroclinical coastal jet, and its return to the 
interior ocean in the Cabo Ghir filament region. We made six sections and we 
collected XBT (Expendable Batithermograph), ADCP (Acustic Doppler Current 
Profile), CTD (Conductivity Temperature Depth) and thermosalinometer data, and we 
launched two ARGOS buoys. In this work, we present the vertical distributions of 
temperature, salinity and density, as well as some circulation patterns inferred form the 
ADCP and driffeter data. During the Cruise the winds were weak coinciding with an 
upwelling relaxation period. This produced a weakening in the upwelling vertical 
circulation cell and allowed us to appreciate the importance of the horizontal 
circulation cell which links the Canary Current and the coastal current system. 

MULTI TRACER ANALYSIS 

IJlrichFleischmann(+). Alfred Piitzka^), Reinhold Bayer(#), Alexander Sy (•) 
(+) Institut fur Umweltphsik, Universität Bremen 
(#) Universität Heidelberg, (*) Bundesamt für Seeschiffahrt und Hydrographie 
email: ufleisch@ocean.physik:uni-bremen.de 

The tracer data of the cruise Meteor 18 (WOCE Al) belonging to the deep 
(>1000 m) eastern North Atlantic is analyzed. This analysis faces problems 
connected with two kinds of mixing. One is mixing of different water 
masses the other mixing of parts of the same water mass with different ages 
(interior mixing). The first kind of mixing is calculated by an Optimum 
Multiparameter Analysis. The results of this analysis are used to remove the 
influence of the tracer free Eastern Basin Bottom Water. The freon 
concentration age and the tritium helium age for the remaining water are 
calculated from the corrected tracer values. The differences between the two 
ages are still bigger than the errors of the ages. This is due to a part of the 
water which is essentially tracer free. It is estimated from the tritium data. If 
the influence of this part is removed as well the ages are in agreement within 
the errors for many measurements. There is no hint that the remaining 
differences result from mixing of different water masses, but they are 
distributed as it is expected for interior mixing. 

ATOM: MODEL CONCEPT AND FIRST RESULTS 

K. Fieg (1), R. Döscher (2) and R. Gerdes (1) 
(1) Alfred - Wegener Institute for Polar and Marine Research, D - 27570 Bre- 
merhaven, Germany, (2) University of Washington, Seattle, 98195, WA, USA. 
kfiegOawi-bremerhaven.de/Fax: [49] 471 - 4831 803 

The AWI Tracer Ocean Model (ATOM) is a global model intended for investi- 
gating the oceanic carbon cycle and its variability. The ocean model has 2 x 2 
deg. horizontal resolution and 99 vertical levels. It consists of two MOM2 type 
submodells with the one for the North Atlantic formulated on a rotated grid 
with the pole on the geographic equator. The biogeochemical model is based 
on HAMOCC. Only the combination of a prognostic ocean and an advanced 
carbon cycle model allows to simulate the reaction of physical and biological 
carbon pumps to changes in the atmospheric forcing. 

First experiments with the model address the large scale oceanic circulation. 
The uptake and transport of CFCs are simulated over 50 years and the resulting 
distributions are used to assess the ability of the model to reproduce large scale 
advection and convective mixing. The sensitivity of the model with respect to 
different subgrid scale parameterizations will be discussed. A major concern 
for any large scale model is the transfer of dense water across topographic 
obstacles, especially the Greenland - Scotland - Ridge. The effect of different 
bottom boundary layer submodels on the overflow and the THC in the model 
will be analysed. 

BENGUELA CURRENT EXPERIMENT 

Silvia L. Garzoli (1), Philip Richardson (2), Chris Duncombe Rae (3), David 
Fratantoni (2) and Gustavo Gofii (1) 
(1) AOML/NOAA, Miami, Florida USA, (2) Woods Hole Oceanographic Insti- 
tution, Woods Hole, Massachusetts USA, (3) Sea Fisheries Research Institute, 
Cape Town, South Africa. 

In order to study the northward flow of intermediate water in the Benguela 
Current and its extension, a program was put together between scientists of 
WHOI, NOAA/AOML and Sea Fisheries (South Africa). This program is a 
component of KAPEX (Cape of Good Hope Experiment) a joint US, Germany, 
and South Africa effort. The main objective of the program is to obtain the 
first subsurface float measurements of the northward flow of intermediate water 
in the eastern South Atlantic and to measure the characteristics of this water. 
During September 1997 a cruise took place aboard the R/V Seward Johnson, 
from Cape Town to Recife. The main objectives of this cruise were: to launch 
an array of 32 RAFOS floats and 10 surface drifters; to perform an intensive 
survey to determine the characteristics of the flow; and to search for and study 
Agulhas rings which carry Indian Ocean waters into the Atlantic. Hydrographie 
casts (CTD-02) and direct measurements of currents (ADCP/LADCP) were 
performed along 30°S (between 14° E and 7°W) and along 7°W (between 33°S 
and 18° S) to study the characteristics and paths of the intermediate water flow 
at the time of deployments. Three anticyclonic Agulhas rings were identified 
through intensive XBT surveys guided by satellite images of sea surface height. 
This poster is an overview of the experiment and the preliminary results. 

THE ATLANTIC CIRCULATION: A SENSITIVITY STUDY US- 
ING DIFFERENT FRESHWATER FLUXES 

K. Fieg and R. Gerdes 
Alfred - Wegener Institute for Polar and Marine Research, D - 27570 Bremer- 
haven, Germany. 
kfiegeaai-brenerhaven.de/Fax: [49] 471 - 4831 803 

To investigate the glacial ocean circulation a coupled ocean / energy balance 
model (EBM) is forced by different freshwater fluxes. They only differ in the 
North Atlantic region and only by less than 0.1 Sv. Nevertheless, two completely 
different circulation regimes go along with these forcing fields. The first regime 
is marked by weak North Atlantic Deep Water (NADW) production and a 
strong presence of Antarctic Bottom Water (AABW). This pattern agrees with 
results derived from deep sea sediment data. The second regime is characterised 
by unrealistically high NADW production and absence of AABW. We found, 
that the resulting circulation pattern is only dependent on the surface fresh 
water flux but independent on initial conditions. Multiple equilibria were not 
found. It is argued, that hysteresis with respect to freshwater flux changes found 
in other models could be an artefact of the procedure. 

In a series of experiments we find a critical value for the fresh water input into 
the high latitude North Atlantic. This value corresponds to glacial conditions, 
while recent conditions provide for a relatively strong, stable THC. 

FORMATION OF NORTH ATLANTIC DEEP WATER IN THE 
SUBPOLAR GYRE - A MODEL INTERCOMPARISON STUDY 

Peter Herrmann (1), Yanli Jia (2) and Thierry Reynaud (3) 
(1) Kiel, Germany, (2) Southamptom Oceanography Centre, UK, (3) LEGI- 
IMG, Grenoble, France. 

The outflow of dense water masses from the Nordic Seas into the subpolar 
North Atlantic plays a crucial role for the thermohaline circulation of the World 
Ocean. Whereas in the past, the overflow processes entered GCMs as subgrid- 
scale processes and were thus depending on the numerical formulation of the 
physical system and the parametrization schemes, the models in the European 
DYNAMO project explicitely resolve the topographically controlled transport 
of dense water masses. 
The models follow different concepts for the discretization of the vertical co- 
ordinate. Results from the intercomparison of a level model (GFDL-MOM), 
an isopyenic model (MICOM), and a sigma-coordinate model (SPEM) will be 
presented with focus on the performance of the models in critical regions like 
the Denmark Strait and the Iceland-Faroes-Shetland ridge system, and the net 
effect of deep convection in the Labrador Sea on meridional overturning. 

C539 



INTERMITTENT  CONVECTION AND ITS  CONSEQUENCES 
ON THE THERMOHALINE CIRCULATION IN GCM'S 

J. Hirschi. J. Sander and T. F. Stocker 
Climate and Environmental Physics University of Bern, Switzerland. 

Intermittent convection and its consequences on the stability of the thermc- 
haline circulation are investigated with a global circulation model (GCM) and 
simple box models. A two-box model shows that intermittency is a conse- 
quence of the non-linearity of the equation of state and of the ratio of heat and 
freshwater fluxes at surface versus the fluxes at depth. We classify convection 
into three classes according to the vertical gradient of temperature and salinity 
for unstable stratifications: (i) temperature driven, (ii) salinity driven and (iii) 
the combination of both. Although intermittency is possible for classes (i) and 
(ii) it has only been observed for class (i) in our GCM experiments. Because 
intermittent convection causes temporal variations of the ocean-atmosphere 
fluxes, a GCM cannot reach an exact equilibrium. After the switch to mixed 
boundary conditions intermittent convection becomes either continuous or is 
stopped depending on the method used for calculating the freshwater fluxes. 
Advective and diffusive fluxes between these regions and their surroundings 
change in order to balance the altered convective fluxes and therefore provide a 
mechanism for far field effects. A comparison between the GCM and a six-box 
model illustrates that this may lead to an important alteration of adjacent deep 
convection and of the related deep water formation. 

OCEAN MODELLING BY METHOD OF GENERAL ADJUSTMENT 
(OMMEGA) 

Yu.A.Ivanov, K.VXebedev (P.P.Shirshov Institute of Oceanology, 36, Nakhimovsky, 
117851, Moscow, Russia), A.S.Sarkisyan (Institute of Numerical Mathematics, 8, 
Gubkina Str., Moscow Russia) 

A lack of data results in some difficulties in the ocean climate modelling using 
historical data. The conventional methods of solving this problem are the use of the 
procedures of objective analysis and data smoothing applied to the entire basin of the 
ocean to restore the hydrographic fields in the regions, where the data were not 
statistically reliable or complete lack of data. This procedures lead to a significant 
deformation of the hydrographic fields, especially in the frontal zones. Unlike this 
formal statistical approach we have contrived the method of hydrophysical fields 
reconstruction called "Ocean Modelling by MEthod of General Adjustment 
(OMMEGA)". In this method a series of diagnostic-adjustment calculation is 
performed to correct the data in "poor" grid points insufficiently supplied or not 
supplied by observations under the influence of "good" points with reliable data. In 
these "good" points the T, S fields are periodically replaced to their initial values to 
avoid filtering under the influence of surrounding incorrect data or model deficiencies. 
OMMEGA allows us to restore the hydrographic fields in the areas with unsufficient 
amount of data, and keep the data in the initial form for the regions where the 
observation were statistically reliable. 

DIRECT MEASUREMENT OF THE DEEP CIRCULATION 
WITHIN  THE  BRAZIL   BASIN 

N. G. Hogg, M. Y. Morris and W. B. Owens 
Woods Hole Oceanographic Institution, Woods Hole, Massachusetts, U.S.A. 
nhogg@whoi.edu/Fax: +1-508-457-2181 

In support of the WOCE Deep Basin Experiment a large number of neutrally 
buoyant floats have been released within the Brazil Basin during the 1990s 
in an attempt to directly measure the circulation in the deep ocean interior. 
Three levels corresponding to the three major subthermocline water masses 
were selected and results from the deeper two (North Atlantic Deep Water, 
NADW and Antarctic Bottom Water, AABW) are described, as these were the 
two levels for which we were responsible. It appears that the flow in the deep 
Brazil Basin is unlike previous conjectures in which the circulation patterns 
can be characterized as being primarily meridional, both along the western 
boundary and in the interior. Although the existence of deep western boundary 
currents is quite clear in the float data, especially at the NADW level, the 
interior flow is dominantly zonal with unexpectedly small meridional space 
scales. Decorrelation times are long, of order 20-30 days and eddy kinetic 
energy levels are low, of order 1 cm2/secJ. In spite of the low energy levels a 
surprising number of our floats became caught up in vortices, we believe of the 
submesoscale coherent variety. A line of seamounts extending offshore near 20S, 
known as the Vitoria-Trinidade Seamounts interrupts the DWBCs and is the 
location for a eddy formation and apparent flow away from the boundary into 
the interior. Although it has been speculated that this could feed a narrow zonal 
current of NADW (the "Namib Col Current") our float trajectories suggest a 
return to the western boundary, rather than a continuation to the east. 

DECADAL AND INTERDECADAL VARIABILITY SIMULATED 
WITH A REGIONAL MODEL 

J.J. Jimenez, W. Cabos and M.J. OrtizBevia 
Departamento de Fisica. Universidad de Alcalä. Ctra. Madrid-Barcelona Km 
33,600, Alcalä de Henares, E-28871 Madrid. 
jjjOHs3.fsc.alcala.es/Fax: [34] 1 885 49 42 

We analyze the North Atlantic oceanic variability simulated with a regional 
version of an isopycnal ocean forced with observations. The model consists in 
10 isopycnal layers that simulated the deep ocean, topped by a mixed layer 
and coupled with a sea ice model. The domain cover 19"iV to 65°5, and 98°W 
to WE, the grid resolution is 1.16° zonally and 0.52° meridionally. The sur- 
face heat and momentun fluxes used to force the model were derived from the 
NCEP analysis. Special attention is paid to the mechanisms of generation and 
propagation of the surface anomalies and the role played by the subsurface 
water masses is studied. Sofisticated statical tools were used for this study. 

INTERNAL DECADAL MODES OF THE THERMOHALINE CIR- 
CULATION: ROBUSTNESS TO HIGH RESOLUTION, REALIS- 
TIC FORCING AND TOPOGRAPHY 

T. Huck (1), G. K. Vallis (1) and A. Colin de Verdiere (2) 
(1) Ocean Science department, UCSC, Santa Cruz, CA 95064, USA, (2) Labo- 
ratoire de Physique des Oceans, Universite de Bretagne Occidentale, B. P. 809, 
29285 Brest cedex, France. 

The thermohaline circulation shows internal modes of variability on (in- 
terjdecadal time scales in flat-bottomed ocean models forced by (quasi)constant 
surface buoyancy fluxes. The excitation of the variability has been explained in 
terms of longwave baroclinic instability in the region of separation of the west- 
ern boundary current, although the period is not clearly understood yet. The 
oscillations period and amplitude have been shown to be sensitive to horizon- 
tal and vertical mixing. However, in such coarse-resolution models, the growth 
rate of baroclinic instability is controlled by viscosity and all mixing processes 
are crudely represented by uniform diftusivity coefficients. We therefore inves- 
tigate the robustness of this variability in eddy-resolving simulations. These 
oscillations appear spontaneously under fixed surface fluxes but not under (too 
strong) restoring boundary conditions. Through the coupling to simplified at- 
mospheric models (Energy Balanced Models, 2D zonally averaged), we analyze 
which atmospheric feedbacks are likely to damp or enhance the variability. Fi- 
nally, we investigate the damping role of realistic bottom topography in this 
variability and compare the model's behavior to the observations in the North- 
Atlantic. 

ATMOSPHERICALLY-FORCED EXCHANGE THROUGH THE STRAIT 
OFBABELMANDEB 

JKJoias (1). S. Murray (2), S. Sorianos (1) 
(1) RSMAS, University of Miami, (2) Coastal Studies Institute, Louisiana State 
University; Johns @ibis.rsmas miami.edu/Fax: +305-361-4696 

Exchange between the Red Sea and the Gulf of Aden on synoptic time scales (days- 
weeks) is investigated using moored time series data collected in the strait of Bab el 
Mandeb from June 1995 to November 1996. Transport variations through the strait 
on these time scales can reach amplitudes of up to 0.6 Sv and appear to be driven by 
both large-scale barometric pressure variations over the Red Sea and direct wind 
stress variability over the strait The transport response through the strait is strongly 
dependent on toe forcing frequency in both cases. At low frequencies, sea level 
responds isostatically to barometric pressure variations over the Red Sea, forcing a 
barotropic inflow (outflow) through the strait during falling (rising) atmospheric 
pressure. However, at frequencies higher than the Heimholte resonance frequency 
of the Red Sea, which occurs at a period of about 5 days, the response reverses to 
one in which inflow through the strait occurs during rising atmospheric pressure. 
The response to variations in alongstrait wind forcing also changes from a direct, 
nearly in-phase response through the water column for frequencies higher than the 
Heimholte frequency, to a nearly out-of-phase response in shallow and deep layers 
at low frequencies. The reversal of the deep flow in the strait is caused by the de- 
velopment of an adverse alongstrait pressure gradient built up by the wind stress. 
The basic features of both of these forced responses can be reproduced by simple 
linear (fritional) models. Combined, the barometric pressure and alongstrait wind 
forcing appear to account for about 60% of the transport variance within the strait. 
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THE FORMATION OF THE INDIAN EQUATORIAL WATER 

J. Karstensen. M. Dengler and D. Quadfasel 
Institut für Meereskunde der Universität Hamburg, Germany 
karstens@ifm.uni-hamburg.de 

The thermocline of the equatorial Indian Ocean is dominated by a water 
mass of nearly constant salinity (about 35.0) in the temperature range from 
6 to 20° C, known as the Indian Equatorial Water (EW). Outside the 
equatorial belt Indian Central Water (ICW) is found, which is characterised 
by decreasing salinities with depth. We hypothesise that EW is riot a 
distinct water mass, but instead is formed by enhanced vertical mixing of 
ICW near the equator. Unique to the equator are vertical alternating 
currents, the equatorial Deep Jets, and high vertical wave number(0.005cpm 
<k<0.01cpm) internal waves. Using hydrographic data and current profiles 
from the WOCE section IR4 as well as moored ADCP and current meter 
data (WOCE-Array ICM-8), vertical mixing in and below the thermocline is 
investigated. Vertical diffusivity estimates yield Kr>lxl0 m s' within half 
a degree of the equator. The physical processes leading to enhanced mixing 
are Kelvin-Helmholtz instabilities as well as critical layer absorption of the 
high wave number waves in the sheer zones of the deep jets. A simple 
advection-diffusion model is integrated to show the transformation of ICW 
into IEW by enhanced vertical mixing. The role of other transformation 
processes are discussed and quantified. 

ABOUT THE SEASONALLY OF THE LSW ARRIVAL WEST OF THE 
MID-ATLANTIC-RIDGE AT 47° N 

K.P. Koltermann. G. Stelter 
Bundesamt für Seeschiffahrt und Hydrographie, Bernhard-Nocht-Strasse 78,   D- 
20359 Hamburg, Germany,, e-mail: koltemiaiin@bsh.d400.de 

Several years of data from moorings west of die Mid-Atlantic-Ridge on the 48°N 
section WHP-A2 reveal mat fte newly formed Labrador Sea Water LSW arrives 
only in^arly spring of each year. Temperatures and salinities during fliese 
periods show little variations, indicating a ramer homogeneous water mass. The 
changes from periods dominated by the LSW to those dominated by waters from 
die subtropical gyre are abrupt and occur within a week. For the rest of the year 
die warm and salty waters from the south show strong variations in temperature 
and salinity of 20 -30 days periods. The vertical temperature profües at the 
mooring sites are dominated by long warming and short cooling phases. 
Additional data from C-PALACE floats in the vicinity of fte moorings provide 
valuable information on the development of temperature and salinity for the top 
1500 m layer, particularly in winter. 

The response of the thermohaline circulation in the Hadley Centre coupled 
model to increasing levels of atmospheric CO2. 

A.B.Keen  (Hadley Centre for Climate Prediction and Research, UK Met Office, 
London Road, Bracknell, Berks, RG12 2SY, UK) 

The time dependent response of the thermohaline circulation (THC) in the north 
Atlantic to increasing levels of atmospheric CO2 has been studied using the Hadley 
Centre coupled ocean-atmosphere model HADCM2. 

For a gradual increase of CO2 to double its initial value, the THC in HADCM2 
reduces by about 20%, compared with a typical reduction of about 30% seen in other 
models. In scenarios where CO2 is gradually increased and then held fixed at a higher 
level, die THC in HADCM2 recovers quickly once the level of CO2 is fixed, and in 
one case goes on to increase to 25% above the level in the control integration. In a 
previous similar study, the THC continued to weaken for some time after the CO2 
level was fixed, before making a slow recovery. The swift recovery of the THC in 
HADCM2 is due to the advection of positive salinity anomalies into the sinking 
region of the north Adantic. 

This study confirms that some reduction in THC is likely as CO2 increases, due to 
greater increases in precipitation than evaporation at high latitudes. At longer 
timescales the changes in THC are uncertain and depend on the balance between 
competing feedbacks. 

DECADAL CHANGES IN THE THERMOHALINE CHtCULATION OF 
THE NORTH ATLANTIC 

K.P. Koltermann'". A. V. SoW, VJ>. TerechtchenW2», SA. DobroBubov0', 
K. Lorbacher"', A Sy<u 

(1) Bundesamt für Seeschiffahrt und Hydrographie, D-20359 Hamburg, 
Germany, E-mail: koltermann@bsh.d400.de, (2) P.P. Shirshov Institute of 
Oceanology, Moscow, Russia, (3) Dept of Oceanology, Moscow State 
University, Moscow, Russia 

The spatial and temporal temperature and salinity changes of repeated 
transatlantic hydrographic sections at 48, 36 and 24,5° N since 1957 are used to 
describe significant changes of the intermediate and deep waters. They are 
closely related to changes of LSW core properties. Differences in warming and 
cooling trends in the subpolar and subtropical gyres are explained by different 
spreading times of fte LSW. We suggest a rapid spreading of the LSW signal 
through fte whole North Atlantic: from 1 year to fte Newfoundland Basin to 
22-25 years to fte deep western basin at 24,5 N, fte cooling signal propagates 
even faster. Water mass and heat transports suggest an intensification of fte 
MOC in 1981 compared to 1959 or 1993. An intensification of both MHT and 
MOC in 1981 coincided with fte sharp decrease of both LSW production rates 
and total zonal mean transports at 36 N. The role of fte recirculation during this 
period was reduced. Two scenarios of fte interaction of the MOC within the 
circulation of fte North Atlantic are proposed, suggesting that LSW is not a 
main component of MOC but the main role belongs to fte deeper (DSOW) 
transport 

SIMULATION OF THE VARIABILITY OF THE MERIDIONAL 
OVERTURNING CELL IN THE NORTH ATLANTIC OCEAN 
USING A SIGMA COORDINATE MODEL 

H. Knöchel. B.Barnier 
Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble. 
Herve.Knochel@hmg.inpg.fr/Fax:(33-4) 76-82-52-71. 

The meridional overturning stream function (MOS) and the meridional heat 
transport (MHT) are variables commonly used to characterise the strength of 
the thermohaline circulation, especially in the North Atlantic which is the 
region where the most ocean deep water is formed. A topography following 
coordinate model (c-coordinate model, SPEM) is used to simulate and 
understand the variability of the MOS and MHT. The model domain covers 
the North Atlantic and extends approximately from 20°S to 70°N, with a 
resolution of 1.2°. The model is forced with the 15 year monthly mean 
climatology of air-sea fluxes derived from ECMWF reanalysis, and has the 
particularity to explicitly resolve the overflow of deep waters across the 
northern ridges. The processes responsible for the variability of the MOS and 
MHT will be discussed and the contribution of the a-coordinate to the 
overflows and the formation of the Deep Western Boundary Current will be 
underlined. The comparison with results of vertical geopotential level models 
and isopycnal vertical coordinate models will also be presented. 

CONVECTCVE CIRCULATION IN MESOSCALE ABYSSAL BASINS 
Stommel and Arons in their famous work gave an explanation of deep circulation in 
fte ocean on a rotating sphere. Their theory neglects surface wind stress effects to fte 
first approximation and focuses on buoyancy driven flows responsible for the 
formation of stratification of an oceanic basin. The theory of Stommel arid Arons 
also has led to thermocline theory which has been studied intensively last decades. The 
comparable theory of a pycnocline and a buoyantly driven circulation in mesoscale 
basins with a size ranging from 50-1000 km does not exist. The small size of a 
basin over-rides fte planetary beta-effect producing another first order dynamical 
balance. This study presents a candidate theory of buoyancy driven circulation in 
mesoscale basins. Numerical simulations together with laboratory modeling are used 
to show the main features of the buoyancy driven flows. Two types of experiments are 
discussed. The first one is with heating through the top and cooling through the 
outer wall. The second one is with both heating and cooling through the side wall. 
Such types of boundary conditions are typical for lake and semi-enclosed seas. 
Mesoscale circulation in deep oceanic hollow sand trenches also may have a 
similar origin. Azimuthal circulation definitely has a layered structure in the vertical 
direction. The number of layers of cyclonic and anti-cyclonic flow depends on the 
distribution of fte heating and cooling along the boundary of fte basin and from the 
type of dynamic boundary conditions on fte surface of the basin. However at least 
one cyclonic flow and one anti-cyclonic flow exist for all boundary conditions. The 
circulation in fte vertical plane consists of one cell or two cells of different sign 
depending on where the heating is applied. Heating of the outer wall induces 
upwelling but cooling induces downwelling within fte very thin sidewall boundary 
layer. In any case likely to be found in the ocean upwelling occupies the interior 
of the deep basin supporting the thermocline. The closeness of our measured and 
calculated temperature profiles to horizontally uniform stratification suggests also 
an energy argument that produces a non-linear velocity scale. 
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PATHWAYS OP INTERHEMISPHERIC EXCHANGE IN THE 
EQUATORIAL ATLANTIC: LAGRANGIAN ANALYSIS OF 
HIGH RESOLUTION MODELS 

Jürgen Kroger and Claus W. Boning 
Institut für Meereskunde, Düsternbrookerweg 20, D-24105 Kiel. 
jkroegarOifm.uni-kiel.de/Rot: [49] 431-565876 

The simulation of drifter trajectories in ocean circulation models represents a 
powerful tool for following pathways of water masses in four dimensions, an 
alternativ« to Eulerian diagnoslses, particularly in flow regimes with strong 
temporal variations. In the present study, we will focus on the low latitudes 
of two high-resolution models of the North Atlantic (CME, DYNAMO), which 
were run recently at IfM in Kiel, to elucidate the pathways of (a) water masses of 
South Atlantic origin into the Caribbean Sea, (b) southward, interheraispheric 
transport of NADW and its Interaction with the equatorial current variability. 
A time- and spatial-sensitive trajectory algorithm is introduced to compare 
these two models with respect to the dynamic of the equatorial - predominantly 
«Kial - flow system and the role of rctroflectlon eddies, shed off Brazil. 
Further studies of intcrhemispheric transport mechanisms build on an open- 
boundary, eddy resolving submodel of the equatorial Atlantic that is being 
developed to the frame of a new family of modete for the Atlantic Ocean 
(FLAME). 

THE 48°N ATLANTIC SECTION: CHANGES IN WATER MASSES AND 
HEAT TRANSPORTS DURING WOCE 

Karia Lorbacher. K.P. Koltermann 
Bundesamt fur Seeschiffahrt und Hydrographie, Bemhard-Nocht-Strasse 78, 
D-20359 Hamburg, e-mail: lorbacher@bsh.d400.de 

Four repeals of the WOCE/A2 section -situated between the subtropical and the 
subpolar gyre in the North Atlantic- since July 1993, show a significant 
mterannual variability in the baroclinic structure, i.e. the variability in the 
intermediate and deep waters. To quantify this temporal and spatial variability 
we calculated mass, heat and freshwater transports in different density layers and 
compared them with estimates in layers of neutral density. The eastward 
propagating Labrador Sea Water LSW stopped cooling in the western basin in 
1995, in the eastern basin one year later. A warming period was observed at 
nearly constant salinity since. At the deep salinity maximum (ca. 2500 db) 
temperature increased in the eastern basin until 1994 with a slight increase of 
salinity and density, followed by cooling and a density increase until 1996. 
Since, we observe a further warming and a density decrease. In the western 
basin, deep waters continuously cooled until 1996 (0.4°Q with a slight 
freshening and increase in density. In 1993, a thick layer of Subpolar Mode 
Water SPMW with a temperature range of 1°C was reduced in the following 
years to two sharp extrema. In 1997, these have both been 1°C wanner and 0.2 
less dense then in the three previous years. Doming of the subpolar gyre and 
wanning of the SPMW is correlated with the breakdown of the NAO in 
1995-1996. 

SEASONAL VARIABILITY OF THE WORLD OCEAN CLIMATE 

KV.Lebedev (P.P.Shirshov Institute of Oceanology, 36, Nakhimovsky, 117851, 
Moscow, Russia) 

A dynamically balanced circulation of the World Ocean has been obtained using the 
adjustment of Bryan-Cox type model to Levitus (1994) climatology and Hellermann 
(1983) wind stress. The adjustment has been performed via integration of the 
equations on 1 degree grid until variability with time scales faster than 10 days has 
been removed. At low latitudes the residual variability time scale was found to be 250 
days. The computations were performed separately for the annual mean and four 
seasonal climatologies. Annual mean transports in through the major choke points are: 
20 Sv Florida Strait, 99 Sv Drake Passage, 25.5 Sv Makassar Strait.... Mass, heat and 
salt transports across a large number of WOCE meridional and zonal sections were 
calculated. The heat and salt transports across 35 S are estimated as +0.34 PWt and -18 
ktons/sec respectively. The seasonal variations of the heat transport across this section 
are: -0.50 PWt in Winter, +0.77 PWt in Spring, +0.71 PWt in Summer and +0.01 PWt 
in Fall. Indonesian throughflow into the Indian Ocean (is close to 25 Sv) ranges 
between 22 and 26 Sv for different seasons. Seasonal variability of mass, heat and salt 
transports across the three key sections in the Southern Ocean is discussed. 

THE NORTH ATLANTIC ATMOSPHERE - OCEAN OSCHLATION: 
OBSERVATIONS OF THE OCEAN'S PARTICIPATION IN A SLOW- 
LY VARYING CLIMATE 

M.S. McCartney (1) 
Woods Hole Oceanographic Institution 
mmccartney@whoi.edu 

There is growing evidence for the participation of the North Atlantic in a dec- 
adally varying North Atlantic Atmosphere - Ocean Oscillation (NAAOO), a 
phenomenon spanning the tropical, subtropical, subpolar and polar domains. A 
brief review of the NAAOO covarying atmospheric, sea surface, mixed layer, 
thermocline and deep water fields is presented, as well as some thoughts on the 
issues these observations raise and some ideas of strategies for sustained mea- 
surements and for critical process studies. This phenomenon involves the 
simultaneous coupled variability of the Thermohaline Circulation - the strong 
meridional overturning circulation of the North Atlantic - and the strong recir- 
culating gyres of the upper ocean including their gyre - gyre exchanges. It also 
seems that at mid - latitudes the deep and sub - thermocline circulations may be 
critically linked in the western boundary current regime, so that deep variability 
can feed back to alter upper ocean circulation pathways and warm water 
advection. This in turn may alter the oceanic response to changing forcing from 
that of Rossby wave adjustment of gyre interior, and thus in a coupled ocean- 
atmosphere system the time constant and nature of oscillations. 

The freshwater forcing of the thermohaline circulation: 
Analysis of a coupled GCM 

G. Lohmann, R. Voss, U. Mikolajewicz 

The hydrological cycle links the oceanic thermohaline circulation with the Earth's 
water budget Today's atmospheric freshwater transport makes the Atlantic saltier than 
the other ocean basins affecting the ocean's circulation and thus in turn the 
hydrological cycle. We examine the role of the freshwater forcing for the thermohaline 
circulation by analyzing different quasi-stationary climate states of the coupled 
circulation model ECHAM3-T21/LSG. 

In our control climate, the Atlantic catchment area is a net evaporative region. For the 
analysis of the hydrological cycle, we compare the water routes for a colder and a 
warmer climate with the water routes of the control climate. The cold climate is 
generated by a melt water release in the northern North Atlantic whereas the warm 
climate comes from a doubled C02 concentration in the atmosphere. We find that the 
water vapour export out of the Atlantic catchment area is enhanced for both the colder 
and warmer climate states. 

It is argued that the enrichment of sea surface salinity along the conveyor belt accounts 
for a stabilizing effect for the thermohaline circulation. A 700-year integration of the 
coupled model with doubled CO, concentration shows an increase in North Atlantic's 
salinity reestablishing a circulation strength close to the present day's value. The 
ocean's water routes in the global model are furthermore analyzed. 

MID-BASIN FLOW IN THE SUBPOLAR NORTH ATLANTIC 

M, S, McCartney (1), K. A. Donohue (2) 
(1) Woods Hole Oceanographic Institution (2) University of Hawaii 
mmccartney@whoi.edu, kathyd@soest.hawaii.edu 

The U.S. WOCE Atlantic Circulation and Climate Experiment (ACCE) sup- 
ported hydrographic cruises on the R/V Knon during 1996 and 1997 in the 
eastern subpolar and subtropical gyres northward of the Azores and south- 
ward of Iceland. Subpolar and subtropical waters flow eastward as the North 
Atlantic Current (NAC) and turn northward into the subpolar gyre, a flow that 
includes warm and saline subtropical waters branching from the subtropical 
gyre into the subpolar gyre. This is the warm limb of the warm- to- cold water 
transformation pathway. While some of this warm flow passes northward into 
the Nordic Seas, the rest turns westward, ultimately to make its way into the 
Labrador Sea. By what pathways and flow intensities the eastward flowing 
NAC waters turn northward and then westward are venerable issues, but re- 
main controversial. These issues are important to resolve, for the associated 
water mass transformation are central to the thermohaline circulation and re- 
gional climate variability. Using a combination of high resolution hydro- 
graphic transects, hull-mounted and lowered acoustic Doppler current 
profiling and a historical hydrographic data base we give an interpretation of 
the warm-water circulation and transformation within the subpolar gyre with 
a particular focus on the relation of the flow field to the Reykjanes Ridge. 
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INTERHEMISPHERIC EXCHANGES OF MASS IN THE ATLANTIC 
OCEAN 

H, Meroier. M. Lux, and M. Arhan (Laboratoire de Physique des Oceans, 
CNRS/IFREMER/UBO, PlouzanS, France, herle.mercier@ifremer.fr) 

Two zonal and two meridional hydrographic sections at 7.5°N, 4.5°S, 35°W and 
4°W, which were occupied in January-March 1993 in the equatorial Atlantic Ocean, 
are combined in an inverse model to estimate the circulation and evaluate 
interhemispheric exchanges of mass and properties. Focussing on the thermohaline 
circulation, it is shown that, at the time of the cruise, the southward transport of cold 
water presents an hemispheric asymmetry. North of the equator, the maximum 
southward transport is associated with the lower component of the North Atlantic 
Deep Water (NADW) and occurs as a Deep Western Boundary Current South of 
the equator the southward transport of NADW is mainly associated with the upper 
component of the NADW, part of it being found in the eastern bassin. This transport 
asymmetry is explained by the conversion of lower NADW into warmer water in the 
equatorial region, and by the conversion of some Antarctic Intermediate Water into 
upper NADW. As a consequence of the latter conversion, the amplitude of the 
thermohaline cell increases from 20 Sv to 30 Sv between 7.5°N and 4.5°S. At 4.5°S, 
the return flow of warm water occurs as a northward geostrophic flow of central and 
intermediate waters. Part of these water masses upwell in the equatorial current 
system, so that at 7.5°N the northward flow of warm water mainly occurs in the 
Ekman layer. 

THE SEPARATION FORMULA AND ITS APPLICATION 
TO THE UPPER WARM LAYER IN THE ATLANTIC 
OCEAN 

D.Nofand S. Van Gorder 
Department of Oceanography 4320, Florida State University, 
Tallahassee, Florida 32306-3048 U.S.A. 
nofi@ocean.fsu.edu/Fax: 850-644-2581 

A different way of looking at the meridional warm water (09 < 
26.8) flux in the Atlantic is proposed. We consider a northward 
flowing upper layer, a stagnant intermediate layer and a southward 
flowing deep layer. By choosing an integration path to begin at one 
separation point (the Brazil Current separation from South 
America) and end at another separation point (the Gulf Stream 
separation) the pressure terms drop out and we obtain a rather 
simple expression for the meridional upper layer transport (T) that 
is independent of the pressure field. 

Surprisingly, we find the computed warm water transport to be less 
than one (1) Sverdrup, an amount that is insignificant compared to 
the frequently quoted values (10 - 20 Sv). This disagreement 
occurs because the common suggestion that surface Atlantic water 
flows northward and sinks in high latitude due to wind and high- 
latitude cooling alone is in doubt. The discrepancy between the two 
values is resolved when a tow or mid-latitude conversion of 
intermediate to upper 
thermocline water (via upwelling) is added to the model. 

ADCP-BASED OBSERVATIONS OF THE SEASONAL CYCLE OF 
TRANSPORT THROUGH THE BAB EL MANDAB STRAIT, 1995-1997 

SiMinas (1) and W. Johns (2) 
(1) Coastal Studies Institute, Louisiana State University, (2) RSMAS, University of 
Miami; smurray@antares.esUsu.edu/Fax: +504-388-2520 

The exchange flow between the Red Sea and Gulf of Aden-Indian Ocean through 
the Bab el Mandab Strait was measured continuously from June 1995-January 1997. 
ADCP and conventional current meters and temperature-salinity chain moorings 
allow an unprecedented look at the magnitude and seasonal evolution of the inflow 
layer from the Gulf of Aden and the high salinity outflow layer from the Red Sea. 
The timing, structure, and evolution of die summer mid-depth intrusion of cold, low 
salinity water into the Red Sea from the Gulf is measured for the complete intrusion 
cycles of 1995 and 1996. We unexpectedly find the deep outflow still strong in June 
1995, with speeds of 0.6 m/sec and transport of 0.4 Sv. From July to mid- 
September, the deep outflow persists but is attenuated to speeds of 0.2 m/sec and 
transport of 0.05 Sv. The dominant summer feature, the cold low salinity inter- 
mediate layer intrusion, persists for 3 months, and carries approximately 1.7 x 10" 
m3 of cold nutrient-rich water to the Red Sea. Computations from the salinity 
transport allow estimates of basin-wide evaporation rates. The winter regime begins 
in mid-September, is fully developed by early November, and continues to the end 
of the first observation in-terval in March 1996. Speeds in the lower layer are 0.8- 
1.0 m/sec and 0.4-0.6 m/sec in the upper layer. At maximum exchange in mid- 
February, outflow transport reaches 0.7 Sv. Ubiquitous oscillations in current and 
salinity at synoptic and intra-seasonal periods appear related to fluctuations in the 
along-channel wind forcing and perhaps to coastally-lrapped waves. 

THE AATW GENERAL CIRCULATION IN THE BRAZIL BASIN AND 
EQUATORIAL ATLANTIC 

Michel Ollitrault (IFREMER/Centre de Brest, France), mollitra@iftemer.fr 

49 MARVOR floats launched in 1994, and tracked during two years, give a fine 
description of mean currents and mesoscale turbulence at 800 m depth. 
AATW, flowing westward near 25°S within the northern branch of the South 
Atlantic anticyclonic subtropical gyre, splits into two parts when reaching the 
continental slope near 28°S. Part of it flows northward as an intermediate (depth) 
western boundary current (IWBC), bordering the slope at least up to 5°N. The other 
part flows south and finally merge into the South Atlantic current between 40° and 
48°S rejoining newer AAIW injected from the Drake passage. 
In the equatorial zone, the IWBC retroflects near 2-3°S and part of AAIW is then 
adverted eastward. After a long excursion (at least to 15°W), it comes back 
westward along the equator. 
The IWBC is frequently accompanied by a countercurrent offshore, and sometimes 
leaves the coast to penetrate into the interior. This leads to an homogeneization in 
the interior between 21°S and 5°S. Accordingly, mean currents are very weak there. 

ON EQUATORIAL CURRENTS OF THE INDIAN OCEAN 

.(3) 
36, Nakhimovsky pr., 

Neiman V.G. (1), Byshev V.l. (2) and Aleynik D.L. 
(1,2,3)  P.P.Shirshov Institute of Oceanology RAS, 
117851, Moscow, Russia. 
<Jmitry«clime.ioran.nsk.ru/Fax: [095] 124-59-83 

Based on array of all available oceanographic observations in equatorial zone 
(6 N - 6 S) of Indian ocean mean annual and seasonal fields of temperature, 
salinity and pressure of water were calculated and constructed. Analysis of sin- 
gularities in the fields allowed to detect the Tareev Current, which is peculiar 
analog of subsurface equatorial countercurrents in other two "tropical" oceans. 

Spatially-temporal structure of Tareev Current and it's connections with a sys- 
tem of general circulation of Indian ocean were considered. 

It is shown, that observational data on common and specific features of equa- 
torial currents in different regions allow to introduce the new contribution to 
study of a nature and structure of the World ocean global circulation. 

The work was carried out at support of Russian Basic Research Foundation 
(Grant N 97-05-64802). 

TRACER STUDIES IN  THE  SOUTH  ATLANTIC 
ANTARTIC INTERMEDIATE WATER 

A. Putzka, W. Roether and H. Rose. 
University of Bremen FBI, Institute for Environmental Physics - Tracer 
Oceanography, Box 330440,28344 Bremen, Germany 
hrose@phYsiic.uni-bremen.de 

Certain Chloroflourocarbons (CFCs) added to ocean surface waters in recent 
decades are suited to study transfer of surface waters into Antarctic 
Intermediate Water (AAIW). We use data originating from three zonal 
"WOCE" sections across the South Atlantic (WHP A8/11.7°S, A9/19°S, 
A10/30°S), and 6 "SAVE" sections. Because the sections are non-synoptic, 
the CFC data were time-corrected to a common year. 
The northward flowing AAIW is diluted by exchange with the water masses 
above and below it, by which its properties are changed! One observes in the 
property distributions a northward decrease in CFC and oxygen but an 
increase in salinity concentration. A multi-tracer analysis was applied to 
separate the AAIW into contributions of different source water masses. A 
meridional CFC budget is calculated by integrating the pure AAIW 
components and their corresponding CFC signal in space. Due to the 
transient signal of the CFCs, this enables a mean turnover time of the AAIW 
to be derived. 
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INFLUENCE OF MEDITERRANEAN OUTFLOW 

ON THE ATLANTIC THERMOHALINE CIRCULATION 

Stefan Rahmstorf 
Potsdam Institute for Climate Impact Research, PO Box 60 12 03, 
D-14412 Potsdam, Germany. E-mail: Rahmstorf@pik-potsdam.de 

The outflow of salty water from the Mediterranean into the Atlantic 
is thought to contribute to the formation rate and the relatively high 
salinity of North Atlantic Deep Water, and it has been suggested 
that it may influence climate in the North Atlantic. 

I present results from a coarse-resolution global ocean model 
coupled to a simple atmospheric energy balance model, and 
compare the circulation and surface temperatures obtained with and 
without the effects of Mediterranean outflow. 

GEOSTROPHIC TRANSPORT AS INFERRED FROM XBT DATA THROUGH 
ANALYTIC T-S DIAGRAMS 

A. Rodroguez-Santana, A. Marrero-Doaz, J. L. Pelegro, Departamento de Fosica, 
Universidad de Las Palmas de Gran Canaria, Campus Universitario de Tafira, 35017, 
Las Palmas de Gran Canaria, e-mail: angel.rodriguez@fisica.ulpgc 

In this work we present a procedure aimed at estimating geostrophic velocities and 
associated transports from XBT data in the Canary Basin. This procedure consists in 
analysing historical CTD data to obtain analytic T-S diagrams for 2 x 2| boxes in the 
25-35|N and 8-35|W domain. These diagrams allow us to determine potential density 
from temperature alone. Them, form the potential density estimate we can calculate 
the geostrophic velocity referred to an isopycnal surface, simply by replacing pressure 
by the Montgomery function. The water transports are finally integrated from the 
African coast for different isopycnal bands, an water masses budgets are examined. 

It is found that including Mediterranean water in the model leads to 
a warming of the northern North Atlantic by a few tenths of a 
degree and an enhancement of the NADW outflow by 1-2 Sv. 

PRELIMINARY CANARY CURRENT TRANSPORT MEASUREMENTS 
FROM UNDERSEA TELEPHONE CABLE. 

J.Ramirez (1), P.Sangra (2) 
(l)Telefonica de Espa+/-a . S.A. (2) Universidad de Las Palmas de Gran Canaria. 
Spain (2) pablo.sangra @fisica.ulpgc.es 

Cross stream voltage from an undersea sea telephone cable (PECAN2-EXTENSION) 
connecting Gran Canaria and Tcnerife islands are being measured with the aim to give 
estimates of Canary Current transport. The volume transport of the Canary Current is 
derived from motionally induced voltage differences (see Larsen 1992, Phil. Trans. R. 
Soc. Lod.) between Gran Canaria and Tenerife islands. Preliminary results of such 
measurements will be exposed. 

THE WORLD OCEAN THERMOHALINE CIRCULATION 
CALCULATED BY NEW ADJUSTMENT METHOD 

A.S. Sarkisvan'. Yu.A. Ivanov2, K.V. Lebedev2 

'institute of Numerical Mathematics, RAS, Moscow, Russia 
E-mail:ocean@inm. ras.ru 
2Shirshov Institute of Oceanography, RAS, Moscow, Russia 
E-mail:ioranlebedev@glasnet.ru 

A new approach called OMMEGA (Ocean Modelling by Method of General 
Adjustment) was developed to obtain ocean thermohaline circulation 
characteristics using temperature (7) and salinity (S) observation data. The 
essence of the method is that the ocean is divided into many small-scale areas 
with statistically sufficient data (SSD) and those with statistically not-sufficient 
data (SNSD). To process the data, a 3DPEM is used with special regeneration 
procedure which corrects data observed in SNSD areas without smoothing T, S 
data in SSD areas. 

First we apply this method using the Levitus T and S data (with resolution 1° x 1° 
for the World Ocean) to obtain all mutually adjusted characteristics for two seasons 
(20 climatic vertical levels). Realistic bottom topography and coastlines of all 
islands with sizes exceeding 1° were included in the model. Then OMEGA was 
applied to selected areas yielding intensified flow velocities, gradients of T and S, 
and sea-surface height. 

A new analysis of hydrographic data in the Atlantic and its application to an inverse 
modelling study. 

by T. Revnaudt 1) P. l.eCuaml(2), H. Mcrcier(2) and B. Borniert 1) 
(i) LEGI, Grenoble (2) LPO, llromer, Brest 

Since the late 70's climatologies of ocean properties have been produced bv several 
authors (Reid, 1978, Levitus, 1982) from analyses ol'historical temperature and salinity 
measurements. Although these climatologies have been of great help for the scientific 
community, they have been criticized because they do not reproduce important frontal 
structures (nearly no North Atluntic Current, no Deep Western Boundary Current) 
which limits their use in diagnostic estimates of the climatological ocean circulation. 

A new climatology is proposed here lor the Atlantic with a high vertical resolution 
that resolves the horizontal/vertical distribution of water masses. The data set used in 
this analysis contains nearly 640,000 stations including recent WOCF. sections. All 
stations are first vertically interpolated onto 72 standard levels with a maximum vertical 
spacing of 100m. After a quality check procedure, the validated stations are gridded 
onto a 1° by 1° grid. The gridding scheme averages all data within a calculated radius 
of influence. The value of this radius ranges from 50-100 km in coastal regions to 
200-450 km in offshore regions. This region-dependent radius prevcnfsThe excessive 
smoothing of frontal structures apparent in previous climatologies. 

An ocean circulation estimate is diagnosed from this new cliniatologv using the 
inverse model of Mercier et al (1993) constrained by mass conservation, potential 
vorticity conservation, and Kkman fluxes computed from the KRS-1 wind field Gridded 
fields, circulation and transports are presented and discussed. 

IDENTIFICATION, CHARACTERISTICS AND DYNAMICS OF 
SOUTHWESTERN ATLANTIC FRONTS 

Severov D.N., V.A.Severova, M.M. Blanco & GJ. Nagy 
Facultad de Ciencias, Universidad de la Rep-blica, Uruguay 
E-mail: dima@fcien.edu.uy gunab@genetica.edu.uy 

SW Atlantic fronts and water masses are studied from climatic data (5000 stations), 
Marathon Exp. (leg. 8), 7METEOR? satellite SST data base (1989-1994) and ?ds277? 
SST (Reynolds, 1982-1995). Fronts were established by applying a baroclinic ocean 
model to calculate maximum velocities at 100 m depth. Their location coincide with 
the surface isotherms: 20,18,15,12,10,7,5 and 3|C. Water masses are analyzed and 
classified. SA Central Water (SACW) has two types: tropical (TW) and subtropical 
water (STW), which vertical distribution indicates interfrontal zones. Their surface 
limits correspond to the above isotherms. We find stable T-S relationships below the 
friction layer: 20/36.4,18/36.1, 15/35.6, 12/35.1,10/34.8,7/34.4 and 5/34.25. These 
sharp changes of surface depths indicate frontal zones. Both satellite SST data bases 
show the same modes corresponding to the 18,15,12,10,7, and 5|C isotherms. 
Gradients >l|C/100 km indicate frontal zones that closely match those isotherms 
independently of the spatial/time change in the SST field. A new nomenclature of 
fronts is offered: Principal Subtropical Front (PSTF-18); Subtropical Front (STF-15); 
Surface Subtropical Front (SSTF-12); Subantarctic Front (SAF-IO); Circumpolar 
Subantactic Front (CSAF-5); and Polar Front (PF-3). The sign of vertical velocities 
component on the 18,10,5 and 3JC isotherms shows spatial-time stability and 
correspond to the Main Fronts. The maximum gradient (> 5|C/100 km) occurs at the 
Brazil Current Front (BCF), and it can be over any subtropical front (STF) depending 
on the season. A similar behavior is observed for the Malvinas Current Front (MCF). 
BCF is a part of Brazil-Malvinas Confluence (BMC) where all thermohalines surfaces 
are the deepest of the SWA. The front defined by Roden (1989) as BCF at the 300-500 
m layer is defined by us as Subtropical Front (STF). We present fronts dynamics all 
along the data bases periods. Minimum mean depth of the pycnocline coincide with 
the BMC fronts indicating the paths of low-salinity waters into the open ocean. 
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EFFECTS OF VARIOUSE BOUNDARY CONDITIONS ON THE 
THERMOHALINE CIRCULATION AND SEA ICE COVER IN AN 
ISOPYCNAL MODEL FOR THE NORTH ATLANTIC AND THE 
ARCTIC OCEAN. 

Knud Simonsen and Helge Drange 
Nansen Environmental and Remote Sensing Center, Edv. Griegsv. 3A, N-5037 
Solheimsviken, Norway. 

A modefied version of the Miami Isopycnal Ocean Model (MICOM) coupled 
to an thermodynamic and dynamic sea ice model is set up for the Atlantic 
Ocean north of 20° S and the Arctic Ocean. The model utilize local orthogonal 
curvilinear horizontal grid coordinates and 23 isopycnal layers in the vertical. 
The focus is on the Nordic Seas where the resolution is about 55 km and 
the maximum grid distance of about 300 km is in the southern Atlantic. The 
model is initialized from a climatological ocean state and is forced by monthly 
mean forcing fields. A serie of sensitive experiments is performed with variouse 
boundary conditions in the South Atlantic and in the Bering Strait, and with 
changing strength of relaxation towards observed sea surface temperature and 
salinity. The results from these experiments is discussed. 

INTERDECADAL VARIABILITY OF THE NORTH ATLANTIC THERMOHALINE 
STRUCTURE AND CIRCULATION: COMPARISON OF RUSSIAN WOCE-97 AND THE, 
HISTORICAL DATA. 

A.V.Sokov', S.A.Dobroliubov", V.P.Tereschenkov' 
'P.P.Shirshov Institute of Oceanology, Nahimovsky 36,Moscow, 
117851, Russia; e-mail: sokov@gulev.sio.rssi.ru 
boba@gulev.sio.rssi.ru 
"Department of Oceanology, Moscow Stete University, Moscow, 
117234, Russia; e-mail: dobro@ocean.geogr.msu.su 

Interdecadal changes of thermohaline characteristics and 
circulation of the intermediate and deep waters of the North 
Atlantic are considered. The results are based on the comparison 
of the Russian 1997 survey of 60°N; WOCE AR5 and AR20N sections 
with the historical data. Significant changes of the T,S 
properties of the LSW, GFZW and DSOW are found, along with 
associated changes of the cross section mass and heat fluxes.The 
earlier determined intensification of the MOC in the 80-s is 
confirmed. The MOC strengthening is accompanied by the rapid 
decrease of the recirculation flows and the formation of the well 
defined two layer structure of the MOC. In 1997 if compared to 
50s and 80s the LSW and the CGFZW have freshened and cooled. The 
DSOW has experienced the warming tendency. The associated changes 
of the LSW pathways have been found as well. 

LARGE-SCALE PATTERNS OP TURBULENT VERTICAL MIX- 
ING IN THE BRAZIL BASIN: IMPLICATIONS FOR THE 
ABYSSAL CIRCULATION 

R. W. Schmitt, J. M . Toole, K. L. Polzin and J. R. ledwell 
Woods Hole Oceanographic Institution, Woods Hole, MA 02543 USA. 
rachrniMOhoi.edu/Fax: [44] 1223 337918 

The rate of bottom water formation requires a vertical mixing coefficient 
of lxl0~*m2/a in the deep ocean, while most microstructure data yield an esti- 
mate an order of magnitude smaller. We have begun to search for this "missing 
mixing" in the abyssal ocean using the High Resolution Profiler which is capa- 
ble of full water-column measurements of turbulent dissipation. In addition, we 
have monitored the spread of a deliberately injected tracer as part of the Deep 
Basin Experiment. Sections of the vertical dimisivity to and from the injec- 
tion site reveal a remarkably simple pattern: mixing was uniformly weak over 
the smooth abyssal plains of the western Brazil Basin and strongly enhanced 
above the rough topography near the Mid-Atlantic Ridge (MAR). The elevated 
turbulence extends to 2000-3000 meters above the. bottom and is correlated 
with enhanced velocity finestructure due to tidal-frequency internal waves orig- 
inating at the bottom. The dissipation increases with depth, which indicates 
a downwardly divergent diapycnal velocity in the depth range of 3000-4000 
m, consistent with the observed tracer dispersion in the vertical. Estimates of 
the meridional velocity by use of the planetary vorticity balance are in rough 
agreement with the observed southward tracer displacement. At deeper depths 
we infer an eastward advection of Antarctic Bottom Water within the fracture 
zones adjacent to the MAR, which is sufficiently strong to balance the Bot- 
tom Water budget for the Brazil Basin. The robust turbulence signal, with its 
relatively smooth variation over large scales, suggests that full water-column 
dissipation measurements can tell us much about the abyssal and intermediate 
water circulation. 

MULTIYEAR   VARIABILITY   OF   THE   UPPER   OCEAN   THERMAL 
STRUCTURE OF THE NORTH ATLANTIC CURRENT REGIME 

Martin Stollev and Alexander Sy 
Bundesamt   für   Seeschiffahrt   und   Hydrographie,   Bernhard-Nocht-Str.   78, 
D-20359 Hamburg, Germany, E-mail: stolley@bsh.d400.de 

Since May 1988 high density XBT-Measurements are carried out along a line 
from the English Channel to Halifax/New York as a contribution to the WOCE 
Voluntary.Observing Ship Programme (WOCE line AX3). Until now more than 
100 sections cover die transition zone between the sub-polar and the sub-tropical 
gyre of the North Atlantic. Having a temporal resolution of 2 to 10 weeks for 
subsequent cruises the spatial resolution of XBT-drops varies from 10 to 40 
nautical miles, with most of the profiles covering a depth of more than 750 
Meters. Normalized monthly anomalies of heat content show consecutive phases 
of anomalously lows (1988 - 91 and 1994 - 95) and highs (1992 - 93 and since 
1996) in the North Atlantic Current regime. This investigation was extended to 
heat flux estimates by means of recent CTD-data from WHP section A2/AR19 
and additional XCTD-sections. 

THE STABILITY OF THE THERMOHALINE CIRCULATION IN 
GLOBAL WARMING EXPERIMENTS. 

Andraoa Schmittner (1) and T. F. Stocher (2) 
(1,2) Climate and Environmental Physics, University of Bern,, Sidlerstrasse 5, 
CH-S01J Bern, Switzerland. 

A simplified climate model of the coupled ocean-atmosphere system is used to 
perform extensive sensitivity studies concerning possible future climate change 
induced by anthropogenic greenhouse gas emissions. Supplemented with an 
active atmospheric hydrologies! cycle experiments with different rates of COj 
increase and different climate sensitivities are performed. The model exhibits 
a threshold value of atmospheric pCOj beyond which the North Atlantic deep 
water formation stops and never recovers. For a climate sensitivity which leads 
to an equilibrium warming of 3.6°C for a doubling of CO] and a rate of C03- 
incretM of 1%/year the threshold lies between 650 ppmv and 700 ppmv. 
Moreover it is shown that the stability of the thermohaline circulation 
depends on the rate of increase of greenhouse gases. For a slower increase of 
atmospheric pCOj the final amount that can be reached without a shutdown 
of the circulation la considerably high«. This rato-isniitive response is due to 
the uptake of heat and excess fresh water from the upper-most layers to the 
deep ocean. 

SPREADING OF THE "1988 LABRADOR SEA WATER CASCADE" 
ACROSS THE NORTH ATLANTIC OCEAN 

Alexander Sv (1), Monika Rhein (2) 
(1) Bundesamt fur  Seeschiffahrt und Hydrographie Bernhard-Nocht-Str. 78, 
D-20359  Hamburg,   Germany,  (2)  Institut  fuer Meereskunde,  Kiel,  E-mail: 
sy@bsh.d400.de 

Several repetitions of transoceanic WOCE sections A1/AR7 and A2/AR19 from 
1991 through 1997 reveal significant and rapid changes in the intermediate layer 
of the sub-polar North Atlantic. Watermass property characteristics are used to 
track the recent spreading of a cascade of new modes of Labrador Sea Water 
(LSW) throughout the northern North Atlantic that started with a series of 
intensifying deep wintertime convection events since 1988 in the Labrador Sea. 
The arrival of these LSW vintages in other parts of the North Atlantic is marked 
by a substantial cooling, deepening, densification and transient tracer increase of 
the local LSW core. The trans-Atlantic spreading rate leads to surprisingly high 
mean speeds which are about three to four times higher than previously 
suggested. This event, as a conclusive evidence for interdecadal climate 
variability, now comes to an end. 
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EFFECTS OF WIND AND GEOMETERY ON THE THERMOHALINE 
CIRCULATION OF AN OCEAN MODEL 

Geoffrey K. Vallis 
Dept. of Ocean Science, UCSC, 
Email: vallis@cascade.ucsc.edu 

The effects of wind and geometry on the thermohaline circulation and 
stratification of a P.E. model are studied. We show that the model fhermocline 
contains two distinct dynamical regimes: an adiabatic regime (and a ventilated 
fhermocline) and, beneath this, a diffusive regime (an internal fhermocline). The 
scaling of the overturning circulation with diffusivity is show to depend critically 
on the presence or otherwise of ekman pumping. We further discuss the 
maintenance of deep stratification and the overturning circulation in the model. 
With small but constant diffusivity and a closed (simply-connected) basin the 
deep model ocean is too homogeneous and the stratification too weak. Allowing 
periodic boundary conditions over a fraction of the Southern part of the domain 
serves to trap the densest water at the southern edge, but does not of itself 
provide deep stratification. Allowing a partially blocked periodic channel 
robustly provides deep stratification throughout the model domain, well into the 
opposite hemisphere. This suggests that the deep stratification of the ocean 
arises through a combination of the production of cold dense water and a 
partially blocked period Southern ocean that allows the water to spread. 

SF6 AS A TRANSIENT TRACER IN OCEANOGRAPHY 

V.Walz, H.Hildebrandt, M.Christi and R.Bayer 
Institut für Umweltphysik der Universität Heidelberg. 

Sulfur hexafluoride (SF6) has been used as purposeful tracer to study ocean 
circulation and convection processes. Its potential as transient tracer, however, 
may be as great and similar to that of the halocarbons. The temporal trend 
of the atmospheric SFg concentration is well known and shows a significant 
increase over the last two decades. Two SFö data sets including water as well 
as air samples which were taken in 1997 in the North Atlantic and the Nordic 
Seas show that the saturation of SFs in the surface layer usually is close to 
equilibrium. 
As an example for the potential of SF6 as transient tracer the North Atlantic 
data, which cover stations in the Labrador Sea, the Irminger Sea and close to 
the Rockall Trough, are used to give an upper estimate of the spreading rate of 
Labrador Sea'Water (LSW). The temporal evolution of the SF6 concentration 
in the central Labrador Sea is reconstructed by means of a simple box model 
and compared with the values in the core layer of the LSW to the east and 
west of the Reykjanes Ridge. 
Similar considerations for the Nordic Seas are impaired by increased SFs con- 
centrations of the Greenland Sea Deep Water (GSDW) bottom layer which 
result from a tracer release experiment conducted as part of the ESÖP-2 pro- 
gram. However, future observations of this tracer signal could result in valuable 
information about the spreading of GSDW in the Nordic Seas. 

BIFURCATION ANALYSIS OF THE 3-D THERMOHALINE CIR- 
CULATION 

G. van der Schrier and L. R. M. Maas 
Netherlands Institute for Sea Research, p.o.box 59,1790 AB Texel, The Nether- 
lands. 

A simple model for the 3-D thermohaline ocean circulation on an equatorial 
/3-plane is presented, describing ocean dynamics in terms of basin averaged 
angular momenta and basin averaged first and second order spatial density 
derivatives. It is a low order projection of the Navier-Stokes equations. The 
boundary condition for temperature is a prescribed heat flux while the (virtual) 
salt flux is coupled to the SST via a simple parametrization of evaporation. 
The bifurcation structure of this model is determined with a numerical con- 
tinuation technique. It is investigated how the pole-to-pole solutions, known 
from studies of 2-D thermohaline circulation, transform in the rotating case 
by increasing ß from zero onwards. Variability induced by the increase of ß is 
discussed. 
The mechanism responsible for cross-equatorial flow in this simple model is 
outlined. 

THE NORTH ATLANTIC DEEP WATER DEEP WESTERN 
BOUNDARY CURRENT Df THE MID-BRAZIL BASIN INFERRED 
FROM MOORED CURRENT METER OBSERVATIONS 

G. Weatherlv (1), Y.Y. Kim (1), and E. Kontar (2) 
(1)    Department    of   Oceanography,    Florida   State     University, 
Tallahassee, FL,  (2)  Shirshov Institute of Oceanology, Moscow 
weatherly@ocean.fsu.edu/Fax:01-85Ö-644-2581 

Moored current meter observations obtained at » 18S in the western 
Brazil Basin between September 1993 and March 1995 are used to 
investigate the North Atlantic Deep water (NADW) Deep Western 
Boundary Current (DWBC) and yield  the   following  conclusions. 
(1) The transport of the NADW DWBC is 39±5 Sv (1 Sv - lxlO6 mV). 
(2) The flow is not directed along the approximate southward 
trending bathymetry, but is rather toward the southeast, apparently 
due to blocking effects of the Trindade-Victoria Seamount Chain 
» 300 km to the south. (3) The volume transport has a seasonal 
variability of amplitude = 10 Sv with the transport being greatest in 
the austral summer (January - February) and least in the late 
austral winter, early spring (September-October). (4) The Antarctic 
Intermediate Water immediately above, and the Antarctic Bottom 
Water immediately below also flow in the same direction as the 
NADW DWBC and transport about 10 Sv and 4 Sv, respectively. 

BIFURCATION ANALYSIS OF THE 2-D THERMOHALINE CIR- 
CULATION 

G. van der Schrier and L. R. M. Maas 
Netherlands Institute for Sea Research, p.o.box 59,1790 AB Texel, The Nether- 
lands. 

A simple model for the 2-D thermohaline ocean circulation in a double hemi- 
spherical basin is presented, describing ocean dynamics in terms of basin aver- 
aged angular momenta and basin averaged first and second order spatial den- 
sity derivatives. It is a low order projection of the Navier-Stokes equations. The 
boundary condition for temperature is a prescribed heat flux while the (virtual) 
salt flux is coupled to the SST via a simple parametrization of evaporation. 
The bifurcation structure is determined with a numerical continuation tech- 
nique. It is found that the equatorially symmetric equilibria bifurcate to equa- 
torial asymmetric solutions. Depending on the relative strength of the salt flux, 
solutions can be found with a robust 2-cell structure. A wedge-shaped dominant 
cell, covering the largest part of the basin, is situated on top of a wedge-shaped 
weaker cell. The dominant and the weaker cell feature formation of deep-water 
near opposing poles. For higher values of the forcing, this stationary equilibrium 
bifurcates into a periodic equilibrium, with a typical period on the overturning 
time-scale. A physical mechanism for the symmetry breaking and the transi- 
tion to a periodic equilibrium is outlined. The model is also run under the 
traditional mixed boundary conditions (restoring to a prescribed ocean surface 
temperature and prescribing a salinity flux), and the differences with the flux 
boundary conditons are discussed. 

THE IMPACT OF INTERBASIN EXCHANGE ON THE AT- 
LANTIC OVERTURNING CIRCULATION 

W. Weijer, W.P.M. de Ruijter, P.J. van Leeuwen and H.A. Dijkstra (Institute 
for Marine and Atmospheric research Utrecht, Utrecht University, Princeton- 
plein 5, 3584 CC Utrecht, The Netherlands, weijer@fys.ruu.nl) 

To compensate for NADW export, the Atlantic extracts water from two sources 
with contrasting water mass characteristics: cold and fresh water entering 
through Drake Passage, and warm and salty water entering by Agulhas Leak- 
age. However, the exact division of this shallow return transport between both 
candidates is only poorly known. This composition is not only important for 
the heat and freshwater balance of the Atlantic: it may also influence the over- 
turning strength directly, as it modifies the energy balance in the Atlantic. 
To address this hypothesis, we analysed the climatology of the U.K. OCCAM 
model and estimated the distributions of heat and salt fluxes through the 70°W 
and 20°E sections. It was found that the Agulhas region acts as a source of 
heat and salt for the Atlantic, while the ACC acts as a sink. Based on these 
results, source distributions of heat and salt were constructed and applied in 
a zonally averaged model of the Atlantic overturning circulation. The strength 
and stability properties of the overturning circulation were studied in relation 
to changes in the source distributions, to assess the impact of changing NADW 
return flow composition on the thermohaline circulation. 
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An inverse box model of the nothern North Atlanitc 

S. Woelk, S. Esselbom, J, Meincke 
Institut für Meereskunde der Universität Hamburg, Germany 
woelk@ifm.uni-hamburg.de 

From October to December 1994 the WOCE sections Al (Meteor 
30/3) and A2 (Meteor 30/2), forming a triangle between New 
Foundland, Greenland and Europe, were carried out on a 
quasisynoptic timescale. The hydrographic data as well as 
meteorological model data (ECMWF and NCEP/NCAR) were used 
for the inverse box modelling. The Inverse Method is applied to 
balance the in- and outflows of this closed box in Ihe area of the 
Subpolar Gyre. The fluxes taken into consideration are geostrophic, 
Ekman, interfacial fluxes (mass, heat and salt), and the surface heat 
and freshwater fluxes. The ability to resolve the circulation of the 
northern North Atlantic by inverse modelling is tested in different 
cases (e.g. varying constraints, initial reference level and given 
fluxes). The resulting surface velocities are compared with me 
velocities derived from altimeter data. 

SEASONAL CIRCULATION AND ASSOCIATED AD- 
VECTIVE FLUXES OF HEAT OFF SOUTHERN BRAZIL 
AND URUGUAY: MODELING AND IN SITU DATA 

P. Zavialov. and 0. Möller Jr. 
Department of Physics, University of Rio Grande, Brazil 
peter@calvin.ocfis.furg.br / Fax: (55-532)-301194 

We construct an inverse model for seasonal surface circulation in 
the region off Southern Brazil and Uruguay (30-35"5; 50-55°W0- 
Little in situ data on circulation are available in this area, while a 
large array of data on SST and surface heat fluxes has been col- 
lected. We employ, in particular, the data of the field program 
COROAS - Brazilian contribution to WOCE. Based on observed 
seasonal changes of SST along with the observed surface heat fluxes, 
we compute the advective heat flux as a residual needed to provide 
for heat budget closure. The fields of advection together with the 
fields of SST, with the help of continuity equation and boundary 
conditions, serve to reconstruct velocity on a grid 20' x 20'. Per- 
haps the most intriguing finding of the model is a persistent and 
energetic northward flow in the shelf, between the coast and the 
southward Brazil current reproduced by the model in the offshore 
part of the region. We discuss the origins of this northward motion 
and its possible relation to the massive freshwater outflow from the 
Plata estuary. Further, we compare the model results with the data 
from our recent moored current measurements, virtually the first 
in situ velocity data in the area of this study. 

MATHEMATICAL MODELLING OF THE WORLD OCEAN 
THERMOHALINE CIRCULATION: SOLVABILITY, ALGO- 
RITHMS, RESULTS. 
V.B. Zalesny (1) and Ch. Kazantsev (2) 
(1) Institute of Numerical Mathematics of the R.A.S, Gubkin Street, n. 8, 
117333 Moscow, RUSSIA, (2) Institut Ehe Cartan, Universite H. Poincare- 
Nancy 1, BP. 239, 54 506 Vandoeuvre-les-Nancy Cedex, FRANCE. 
A mathematical model of the World ocean thermohaline circulation is pre- 
sented. The model is described by the primitive equation system in <r- coor- 
dinates. We first present an historic review about the solvability of different 
models of the ocean circulation. Our goal is to construct a cost-effective flex- 
ible model that simulates the large-scale structure of the World ocean. The 
model uses the evolutionary symmetrized form of governing equations. The 
computational algorithms are based on the decomposition of a space operator 
and implicit splitting schemes. We give the results of calculations of the equi- 
librium states of the global thermohaline circulation with resolution 5*4*10. At 
the sea surface we specify the seasonal variations and the annual mean values of 
wind stress, temperature and salinity. The equilibrium oceanic circulation con- 
tains self-sustained oscillations with different periods from a few to hundreds 
of years. These oscillations of the World ocean fields manifest themselves even 
under the stationary forcing. The experiments show that different circulation 
regimes exist under identical forcings. The difference depends on initial con- 
ditions. This effect is detected, given both the seasonally varying and annual 
mean values of sea surface temperature and sea surface salinity. 

«GLOBAL CHANGE" AT THE BRAZIL-MALVINAS CON- 
FLUENCE: LOW FREQUENCY VARIABILITY REVEALED 
FROM HISTORICAL DATA 
P. Zavialov (1), I. Wainer (2), and J. Absy (1) 
(1) Univ. of Rio Grande, Brazil (2) Univ. of Säo Paulo, Brazil 
peter@caIvin.ocfis.furg.br / Fax: (55-532)-301194 

We used historical SST data to investigate interdecadal and interannual 
variability off the coast of Southern Brazil and Uruguay. About 300,000 
reports from ships of opportunity since 1854 were complemented with 
the data extracted from jlobal data sets such as COADS and also with 
recent satellite derived SST data. In this way, monthly series of SST 
with the duration as long as 141 years have been constructed on a grid 
1° x 1° (although with lacoons in early years). Special attention was 
given to a winter position of the Brazil-Malvinas front which exhibited 
large interannual migrations. Periods below 10 years account for more 
than a half of the energy associated with these migrations. In the low 
frequency, band, significant peaks were found centered at, aproximately, 
18 and 47 years periods, there were also indications of a peak at about 
130 years. The model made up of a linear trend and isolated harmonic 
signals of these periods is in good agreement with the "low-passed" data. 
Everywhere in the region, the series of SST anomalies indicate secular 
warming at the rate from 0.4°C to almost 1.5°C per 100 years. Oth- 
erwise, about 80% of the interannual SST variations resides at periods 
below 10 years, except on the shelf. In the shelf zone, both the climatic 
trend and the interdecadal variability are largest in the areas affected 
by major river-runoff, which may point towards human impact. 

OA2 Processes in regions of oceanic time series stations 

Convener: Müller, f J. 

Co-Convener: Lukas, R. 

OCEAN WEATHER STATIONS TIME SERIES AND 
CLIMATIC CHANGES 

John T. Antonov fl.21 and Sydney Levitus (1) 
(1) NOAA/NODC Ocean Climate Laboratory, (2) UCAR 

We present in a consistent manner the entire (NODC/WDC-A) collection of 
temperature and salinity time series from Ocean Weather Station (OWS) 
regions. We have used these data to define and support our analysis of upper 
ocean temperature variability for the 1960-1990 period. 

Changes of the OWS location and acquirement of the new observational tools 
may cause the ingomogenity of the time series. Complex oceanographic 
conditions and/or their abrupt changes in the OWS location affect the analysis of 
trend and quasiregular components of the time series. These effects have been 
carefully studied for the different spatial and time scales. 

Evolution of the oceanographic conditions depicted from the OWS time series 
have been compared with climatic indices (e.g. the North Atlantic Oscilation 
among others) and the time variability of sea-level pressure, sea-surface and 
sub-surface temperature fields. Similarities between the leading modes of ocean 
temperature field and heat storage variability and the OWS time series during 
1960-1990S make possible to infer oceanographic conditions for ocean basins 
back to the 1940's. 
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INTERANNUAL OCEAN VARIABILITY AT THE U.S. JGOFS 
BERMUDA ATLANTIC TIME-SERIES STUDY (BATS) AND HY- 
DROSTATION S SITE 

N.R. Batet (1), R.J. Johnson (1), C.A. Carlson (1), A.H. Knap (1), N.R. 
Bales (1), A.F. Michaels (J) and D.K. Steinberg (3) 
(1), Bermuda Biological Station For Research, Inc., 17 Biological Station Lane, 
Ferry Reach, GEOl, Bermuda, (2) Wrigley Institute for Environmental Studies, 
University of Southern California, Los Angeles, California, USA, (3) Bermuda 
Biological Station For Research, Inc., 17 Biologicat Station Lane, Ferry Reach, 
GEOl, Bermuda. 
nleHbbsr.edu/Fax: [441] 297 8143 

The Sargasso Sea is the site of two long-term ocean time-series; the U.S. JGOFS 
Bermuda Atlantic Time-series Study (BATS) site (1988-present) and Hydroeta- 
tion S (1954-present). Physical and biogeochemical observations at both sites 
provide a unique window on the dynamics of interannual and decadal variabil- 
ity. First we review our observations of the seasonal patterns and interannual 
variability of mixing, production, biogeochemistry and particle fluxes in the 
Sargasso Sea. We show that marked changes in upper ocean biogeochemistry 
have occurred over the last decade, the causes of which may be linked to phys- 
ical changes in the subtropical gyre, increase in the atmospheric deposition 
of dust and the Northern Atlantic Oscillation (NAO). There also have been 
changes in the cycling and fluxes of carbon and the exchange of COi between 
ocean and atmosphere. We find that the rate of increase of oceanic inorganic 
carbon (total carbon dioxide) has increased at a rate of 1.6 moles kg year, 
double the rate expected from the observed increase in atmospheric CCOj due 
to anthropogenic input. If continued, this will reduce the oceanic sink of CCOj 
in the Sargasso Sea. We also estimate the inventory and penetration depth of 
anthropogenic CO? in the Sargasso Sea using the the JC* method of Gruber 
et a]., 1997. Finally, we report marked changes in deep water phosphate, POt» 
and silicate concentrations at BATS over the last decade. Over time, the per- 
centage of deep water having a Southern Ocean source has increased relative 
to Northern hemisphere source, reflecting a reduction in the supply of North 
Atlantic Deep Water (NADW) into the subtropical gyre. 

EUROPEAN STATION FOR TIME-SERIES IN THE OCEAN CANARY 
ISLANDS (1994 - 1997) 

O. LLINAS1, A. RODRIGUEZ DE LEON2, G. SIEDLER3 and G. WEFER4 
1 Institute Canario de Ciencias MarinasfJCCM), 2 Institute Espaiol de OceanografYa 
(IEO), 3Institut Pr Meereskunde Kiel (JfMk), 4Universit8t Bremen (GeoB) e-mail: 
ollinas@iccm.rcanaria.es 

The European Station for Time-Series in the Ocean Canary Islands (ESTOC) is 
positioned at 29KW, 1S:30'W, about 100 km to the north of the island of Gran 
Canada in the eastern boundary current of the Subtropical North Atlantic gyre, and it 
has a depth of 3600 m. The station was started as a cooperative project between two 
German and two Spanish Institutions, named in the authorship. Establishing temporal 
time-series in the ocean is an important aim of both the WOCE and the JGOFS 
Science Plans and the station was established taking as a reference two already 
existing stations in Subtropical waters, the Bermuda Atlantic Time-Series (BATS) and 
the Hawaii Ocean Time-Series (HOT). The station activities can be assembled in three 
main blocks : continuous records of instruments moored at the station, monthly 
measurements at the station with the execution of a basic program of observations and 
sampling and regional process studies ; the main objective is to determine the 
representation of the observations made according to the processes that are found at 
the station within the context of the subtropical gyre in this area. This paper presents 
the work carried out during the "first" four years at each block; some preliminary 
results are shown too to try to provide an overall view of the project. 

PRESENT STATUS AND FUTURE OF JGOFS-KERFIX TIME 
SERIES STATION (50°40S - 69°25E) 

C.Jeandeim and D. Ruiz-Pino (2) and M. Fiala (3) 
(1) LEGOS, Observatoire Midi-Pyrenees, 31400 Toulouse, Fr. (2) LPCM,, case 
134,4 pi. Jussieu, 75252 Paris Cx 05, Fr. (3) Laboratoire Arago, 66650 
Banyuls/mer, Fr. (E-mail: Catherine.Jeandel@cnes.fr; Tel. (33) 1 5 61 33 29 33) 

Between January 1990 and March 1995, the research project KERFIX undertook the 

first regular non-coastal multiyear acquisition of parameters related to the carbon 

cycle in the Southern Ocean at a time series station located at 50° 40' S - 68° 25' E, 

60 miles southwest of Kerguelen Islands. The objectives of KERFIX were 1) to 

monitor the ocean/atmosphere CO2 and O2 exchanges 2) to understand the seasonal 

and interannual variability of fluxes of carbon and associated elements at this 

location. We present a survey of the KERFIX programme and results of the temporal 

evolution of nutrients and biological parameters. Chl-a concentrations are always 

low, with weak summer maxima (< 1.2 mg.m'). Whereas nitrate concentrations are 

never depleted, silica can fall down to values <8 uM in summer. These results are 

discussed in terms of limitation of phytoplankton growth. Future projects around the 

KERFIX time series station will be also presented. 

AN OVERVIEW OF OCEANIC CO2 VARIABILITY AT JGOFS-KERFIX 
TIME SERIES STATION (50°40S - 69°25E) 

F. Louanchi (1), D. Ruiz-Pino (1), C. Brunet (1), B. Schauer (1), A. Poisson (1) and 
C.Jeandel(2) 
(1) LPCM, (CNRS URA 2076/Univ. Paris 6), case 134,4 place Jussieu, 75252 Paris 
cedex 05, FRANCE. (2) UMR 5566 (CNRS/CNES/UPS), Observatoire Midi- 
Pyrenees, 14, Ave E. Belin, 31400 Toulouse, FRANCE, E-mail: 
louanchi@ccr.jussieu.fr; ruiz@ccr.jussieu.fr / Tel. (33) 1 44 27 48 60 / Fax (33) 1 
44274993 

The upper-layer oceanic carbon cycle is assessed thanks to the data obtained from 
the monitoring of JGOFS-KERFIX time series station between 1990 and 1995. An 
overview of carbon data analysis and modelling studies is presented. 
Dissolved Inorganic Carbon is low in summer period due to the biological uptake of 
CO2 and increases of 25 mmol/m^ through winter following the mixing of the 
surface layer with CO2 enhanced subsurface waters. Total Alkalinity presents a low 

seasonal signal about 10 meq/m' which reveals a biological system dominated by 
diatoms. Thanks to these observations, seasonal budgets are calculated to assess the 
impact of the physical and biogeochemical processes on CO2 variations. On an 
annual basis, the physical processes are balanced by the biological uptake. 
Combining ID models of the mixed-layer and the observations, several 
investigations are performed : identification and quantification of the biological and 
physical processes in the upper-layer carbon cycle at KERFIX, impact of climatic 
anomalies on air-sea CO2 and O2 fluxes and anthropogenic CO2 uptake. 

A STRING DEPTH-GAUGE FOR COMPLEX MONITORING 
OF SEAS AND OCEANS 

Victor S. Kupko, I. Marfenko 
State Scientific Industrial Association (SSIA) "Metrology", Kharkov, 
Ukraine 
e-mail: bondarew@metrog.kharkov.ua 

One of the main requirements for complex instrumentation to study 
seas and oceans is to provide its accuracy and stability. Depth-gauges 
with the frequency output signal can operate autonomously and satisfy 
such conditions. We have developed depth-gauge based on the string 
method that is able to continuously record depth of the dipped both 
stationary and towed buoy. The used string (tape) and elastic element 
are made of an unbroken material. The main advantages of such a 
depth-gauge are as follows: digitized output signal; small power using; 
high sensitivity (up to 0.5 Hz/cm); linearity in a depth range up to 500 m; 
long term stability of order 0.02 % per year; practical insensitivity to 
ambient temperature variations. We discuss some technical details, 
preliminary results, and further possibilities of the developed string 
depth-gauge. 

LONG-TERM HYDROGRAPHIC VARIATIONS OBSERVED IN THE 
HAWAII OCEAN TIME-SERIES 

Roger Lukas and Fernando Santiago-Mandujano 
Dept. of Oceanography, University of Hawaii, U.S.A. 

The Hawaii Ocean Time-series (HOT) program started in October 1988 with the 
purpose of making monthly observations of the physics, chemistry and biology of the 
water column at a deep-water station (22 45^, 158 W) north of Oahu, Hawaii. The 
dominant interannual signals in the near-surface layer are related to local forcing 
variations associated with the El Nfcfco-Southem Oscillation phenomenon. Near-surface 
salinity reflects most clearly the interannual variations of surface forcing. Currents 
measured with a shipboard acoustic Doppler current profiler have revealed the 
existence of a near-surface mean flow to the west-northwest along the Hawaiian Ridge 
at 158 W which exhibits a weakening in the recent years. Within the water column, 
there are 3 hydrographic features which dominate the mean profiles: These features 
are the shallow salinity maximum in the upper thermocline, the salinity minimum 
associated with the North Pacific Intermediate Water mass, and the dissolved oxygen 
minimum associated with the Antarctic Intermediate Water mass. So far, one of the 
biggest surprises is the monotonic trend towards lower values of dissolved oxygen in 
the Antarctic Intermediate Water. That trend may be associated with trends in other 
properties and other portions of the water column which are masked by other, more 
energetic, variability. A freshening trend has been observed in the salinity maximum 
in the past few years. The large-scale context of these low-frequency variations will be 
discussed. 
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SEASONAL VARIATIONS AND HIGH FREQUENCY EVENTS OF THE C02 

PARTIAL PRESSURE ATTHE OCEAN SURFACE: A NUMERICAL APPROACH 
AT THE DYFAMED STATION (NW MEDITERRANEAN SEA) 

lament Memcrv. Marina Levy and Liliane Merlivat 
Laboratoire d'Oceanographie Dynamique et de Climatologie, IPSL, Paris VI, Paris 
e-mail: lm@lodyc.jussieu.fr; FAX: (33) 144 27 71 59 

At the ocean surface, the CO2 partial pressure is driven by thermodynamical, 
biological and dynamical processes. At mid-latitudes, these processes show a 
significant seasonal cycle, mostly forced by air-sea interactions, and mixed-layer 
dynamics. At the beginning of the 90's, in situ JGOFS studies, as well as other 
related programmes, have clearly shown that high frequency p CO j variability 
could be almost as large as seasonal and large scale variations. In 1995 and 1996, 
the CARIOCA buoy was set up at the France JGOFS DYFAMED station, located in 
the NW Mediterranean Sea between Nice and Calvi. Hourly SST and pC02 data 
have been obtained during different periods. Besides the general seasonal trend, 
very high frequency events can be observed in these records, associated to strong 
wind bursts (Mistral). A simple bio-geochemical model in nitrogen has been 
coupled to carbon. Years 1995 and 1996 are then simulated with atmospheric 
forcing coming from the ARPEGE model (French Met. Office) with a time 
resolution of 6 hours. Although the quality of the forcing is not entirely satisfying, 
me global behaviour of the model is correct when the results are compared to the 
CARIOCA data. The influence of high frequency atmospheric forcing is 
emphasised by comparing a simulation forced by smooth atmospheric fields. 

SEASONAL TREND IN PARTICULATE CARBON FLUX AT THE TIME- 
SERIES SITE KERFIX IN THE SOUTHERN OCEAN 

J.C. Miguel (1). M. Carroll (1.2) and C. Jeandel (3) 
(1) IAEA-Marine Environment Laboratory, Monaco; (2) Akvaplan-niva, Tromso, 
Norway; (3) UMR 39 (CNES/CNRS), Toulouse, France. 
Miquel@monaco.iaea.org 

In the framework of the Southern Ocean France-JGOFS programme KERFIX 
vertical fluxes of paniculate material were measured in the Indian Ocean sector of 
the open Southern Ocean from April 1993 to January 1995. Particles were collected 
using a moored sediment trap (PPS5 Technicap, 1 m2 surface opening) deployed 
below the euphotic layer (at 200 m, bottom depth 1755 m) Southwest of Kerguelen 
Island by 50°43.5' S and 68°25.8' E. The time resolution of sampling was one month 
in winter and 7 to 10 days in the more productive months of spring and summer. 
Mass and carbon fluxes presented a very clear seasonal trend with low fluxes 
throughout winter (June to October) increasing thereafter progressively to become 
relatively important in summer (January to April). The highest mass and carbon 
fluxes were recorded in February with 207 and 14.6 mg m"2*1, respectively. Annual 
Annual particle flux was estimated to be 11.2 g m-2 y1 and annual carbon flux at 0.9 
g m"2 y1, of which 80% was organic carbon. The contribution of phytoplankton 
derived material to carbon flux was most important in January-February whereas 
fecal material produced by Zooplankton was most important in February and early 
March (up to 3 mg C mM-1 or 51% of total C flux). The present data emphasises the 
very strong seasonal signal on particle production and export in the open Southern 
Ocean. 

HIGH FREQUENCY VARIABILITY OF PCO2 AND CO2 AIR-SEA FLUXES 
AT TWO JGOFS STATIONS : DYFAMED (WESTERN MEDITERRANEAN 
SEA) AND BATS (SUBTROPICAL NORTH ATLANTIC GYRE) 

Lilians Merlivat 
Laboratoire d'Oceanographie Dynamique et de Climatologie, CNRS, University 
Paris 6, Paris - e-mail: merlivat@lodycjussieu.fr; fax: (33) 144 27 71 59 

From January 1997 until now (december 1997) a CARIOCA buoy has been installed 
at the french JGOFS DYFAMED station, located in the N.W. Mediterranean Sea. 
The PCO2 range over the year 1997 extends between 250 |iatm and 450 uatm. The 
main features describing the seasonal variability of PCO2 at the sea surface are ; 1) 
an intense wind induced mixing in january-february with deep, enriched CC7 and 
cold water (PCO2 close to 400 uatm, surface temperature close to 13°C), 2) a large, 
rapid drawdown of PCO2 values (PCO2 close to 280 liatm) occuring in late 
february-early march, associated with the onset of active spring blooms, 3) heating 
in early summer, which brings PCO2 values up to 450 liatm and SST to 24°C. 
However, the thermodynamic effect, which is mainly responsible for the observed 
increase of PCO2. is partly compensated by a consumption of carbon during the 
months of July and august, and 4) as the result of the subsequent cooling in the fall, 
PCO2 and SST values are taken back to 250 uatm and 13°C. 
A similar experiment has been conducted at the US JGOFS time scries station 

BATS at Bermuda. Measurements have been made by a Carioca buoy during the 
months of June and July and have just started again in december. We will compare 
the data obtained at both stations. DYFAMED and BATS, as they have similar 
thermodynamic and biogeochemical characteristics : large seasonal thermal cycle, 
winter mixing, oligotrophic environment 

PARTICLE FLUX MEASUREMENTS AT ESTOC 

S. Neuer, BDavenport, V. Ratmeyer, G. Fischer, G.Wefer 
FB Geowissenschaften, Universität Bremen, Postfach 330 400,28334 Bremen 
M.-J. Rueda, O.LIinßs 
Institute» Canario de Ciencias Marinas, Telde, Gran Canaria 

The ESTOC (European time-series in the Ocean, Canary Islands) is located 100 km 
north of Gran Canaria in the eastern extensions of the subtropical North Atlantic gyre. 
The monthly sampling schedule started there in 1994, and particle flux has been 
determined with moored particle traps at the station since fall of 1991. So far, a five 
year record of particle flux, mainly from two depths (1km and 3km) has been 
collected. In all years, the dominant signal was the winter bloom and related particle 
sedimentation maxima, which varied interannually. Consistently, deep-water particle 
flux was considerably greater than shallow water particle flux indicating deep lateral 
advection of paniculate matter. A recently published study (Neuer, Ratmeyer, 
Davenport, Fischer and Wefer, Deep-Sea Res. 44,1451-1466) points to filaments as 
possible carriers of paniculate matter from the coastal region into the collection area 
of the deeper traps. In 1996, we determined for the first time particle flux rates also in 
700 m depth in addition to the 1 and 3 km traps. Particle flux measured in the 
shallower trap was for the most part higher than the rate determined in 1000 m depth, 
but still lower than in 3000 m depth. In addition, we were able to determine particle 
flux with drifting traps in 200 m depth on three cruises during the same year. The flux 
data determined with the drifting traps matched mostly those obtained in 700 m depth 
with the moored traps, but exceeded the rate determined during the winter 
sedimentation maximum (about 200 mg m-2 d-1 compared to about 70 mg m-2 d-1) 
in February 1996. It is possible that the drifting trap deployed in February collected a 
sedimentation puls that was not resolved by the moored trap because of the longer 
collection interval. 

GEOCHEMISTRY AND MODELING OF SEDIMENT TRAP 
TIME SERIES FROM THE MEDITERRANEAN SEA. 

R. ARRAES-MESCOFF 'l J.J. TABOADA*, D. RUIZ-PINoVv. ATHIAS, M. 

ROY-BARMAN*, J.C. MIQUEL\ C. JEANDEL 

' LEGOS, Observatoire Midi-Pyrenees, 14, av. E. Belin, 31400 Toulouse, France. 
2 LPCM.UPCM, 4 Place Jussieu 75005 Paris, France. 
3 IAEA-MEL, B.P. 800, MC 98012 Monaco Cedex. 

During the sinking of marine particules through the water column, interactions occur 
betwen the solution and the particles of different sizes. Specific elements can be 
used to trace these processes : Al for aggregation/desaggregation of particles; Ba and 
Mn for biogenic/authigenic formation. We analysed sediment trap material collected 
at 200 m and 1000 m at the DYFAMED site (43°25'N-07°54'E) during the 1994 
time series. The fluxes range from 0.63 to 10.3 mg/m2/d for Al; from 0.005 to 0.19 
mg/m2/d for Ba and from 0.0001 to 0.1 mg/m2/d for Mn. Data show that elements 
and mass fluxes are higher at 1000 m than at 200m. We develop a model "COLDO" 
that simulates particle flux variations with time from the bottom of the photic zone 
down to the sea floor. It takes into account interactions between solution, small 
particles and large sinking particles through first order adsorption/desorption and 
aggregation/desaggregation reactions. The rate constant of these processes can vary 
with depth and time. Boundary conditions of the model are the fluxes measured at 
200m. Comparison between simulated and measurements fluxes at 1000m will be 
presented and discussed. 

TRENDS AND LONG TIME VARIABILITY OF OCEAN PROP- 
ERTIES AT OCEAN WEATHER STATION M IN THE NORWE- 
GIAN SEA 

J. E. 0. Nilsen and S. Osterhus 
Geophysical Institute, Allegt. 70, N-5007 Bergen, Norway. 
evenCgfi.uib.no/Fax: [47] 55 58 98 83 

50 years (1948-97) of oceanographic data collected at Ocean Weather Station 
MIKE at 66°N2°E, have been examined for trends and interannual variability. 
The data for the upper layers show a general trend of cooling and freshening of 
the upper layers since about 1960. The upper-layer analysis also reveals a strong 
cooling and freshening on a shorter timescale starting in 1991, and the salinity- 
and temperature values are now below the levels observed in the late 70's (when 
the "Great Salinity Anomaly" passed through). The intermediate waters show 
a significant decrease in salt content between the years 1976 and 1978. The 
data also indicate a rapid warming in the deep water of the Norwegian Sea 
starting in the late 80's. 
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THE ENSO SIGNAL AND THE ANTARCTIC CIRCUMPOLAR WAVE 
EVIDENCED BY KERFIX TIMES SERIES DATA 

D. Ruiz-Pino (1), C. C. Jeandel (2) and A. Poisson (1) 
(1) LPCM, (CNRS-UPM6), case 134,4 place Jussieu, 75252 Paris cedex 05,France. 
(2) UMR 5566 (CNRS/CNES/UPS), 14, Ave E. Belin, 31400 Toulouse, France. 
E-mail: niiz@ccr.jussieu.fr / Tel. (33) 1 44 27 48 60 / Fax (33) 1 44 27 49 93 

Monthly hydrological data obtained between 1990 and 1995 at the JGOFS-KJERFIX 
time series station (50°40S - 69°25E) give us for the first time the mixed layer data 
in the Southern Ocean (SO) proving the oceanic teleconnection between Pacific, 
Atlantic and Indian Ocean through the Antarctic Circumpolar Wave (ACW). 
The anomalies of mixed layer depth (MLD), mixed layer temperature (MLT) and 
salinity shows a clear tendency of climatic variation. The temperature decreased, 
while the salinity, density and MLD increase significantly since 1993. The low 
interannual frequencies calculated using Kerfix data are correlated to the ENSO 
anomalies signal of precipitation, atmospheric pressure and SST calculated using 
ECMWF global data and extracted for the Kerfix location: i) SST ENSO anomaly 
and MLT anomaly at Kerfix are warmest in 1992 and coldest in 1994; ii) decrease 
of the precipitation is associated to the Kerfix increase salinity. The correlation 
between ENSO wave signals and the MLD properties anomalies at Kerfix shows 
that interannual variability observed at Kerfix can be explained by the propagation 
of ENSO (originated in the Subtropical South Pacific Ocean) go toward the Indian 
SO through the ACW. This teleconnection which is unique in climate dynamics is 
likely playing an important role in climate regulation and oceanic dynamic beyond 
the SO. Because the SO may dominate much of the oceanic response to global 
warming, it is important that we maintain long term monitoring programs aimed at 
understanding fundamental mechanisms and detecting changes. Kerguelen Island 
presents a unique opportunity to carry out such an effort. 

THE 17-YEAR TIME SERIES FROM MOORING KIEL 276 IN THE 
EASTERN NORTH ATLANTIC 

G. Siedler and T. J. Müller 
Institut für Meereskunde an der Universität Kiel 
gsiedIer@ifm.uni-kiel.de/Fax: +49-431-5973891 

A mooring site for long-term measurements was established in 1980 on position 
33°N, 22° W in the eastern North Atlantic at a water depth of more than 5000 m. 
The mooring was replaced once a year and carried up to 8 current/ temperature 
meters, distributed between about 200 m and the bottom. The project was possible 
because use could be made of German research vessels operating in the larger 
region or transiting to the equatorial or southern Atlantic. The mooring location is 
in the region of the Azores Current and thus in the North Atlantic subtropical gyre. 
The observations, despite some occasional gaps at certain depth levels, reveal long- 
term changes on timescales from a few months to several years. High-energy events 
on the month-'timescale are common, but occur irregularly. They may be due to 
frontal meanders or mesoscale eddies. In some cases they were identified as signals 
related to Mediterranean Water lenses (Meddies). The kinetic energy of fluctuations 
is much larger than the energy of the mean currents, but the barotropic and 
baroclinic components are of similar magnitude. Results from these observations 
will be presented in the form of time series, modal components and spectra, and 
will be related to CTD measurements from this site obtained during the period of 
the moored observations. 

WATERMASSES AND CURRENTS IN THE AREA OF THE 
»ESTOC TIME SERIES STATION 

J. Reppin and M. Knoll 
Institut für Meereskunde an der Universität Kiel, D-24105 Kiel, Germany. 

The "European Station for Time Series in the Ocean Canary Islands" 
(ESTOC) is located about 100 km north of the Canary Islands at 29'10'N 
and 15°30 W. The marine system in the Canary Basin is dominated by the 
subtropical gyre recirculation, the inflow of Mediterranean Water, upwelling 
processes along the African shelf and a particle transport which is influenced 
by Saharan dust 
To determine the mesoscale variability as well as the seasonal and interan- 
nual variations of the marine environment within the Eastern Canary Basin 
hydrographic-sections were repeatedly carried out. Two zonal sections, one 
along 32°15'N between the African coast and Madeira and the other one along 
29°N between La Palma and the African shelf, are combined with a merid- 
ional section along 18°W between Madeira and La Palma to obtain a closed 
hydrographic box. 
Results from these hydrographic sections will be presented together with re- 
sults from shipboard and lowered ADCP data and timeseries from the ESTOC 
currentmeter mooring. 

Decadal variability of subtropical mode water, atmospheric forcing & feedback 

TERRENCE M. JOYCE WHOI 
Woods Hole, Mass., 02540, USA, e-mail: tjoyce@whoi.edu, (508)457-2181 (fax), 
(508)289-2530 (telephone), Ocean Time Series Station session, OA2, T. Mueller, oral 

Using the Station'S' time-series of potential vorticity (PV) at Bermuda, the decadal 
changes in PV in the subtropical mode water (STMW) locally found in the western 
subtropical gyre (18 degree Water) are used in a correlation analysis to examine the 
atmospheric forcing over the N. Atlantic. The fluxes associated with decadal changes 
in the STMW are large scale and 180 degrees out of phase between the western and 
both the eastern subtropical and subpolar gyres. The STMW response is as one would 
expect from diabatic forcing with no phase lag, i.e., the PV is low (high) when the 
buoyancy flux anomaly is large (small). Thus, one might anticipate that decadal 
changes in STMW in the western subtropics will be anticorrelated with those in the 
Madeira Mode Water, a major STMW of the eastern subtropics. Furthermore, the 
phase relationship between surface forcing, mode water production and Gulf Stream 
path could play major role in defining a mechanism and time-scale for a coupled 
ocean-atmosphere feedback which could explain some important aspects of the North 
Atlantic Oscillation. 

VARIABILITY OF THE NUTRIENTS CONCENTRATION AT ESTOC (1994 
-1997) 

M.J. Rueda«, R. Santana*, J. Perez-Marrero*, A. Cianca*, M.G. Villagarcia*, J. 
Godoy*, J. Escanez+ and O. Llinas* 
* Institute Canario de Ciencias Marinas (ICCM) 
+ Institute Espaiol de OceanografYa (IEO) 
e-mail: mjrueda@iccm.rcanaria.es 

The European Station for Time-Series in the Ocean Canary Islands (ESTOC) includes 
the nutrients determination (nitrates + nitrites, phosphates and silicates) within its 
regular observational program. This poster shows the first results of the analysis made 
along the four years that the station has been visited to these days, grouped in two 
blocks. In the first block it is included the surface data down to 200m deep, where the 
annual signal prevails; the second block shows the results from 200m to the bottom 
(when possible) or until the maximum depth sampled at each case, where the 
prevailing signal corresponds to the interaction between the intermediate water masses, 
specifically Mediterranean and Antarctic Atlantic (AM and AAT), which are very well 
marked by their characteristic values of nutrients concentrations. A comparison is also 
performed between the encountered variability and the registered variability detected 
in the preexisting nutrients data in the area. 
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variability in ocean and atmosphere 

Convener: Hense, A. 
Co-Conveners: Rahmstorf, S.; Reverdin, G. 

NORTH    ATLANTIC     OSCILLATION     CONNECTIONS 
WITH THE TROPICAL ATLANTIC SST DIPOLE 

Roxana Bojariu .      .    . 
Institutul National de Meteorologie si Hidrologie, Bucuresti-Ploiesti 97, 
71552 Bucharest, Romania 
e-mail: bojariu@meteo.inmh.ro 

The relation between the North Atlantic Oscillation (NAO) and the 
tropical Atlantic SST dipole has been investigated using sea surface 
temperature (SST), zonal and meridional wind components and sea 
level pressure (SLP) taken from the data set of Da Silva et al. (1994) for 
the interval 1945-1993. A NAO index has been defined as the first 
principal component of SLP anomalies from the North Atlantic area 
north of 20° N. The time evolution of the SST pattern corresponding to 
the best canonical correlated mode of SST and meridional wind 
anomalies from the tropical Atlantic is taken as a SST dipole index. The 
low frequency behaviour of the 2 phenomena is similar for the analysed 
interval suggesting the existence of a coupling mechanism between them 
on the decadal time scale. The tropical dipole may influence the NAO 
development forcing changes in the position and intensity of the 
extratropical atmospheric jet stream. The NAO could in turn modify the 
structure of the SST dipole through the fluctuations in the trade wind 
system. 

THE NORTH ATLANTIC OSCILLATION AND ITS IMPRINT 
ON PRECIPITATION AND ICE ACCUMULATION IN GREEN- 
LAND. 
C. Appenzeller (1) and T. F. Stocker (2) 
(1,2) Climate and Environmental Physics, University of Bern,, Sidlerstrasse 5, 
CH-3012 Bern, Switzerland. 
christol9climate.Tinibe.ch/Fax: [+41] 31 631-44-05 

Interannual to decadal fluctuations in net precipitation and ice accumulation 
are examined over Greenland. It is shown that in western central Greenland 
these fluctuations are correlated with the North Atlantic Oscillation. The anal- 
ysis is based on two complementary data sources: A highly resolved net precip- 
itation and accumulation history over 15 years derived form the reanalysis data 
of the European Center for Medium range Weather Forecast and a composite ice 
accumulation record calculated from five different ice core data sets in central 
Greenland. It is suggested that western central Greenland snow accumulation 
is a good proxy for the NAO index with the potential for the reconstruction of 
a long time series. 

SIMULATIONS OF NORTH ATLANTIC STORM TRACK VARI- 
ABILITY 
D. N. Bresch and R. Fehlmann and H. C. Davies 
Atmospheric Physics ETH, 8093 Zürich, Switzerland. 
A two-part study is undertaken of the North Atlantic storm track in the context 
of the North Atlantic Oscillation. In the first part the SVD approach is applied 
to co-examine the statistical characteristics of the SST anomaly field and the 
500 hPa geopotential and storm track fields. (The data base comprises the 
monthly and fortnightly Northern hemisphere fields derived from NMC data 
sets). Simultaneous and lagged SVD analyses serve to extract the leading SST 
anomaly patterns, together with their counterparts in geopotential height and 
storm track position, as well as to identify periods of strong air-sea interaction. 

In the second part a sequence of monthly simulations with an operational 
mesoscale NWP model (the EM of the German weather service with the sim- 
ulated evolution relaxed at the lateral boundaries to the ECMWF reanalysis 
fields) is used to provide an indication of the amplitude and structural changes 
resulting from the imposition of the pre-selected SST anomaly patterns. 
Also heuristic experiments with a more idealised representation of the NH 
reproduce key features found in the SVD patterns, e.g. the sensitivity to changes 
in strength and location of the main SST gradient and the location of the North 
Atlantic storm track. 

EFFECTS OF THE NAO ON THE STRUCTURE AND DISTRIBUTION OF 
WATER MASSES IN THE NORDIC SEAS 

J. Blindheim 11). V. Borovkov (2), B. Hansen (3), S.Aa. Malmberg (4), W.R. 
Turrell (5) and S. Osterhus (6). 
(1) Institute of Marine Research, Bergen, (2) Knipovich Polar Research Institute of 
Marine Fisheries and Oceanography, Murmansk, (3) Fisheries Laboratory of the 
Faroes, Faroe Islands, (4) Marine Research Institute, Reykjavik, (5) Marine 
Laboratory, Aberdeen, (6) Geophysical Institute, University of Bergen, Bergen 
johan.blindheim@imr.no/Fax: +47 5523 8584 

Several time series in the Norwegian Sea indicate a general upper layer decrease in 
temperature and salinity since the 1960s. Time series at Weather Ship M, from 
Russian surveys in the Norwegian Sea, Icelandic standard sections as well as 
Scottish and Faroese observations in the Faroe-Shetland area, have similar trends 
and show that most of the Norwegian Sea is affected. The reason is mainly 
increased freshwater supply from the East Icelandic Current. As a result, 
temperature and salinity were in 1996 lower than during the Great salinity Anomaly 
in the 1970s. There is evidence of strong wind forcing whereas the NAO winter 
index is highly correlated with the lateral extent of the Norwegian Atlantic Current. 
Circulation into the Norwegian and Greenland basins of Atlantic water is strongly 
reduced while circulation of Arctic and Polar water is increased. This affects the 
water mass structure in a much wider sense by reduced deep water formation and 
increased supply of Atlantic water into the Arctic Ocean. 

LOW-FREQUENCY NAO FLUCTUATIONS 
IN THE ECHAM4/OPYC3 COUPLED AOGCM 

M. Christoph. Max-Planck-Institut für Meteorologie, Bundesstraße 55, 
D-20146 Hamburg, Germany 
U. Ulbrich, Institut für Geophysik und Meteorologie der Universität zu 
Köln, Kerpener Straße 13, D-50923 Köln, Germany. 

Decadal-scale (15-30 year period) variability of the North Atlantic Oscil- 
lation (NAO) is found in a 300-year control integration of a coupled 
ocean-atmosphere GCM (ECHAM4(T42, L19) + OPYC3). The cycle is 
manifest both in atmospheric and oceanic parameters. One of the contrib- 
uting processes is anomalous Ekman pumping into the central parts of the 
subtropical North Atlantic during the positive NAO phase which leads to 
a spin up of the subtropical gyre circulation. Northward transports of 
warm and salty waters within the Gulf stream system and increased for- 
mation of deep water in the Greenland area lag about 5 years behind the 
positive NAO extremes, possibly due to the ocean's inertia. Simultane- 
ously, intensified atmospheric eddy activity in subpolar regions is associ- 
ated with freshened surface waters of the Iceland and Norwegian Seas 
which gradually weakens the thermohaline circulation. The relevance of 
ocean dynamics for the swing from one NAO phase into the other is dis- 
cussed. 
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RELATIONSHIP BETWEEN THE NORTH ATLANTIC OSCILLATION AND 
THE INTERANNUAL VARIABILITY OF ATLANTIC-EUROPEAN CLIMATE 

J. A. M. Corte-Real , J. G. Pinto and J. P. Diegues (ICAT, Faculty of Sciences, 
University of Lisbon, 1700 Lisboa, Portugal) fcmetjcr@cc.fc.ul.pt 

The Singular Spectral Analysis technique is used to identify quasi-periodic oscillations 
contained in the North Atlantic Oscillation (NAO) variability over a period of 140 
years. Several stable oscillations are identified, both using monthly time series and 
winter averages, notably the 3.5 and 6 years oscillations. These oscillations have been 
recognised in other meteorological time series and are therefore considered to be real. 
In order to elucidate the mutual influence of the atmosphere and ocean in the sector, 
the NAO is related to the Sea Surface Temperature (SST) of the North Atlantic Ocean 
via Canonical Correlation Analysis for different time lags Adiagnosis of storm 
activity over the Atlantic-European Sector is performed using a high resolution limited 
area model for periods of enhanced activity of the NAO and/or SST forcing. The 
effects of the NAO in the North Atlantic Sector are also evaluated by examining the 
differences in the distribution and intensity of atmospheric depressions. 

LONG-TERM TRANSPORT OSCILLATIONS ON THE NORTHWEST 
EUROPEAN SHELF CALCULATED FROM A 39-YEARS NUMERICAL 
CIRCULATION MODEL RUN 

P.E. Damm (Institut für Meereskunde der Universität Hamburg, 22529 Hamburg, 
Germany) 

Results of a baroclinic 3-D numerical circulation model are present. The model 
domain covers the northwest European shelf and simulates the period from 1955 to 
1993, i.e. a 39 years period. The horizontal grid spacing is aproximately 20 x 20 km 
and in the vertical direction a maximum of 12 layers is used. The thickness of the 
layers increases gradually with depth. The model is forced by monthly climatological 
mean temperature and salinity distributions, the M2 tide at the open lateral boundaries, 
and 6-hourly meteorological forcing data, i.e. air pressure and wind stress 
distributions. 
Vertical intergrated water mass transports through selected sections in the North Sea 
are presented as long-term power spectra and auto spectra. Additionally long-term 
dependencies of water mass transports between these selected sections are discussed 
by means of calculated cross spectra. 
The main conclusion from these time series analyses are prominent peaks for periods 
of 8 and 17 years. Obviously these periods correspond to peaks in the NAO. Presently 
the transfer mechanisms are not fully understood. 

INTERDECADAL TRANSPORT CHANGES ALONG THE NORTH ATLAN- 
TIC SUBPOLAR/SUBTROPICALBOUNDARY 

IL£imy(l) and M.S. McCartney (1) 
(1) Woods Hole Oceanographic Institution 
rcurry@whoi.edu/FAX 1-508-457-2181 

Time series of density structure in the central Labrador Basin and the central sub- 
tropical gyre (Bermuda) combine to form a baroclinic transport index for the eastward 
flow between these gyres. This index is an oceanographic analogue to the atmo- 
spheric North Atlantic Oscillation (NAO) index! In the upper 2000 meters of the 
central subpolar gyre, density changes reflect the time history of Labrador Sea Water 
(LSW) convection intensity.; In the western subtropical gyre, density changes reflect 
in part the temperature history of local convection - the Eighteen Degree Water - and 
half the heaving of the thermocline and the expansion or contraction of LSW impact 
on the water beneath the thermocline. An interdecadal oscillation in transport results, 
which ranges approximately 20 megatons/sec from peak low to high, amounts to -60 
megatons/sec +/-1594 of the Gulf Stream/North Atlantic Current system and derives 
equally from changes in the subtropical and subpolar gyres. This cycle appears to lag 
the atmospheric NAO index by a few years. The transport oscillation also demon- 
strates a coupling between the upper ocean and the deep water half of its magnitude 
reflects a strengthening of the shear below 1000 meters. These upper deep waters thus 
have impact on the upper ocean transport field and on the heat transported poleward 
by the currents. 

" THERMAL VARIABILITY OF THE NE ATLANTIC OCEAN 

S.Djenidi (1), A.G.Kostianoy (2), N.A.Shere- 
met (2) and A.Elmoussaoui (1) 
(1) GHER, Liege University, Belgium, (2) Shir- 
shov Institute of Oceanology, Moscow, Russia 
kostianoyeglasnet.ru/Fax: +7-095-1245983 

"ACURATE" (African Coastal Upwelling Research, 
Analysis and Thematic Experiments) is a new Eu- 
ropean International long-term programme launc- 
hed during summer 1997. Part of this Programme 
is devoted to the investigation of thermal va- 
riability of the NE Atlantic Ocean located bet- 
ween 5-45N and 25W - coast of Africa and Euro- 
pe. 1982-1992 weekly satellite SST data set has 
been analysed to study seasonal variability of 
SST field, variance, SST gradients (thermal 
fronts), mean SST, SST difference between coas- 
tal and oceanic waters at 100-500 km distance. 
The study has been coupled with analysis of se- 
asonal variability of the wind stress and of 
total heat flux. The capes Blanc and Ghir, and 
south-western area off the Gibraltar Strait we- 
re found to be distinct by SST regime. 

DECADAL BUOYANCY FORCING IN A SIMPLE MODEL OF 
THE SUBTROPICAL GYRE 
A. Czaja and C. Frankignoul 
Laboratoire d'oceanographie dynamique et de climatologie, LODYC, France. 
aczOlodyc.juaaieu.fr/Fax: [33] 01 44 27 38 05 

Liu and Pedlosky's (1994, herafter LP) simple two-layer model of the ventila- 
tion of the subtropical gyre is used to understand the role of buoyancy forcing 
in determining the variability in the permanent thermocline at the decadal 
timescale. The model reproduces the Stommel demon and is forced by a pre- 
scribed displacement of the first layer's outcrop line. The surface buoyancy flux 
is diagnosed from the buoyancy budget of the mixed layer. In contrast to LP, 
the decadal variability is simulated by modulating the seasonal migration of 
subduction line. For realistic values of the forcing parameter, the variability in 
the ventilated thermocline is weak but significant, with an interface displace- 
ment of the order of 20 meters. The model is generalized to the case of a broad 
band forcing and the ventilated thermocline response to a stochastic buoyancy 
considered. 

TEMPORAL CONNECTION AND SPATIAL STRUCTURES OF 
COUPLE MODES OF 500-MB HEIGHT AND SST ANOMALIES 
FOR WINTER IN THE NORTH ATLANTIC 

N. Diansky 
Institute of Numerical Mathematics, Moscow, Russia. 
dinareinm.ras.ru/Fax: [+7 095] 938 1821 

Change of a time lag between atmospheric forcing and ocean response and 
transformation of their most coupled spatial structures as dependent on 
timescales of considered data are investigated. To do this, singular value de- 
composition (SVD) analyses of winter SST and 500-mb height (H50o) anomalies 
with time lag between them in North Atlantic were performed. It was estab- 
lished for monthly mean H500 and SST fields that the evolution of a SST 
anomaly is behind of atmospheric forcing for one-half month. This time lag is 
described quite well by a simple model of SST anomaly that couples half-month 
shift value with one-quater of 2-month period of oscillation. This shows that 
significant oscillations with periods of about two months that are present in 
the midlatitude atmosphere. In addition, fluctuations with timescales less than 
one month may artificially manifest themselves as an oscillation with 2-month 
period which is Nyquist's cut-off period for monthly mean data. Among this 
last oscillations lagged SVD analyses for daily data isolate oscillations with 
time-spatial parameters corresponding to blocking conditions in the North At- 
lantic. It was examined also how the spatial structures of H50o and the SST 
vectors of the first SVD mode are revealed good resemblance with results of 
analyses of observational data. 
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Did the Denmark Strait overflow intensify in 1996-97? 

K A. Donohue (1), M.S. McCartney (2), R.G.Curry (2) and C. Mauritzen (3) 
(l)UofHawaii,(2)WHOI,(3)SHOM 
kathyd@soest.hawaii.edu, mike@gaff.whoi.edu, rcurry@whoi.edu, cecihe@shom.tr 

S. Bacon has recently described observed variability of transport of the Denmark Strait 
Overflow Water (DSOW) in the deep western boundary current (DWBC) in the 
Irminger Basin, southeast of Cape Farewell (CF), Greenland. His estimates are for the 
most part level of no motion geostrophic, but a good case is made for a link to absolute 
transport changes. His analysis shows DSOW transports that are relatively weak 
1955-67, relatively strong in 1978-90, and relatively weak again 1991-96. The U.S. 
ACCE program provides hydrographic and ADCP measurements in the CF area in 
Nov. 96 and May 97, and in Nov. 96, May 97 and Oct. 97 at a location farther north 
off Angmagssalik (ANG), the site of earlier moored measurements by R.R.Dickson. S. 
Bacon has provided a late Aug. 1997 CF section. At ANG we find that the DSOW 
baroclinic and ADCP referenced transports progressively increased over the period 
Nov. 1996 - Oct. 1997, more than doubling. An less substantial increase was found at 
CF from low values similar to Bacon's 1991-96 estimates, to values on the low side of 
the'range his high transport group from 1978-90. We find at ANG accompanying the 
transport increase is a strong freshening of the DSOW. A hint of this freshening is seen 
at CF accompanying the transport change there. It is known that the NAO index was 
high in the early 1990's but shifted to very low in winter 1995-96, and then to neutral 
in winter 1996-97; changes in wind and buoyancy forcing of the Nordic Seas and 
subpolar gyre will track this shift. Is the DSOW system accelerating in delayed 
response, by some combination of changes in water mass transformation rates and 
intensity of wind/buoyancy-driven circulation? 

FINGERPRINTS OF THE NORTH ATLANTIC OSCILLATION IN 
THE CLIMATE OF GALICIA (SPAIN) 

L.Gimeno(l), A.Rua(2), J.F.Campos(1), M.Noregol(l) 
(1) Facultad de Ciencias de Orense, Universidad de 
Vigo, (2) Departamento de Estadistica, universidad 
Complutense de Madrid./Fax 34 88 387159 

Galicia is the Spanish region placed in the 
Northwest of the Iberian Peninsula. Its winter 
climate is determined by the relative dominance of 
blocking or mobile cyclonic systems, which is 
often related to the low frequency behaviour of 
the North Atlantic Oscillation. The objective of 
this study is to find in which meteorological 
variable (in the surface or in the upper levels, 
basic or derivative) the North Atlantic 
Oscillation is more evident. 

MULTIDECADAL VARIABILITY OF THE COUPLED TROPO- 
SPHERIC AND STRATOSPHERIC CIRCULATION AND ITS 
CONNECTION TO THE NORTH ATLANTIC CIRCULATION 

F. Feser (1), H.-F. Graf (1) and J. Perlwitz (1) 
(1) Max-Planck-Institut für Meteorologie, Hamburg, Germany. 
feserOdkrz.de/Fax: [49]-40-441787 
The coupled atmosphere-ocean model ECHAM3/LSG T21 shows an irregular 
oscillation in the time series of the zonal mean zonal wind in winter on decadal 
time scales with a period of 70 to 90 years. 
Based on this time series two distinctive modes are selected, one accounting for 
a strong stratospheric polar night jet, the other for a weak one. 
These two modes show completely different features in the troposphere: when 
the zonal wind is strong, the Aleutian low is weakened and a positive North 
Atlantic Oscillation (NAO) index prevails. In the Pacific stronger trade winds 
appear and the subtropical high moves north-eastwards and weakens the Aleu- 
tian low. In turn the trough over the Okhotsk Sea is deepened. This zonalization 
of the midlatude circulation leads to a stronger stratospheric polar vortex, al- 
lowing the positive phase of the NAO to prevail. 
During periods of weak zonal winds the Aleutian low is anomalously strong and 
the NAO index is negative. This disturbs the polar vortex because of adiabative 
sinking and warming in the vicinity of the low pressure systems. When weak 
zonal winds are predominant the velocity potential shows a slightly weaker and 
zonally shifted Walker circulation. 
Possible causes for the forcing of this long-term oscillation will be discussed. 

CLIMATE VARIABILITY IN THE NORTH ATLANTIC OCEAN 
USING NON-CODIFIED DATA 

L.Gimeno(l), A.Rua(2), J.C. Moure(l), 
A. Perez(l).. , 
(1) Facultad de Ciencias de Orense, Universidad de 
Vigo, (2) Departamento de Estadistica, universidad 
Complutense de Madrid./Fax 34 88 387159 

The role of marine data from ships observations 
which are not included in the WMO system of 
observation is basic to study the variability of 
the ocean climate. Galicia, an Spanish region 
placed in the Northwest of the Iberian Peninsula, 
has one of the hughest quantities of ships 
crossing the Atlantic Ocean in the World. Many of 
these ships register meteorological data that are 
forgotten in their working archives. In this study 
we have taken as many data as possible from these 
archives with the aim of studying the variability 
of meteorological data in the North Atlantic 
Ocean. 

THE NAO IN A LONG SIMULATION WITH A COUPLED 
AO-GCM AND ITS INTERACTION WITH NORTH 
ATLANTIC SST 

P. Friederichs. A. Hense 
Meteorologisches Institut, University Bonn 
pfried@uni-bonn.de 

A very long simulation of 800 yrs with the coupled AO-GCM ECHAM3- 
T21/LSG has been investigated. The first mode of interannual and in- 
terdecadal variability of the northern hemispheric geopotential height 
resembles the NAO and shows a strong coherency to the north Atlantic 
sea surface temperature (SST) anomalies similar to observations. An en- 
semble of atmosphere-only time-slice experiments was performed with 
identically prescribed SST and sea ice coverage taken from the coupled 
run. Multiple integrations starting from different initial states are a 
powerful tool to investigate the ratio of SST induced to internally gen- 
erated variability. The fraction of variability explained by SST forcing 
amounts about 10% of the total variance over the N-Atlantic/European 
sector. Whether the NAO is partly forced or at least modulated by SST 
forcing has been investigated. The results were compared to similar en- 
semble integrations forced with observed SST. 

CHANGES IN THE UPPER N. ATLANTIC HYDROGRAPHY 
AND TRANSPORTS, X950-1994 

S. Grey, K. Haines and P. G. Myers 
Department of Meteorology, University of Edinburgh, JCMB Kings Buildings, 
Mayfield Road, Edinburgh, U.K., EH9 3JZ. 
A number of recent hydrographic studies have shown decadal changes in the 
N. Atlantic ocean, possibly linked to the NAO atmospheric wind pattern. 
This paper presents a hydrographic analysis of XBTs from 1950-1994. Decadal 
timescale changes in upper N. Atlantic hydrography are found. These are con- 
sistent with previously published results by Molinari etal (1997), but more ex- 
tensive in the area covered and depth range. An assessment of the heat content 
and water mass changes is made. The period from 1988-1994 shows changes in 
the Gulf stream extension which are more extreme than any previous period, 
By combining the XBT data with CTD and climatological data we can infer 
changes in Salinity and hence density structure. The circulations associated 
with different periods are then derived using the JEBAR inversion algorithm 
of Myers etal (1996) in a diagnostic finite element model of the vertically in- 
tegrated vorticity equation. The results show significant decadal variability in 
transports in both the subtropical and subpolar gyres. These results extend the 
earlier 2 pentad analysis of Greatbatch etal (1991). 
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CHANGES IN THE INTENSITY OF THE ATMOSPHERIC SYNOPTIC 
VARIABILITY ASSOCIATED WITH NAO 
S.Gulev (P.Shirshov Institute of Oceanology, 36 Nakhimovsky ave., 117218 
Moscow, Russia and Institut fuer Meereskunde, Kiel Germany), 
T.Iung, E.Ruprecht (Institut fuer Meereskunde, Kiel Germany). 

Intensity of the atmospheric synoptic processes is described in terms of the 
variances of the band-passed 4-hourly data from the NCEP/NCAR Reanalysis for 
the period from 1958 to 1997. Assuming that different synoptic scales can indicate 
different tendencies in the intensity of the synoptic and sub-synoptic processes, we 
study separately several ranges, which are associated with the high-ftequency 
synoptic and sub-synoptic variability, synoptic scale transients and slow synoptic 
processes. These three scales indicate different spatial patterns in the mid- 
latitudinal North Atlantic and differences behavior in time on both decadal and 
interannual time scales, and show a very complicate nature which exists beyond the 
NAO index. The latter appears to be effective but very rough measure of the 
atmospheric variability on the North Atlantic mid latitudes. By using EOFs, SVD, 
and associated correlations, we study how the changes in the intensity of the 
atmospheric synoptic of different scales are linked to the SST anomalies in the mid 
latitudinal North-West Atlantic, temperature gradient between the North America 
and Atlantic Ocean and turbulent sea-air fluxes of heat and moisture in the North 
Atlantic. Results show complicate nature of the ocean-atmosphere interaction in the 
North Atlantic mid latitudes. Particularly, periods from late 1950s to early 1970s 
and from 1970s to 1990s indicate two different regimes of the interaction between 
atmospheric synoptic intensities and the ocean 

TIMESCALES    OF    DECADAL    SST-VARIABILITY   IN   THE 
NORTH ATLANTIC OCEAN 

T. Jung (Institut für Meereskunde, D-24105 Kiel, Germany) 
S. Gulev (P. Shirnov Institute, Moscow, Russia, and Institut für Meereskunde, 
Kiel, Germany) 

EOF-analysis of geophysical fields is a popular tool for climatological stud- 
ies. The most energetic variability of wintertime SST in the North Atlantic, a 
dipole-like pattern, can be found in the first EOF. However, it is questionable 
whether a statistical tool like the EOF-analysis can also describe physically 
meaningful coherence. Criticism, e.g., appeard with respect to the interpreta- 
tion of the Tropical dipole pattern, which seems to be caused by uncorrelated 
decadal SST variability north and south of the Equator. 
In this paper it is investigated if the dominant EOFs of wintertime SST in the 
North Atlantic have their physical counterparts in the ocean too. The centers 
of action of the first EOF, roughly the sub-polar and western sub-tropical gyre, 
show variability on different time scales. More specifically, the regions south of 
Newfoundland as well as east of Florida show the most pronounced decadal 
variability (as 13 years). In the high latitudes of the North Atlantic, however, 
there appears a regime shift during the early seventies which comes along with 
a dramatic cooling and a change in the dominant periods (as 13 to « 9 and 
18 years) as revealed by a wavelet analysis. It will be shown that this change 
is accompanied by an abrupt change in the NAO-Index too. The first EOF 
of wintertime SST seems to combine these different kinds of variability which ' 
makes its interpretation difficult. 

Decadal Air-Sea Interaction in the North Atlantic 

Sirpa Häkkinen (1) and Kingtse C. Mo (2) 
(1) NASA Goddard Space Center, Code 971, Greenbelt MD 20771 
(2) Climate Prediction Center, NCEP/NWS/NOAA, Washington D.C. 20233 
hakkinen@gsfc.nasa.gov 

The 12-14 year cycle observed in the N. Atlantic SST was examined using the 
NCEP/NCAR reanalyses and 43 year ocean model simulation for the period 
1951-1993. The evolution of the heat flux anomalies and associated SST and upper 
ocean heat content anomalies during the cycle are described together with atmospheric 
circulation changes. While the local oceanic response to the NAO forcing and the 
advection of SSTA along the Gulf Stream/NAC system have been suggested by Sutton 
and Allen (1997) and Kushnir et al. (1997), the associated changes in the heat flux and 
oceanic heat content in conjunction with the strength of the MOC add new 
understanding to the decadal cycle. A similar mode has been observed in a coupled 
GCM (Grotzner et al (1997)) which they attribute to the propagation of SSTA and 
OHCA resulting from wind driven changes in the subropical gyre circulation. Results 
here suggest the importance of the thermodynamic forcing. 

ON THE INFLUENCE OF SINGULAR MODES ON THE ORIGIN OF 
THE INTERDECADAL ATMOSPHERIC VARIABILITY 

Martin Klinqspohn and Wemer Metz 
Institut für Meteorologie, Universität Leipzig 
Stephanstr. 3,04103 Leipzig, Germany 

Observations and coupled climate models experiments exhibit a pro- 
nounced variability on the interdecadal and decadal timescale. For 
instance one interdecadal oscillation over the northern hemisphere 
of the coupled system ocean and atmosphere is detected with a pe- 
riod of about 18 years, using a 500-year integration of the Hamburg 
ECHAM1/LSG coupled general circulation model. The origin of the 
atmospheric component of this variability, in particular the changes 
of the storm tracks are still not well understood. 
In the present paper we show that the atmospheric components of 
this interdecadal mode is due to their interaction with the long-term 
climate mean atmospheric wave field and that one branch of this in- 
teraction is manifested in the excitation of internal, atmospheric 
modes, in particular, in the singular modes of some linearized, 
steady-state atmospheric model. Our analysis based on a simple 
baroclinic quasi-geostrophic model, whereby the data from the 500- 
year integration of the ECHAM1/LSG are utilized to define the long- 
term mean basic state. The question of possible excitation of these 
singular modes by tropical or extratropical processes will also be 
considered. 

ON THE NON-STATIONARITY OF THE NORTH ATLANTIC 
OSCILLATION 

T. Jung, E. Ruprecht and M. Riepe (Institut für Meereskunde, D-24105 Kiel, 
Germany) 
S. Gulev (P. Shirnov Institute, Moscow, Russia, and Institut für Meereskunde, 
Kiel, Germany) 

The state of the dominant mode of atmospheric variability over the North 
Atlantic, the North Atlantic Oscillation (NAO), is commonly described in form 
of an index, which represents the anomalous pressure difference between Iceland 
and the Azores. Due to the choice of an index, the NAO-Index, it is implicitly 
assumed that the NAO variability is stationary with respect to the location. 
However, it will be shown that at least on the decadal time scale there is 
movement of large scale pressure anomalies which seems to be correlated with 
propagating as well as dipol-like behaviour of SST-Anomalies. The influence 
of this non-stationary character with respect to the classical NAO-Index is 
investigated using sea level pressure data from different analyses. The non- 
stationary character is also seen in the difference of the NAO-Index for different 
winter seasons, e.g. DJF versus JFM. It will be shown that most of the "winter" 
differences is due to intraseasonal changes in the Azores High which appears to 
be time dependent as well. Another aspect, which might go hand in hand with 
migratory pressure anomalies, is the non-stationarity character of the NAO- 
Index itself. Using wavelet analysis it will be shown, that the dominant periods 
of the NAO-Index has undergone several marked changes during the last 120 
years. 

ADVECTION OF TEMPERATURE AND HEATCONTENT 
ANOMALIES IN THE NORTH ATLANTIC 

G. Krahmann (1) and M. Visbeck (2) 
(1) LODYC, Paris, France, (2) LDEO, Palisades, US. 
krahmannOlodyc.jussieu.fr 

Results of a numerical general circulation model of the North Atlantic with ad- 
ditional atmospheric boundary layer are presented. The model has been used 
to investigate the response of the ocean to forcing anomalies with timescales 
from 2 to 20 years. Periodic anomalies are applied to wind stress and to fresh- 
water forcing in separate experiments. The results for both sets of experiments 
are discussed. For the different wind-variation time scales varying response in 
form of SST and heat content anomalies is found. For timescales longer than 6 
years advective propagation of temperature and heat content anomalies similar 
to observations becomes visible. The advection patterns follow the major gyres 
in the North Atlantic. For the different timescales of the forcing variations in 
preferred advection paths suggest varying resonance frequencies for the paths. 
The advection speed of the anomalies is comparable to observed propagation 
speeds on the North Atlantic but exhibits differences for the different timescales 
of the forcing variability. 
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STATISTICAL ASSOCIATIONS BETWEEN THE NAO, THE SOLAR CY- 
CLE, AND THE WESTERN BALTIC SEA ICE SEASON SINCE 1879 

P. Loewe 
Bundesamt für Seeschiffahrt und Hydrographie, Bernhard-Nooht-Straße 78, 
20359 Hamburg, Germany; phone: +49-40-3190-3542, Fax: +49-40-3190- 
5000, e-mail: Ioewe@bsh.d400.de 

The winter North Atlantic Oscillation index measures the strength of the zonal 
atmospheric circulation over the North Atlantic. Ice winter severity in the 
Western Baltic is significantly correlated to the winter NAO index in that weak 
(strong) ice winters tend to occur with strong (weak) westerlies. The variance 
sprectra of both time series show prominent quasi-cycles with periods of 2.3, 
5.8, and 7.8 years. The time dependence of the spectral variance distributions 
is investigated through evolutional maximum entropy spectral analysis. This 
analysis reveals the composite character of the mean variance distributions, 
and shows, for instance, that the 8 years signal originates exclusively from 
the post-war period. An apparent association of both winter NAO index and 
ice winter severity with the 11 years solar acitivity cycle will also be discus- 
sed. This association consists in the preferential occurence of weak wester- 
lies and strong ice winters in phases of low solar activity, as well as strong 
westerlies and weak ice winters when the phase of the solar cycle is transient 
downward. 

BIASES IN SHORTWAVE COLUMN ABSORPTION IN THE 
PRESENCE OF FRACTAL CLOUDS 

A. Marshak (UMBC, JCET, marshak@clihiate.gsfc.nasa.gov) 
A. Davis (LANL, adavis@lanl.gov) 
W. Wiscombe (NASA/GSFC, wiscombe@climate.gsfc.nasa.gov) 
R. Cahalan (NASA/GSFC, cahalan@clouds.gsfc.nasa.gov) 

We investigate the effect of cloud structure on column-absoiption by water 
vapor. Radiative fluxes above and below horizontally inhomogeneous liquid water 
clouds are computed using an efficient Monte Carlo technique, the independent pixel 
approximation and plane-parallel theoiy. Cloud inhomogeneity is simulated by two 
related fractal models which use bounded cascades for the horizontal distribution of 
optical depth. The first ("clumpy") model has constant cloud top and base, hence a 
constant geometrical thickness but varying extinction; the second ("bumpy") model 
has constant extinction and cloud base, hence variable cloud top and geometrical 
thickness. The spectral range between 0.9 and 1.0 urn (with strong water vapor 
absoiption and negligible cloud liquid water absorption) is selected for a detailed 
study not only of domain-averaged quantities but also radiation fields. Column- 
absorption fields are calculated as the difference between the two net fluxes above and 
below clouds. We show that: (1) redistribution of cloud liquid water decreases 
column absorption, i.e., plane-parallel absorption is larger than the independent pixel 
approximation one by 1-3%; (2) 3D radiative effects enhance column absorption by 
about 0.6% for the clumpy model and 2% for the bumpy model, i.e., Monte Carlo 
absorption is larger than independent pixel approximation absorption; this effect is 
most pronounced for the bumpy cloud model at solar zenith angle - 45°; (3) plane- 
parallel absorption is larger than 3D Monte Carlo absorption for high solar elevations 
and nearly equal to it for low solar elevations. Thus, for extended clouds of thickness 
1-2 km or less, in an important water vapor absorption band (0.94 um), we do not 
find a significant enhancement of cloud absorption due to horizontal inhomogeneity. 

SENSITIVITY OF THE NORTHERN HEMISPHERE 
ATMOSPHERIC CIRCULATION TO NORTH ATLANTIC 

SSTs IN THE ARPEGE AGCM 

Philippe Lopez, Torben Schmith and Eigil Kaas (Danish Meteorological Insti- 
tute, Lyngbyvej 100, DK-2100 Copenhagen 0, DENMARK) 

A set of four extreme SST anomaly patterns in the North Atlantic Ocean 
has been derived from observed SSTs (GISST 2.2 dataset) and used as lower 
boundary conditions in the ARPEGE Climate AGCM at T42 resolution. Those 
SST patterns mainly differ in which sign was imposed to the respective SST 
anomalies on the western and eastern sides of Greenland. Twenty ensemble 
runs have been performed with each SST configuration for the three winter 
months. The model response has first been analyzed in terms of changes in 
the heat fluxes and temperature at the surface, and then in terms of modifica- 
tions of the general tropospheric circulation over the Northern Hemisphere. A 
particular focus has been laid on the changes in the storm track and transient 
eddy activity, in conjunction with modulations of the North Atlantic Oscilla- 
tion. The most significant differences appear in the forcing area, but also over 
Europe and to a lesser extent in the North Pacific. In particular, the simulated 
North Atlantic storm activity turned out to be enhanced and extended further 
east, over Western Europe, when the Labrador Sea is colder than usual. 

An Oceanic memory of winter conditions: does it feedback to determine the 
winter NAO state? 

M.S. McCartney (1) 
Woods Hole Oceanographic Institution 
mmccartney@whoi.edu 

The North Atlantic Oscillation (NAO) is characterized by organized shifts in 
intensities and positions of the Iceland low pressure center and Azores high pressure 
ridge, a SLP seesaw most well organized in winter. The winter NAO history exhibits 
decadal trends and persistent high and low intensity states. This is somewhat 
remarkable: the non-winter atmospheric state does not show patterns that are 
correlated with the adjacent winter state, yet successive winters tend towards 
correlation, an interannual memory of the preceding winter state in spite of this 
seasonal loss of memory. Evidence is presented for the participation of a memory 
mechanism in the upper ocean in the decadal NAO variability. At mid- and 
high-latitudes there is a warm - to - cold water transformation pipeline that links the 
western subtropical gyre to the eastern and northern subpolar gyre and conveys heat to 
mid and high latitudes where it is liberated to the atmosphere. That pipeline reflects 
the central role of meridional heat advection by the ocean in the regional climatic heat 
budget. Along this pipeline winter SST anomalies slowly drift. These are heat content 
anomalies of the winter convecting "Mode Waters" that are the agent of that 
transformation. The Mode Waters sequester a "memory" of the preceding winters' 
conditions, for recurrent winter exposure downstream along the transformation 
pipeline. Is this memory mechanism feeding back to determine the winter atmospheric 
state? 

VARIABILITY OF THE NORTH ATLANTIC OSCILLATION SINCE 1881 

H. Maechel and A. Kapala OA3 
North Atlantic Oscillation: decadal variability in ocean and atmosphere e-mail: 
maechel@uni-bonn.de, fax: 0049 228 735188 

Based on generated time series of the central pressure, latitudinal and longitudinal 
position of the Iceland Low (IL) and Azores High (AH), the behaviour of these 
atmospheric centres of action is examined with regard to the intra- and interannual 
variations, persistence of anomalies, linear trends and interactions. The critical analysis 
of these time series as well as those of the pressure gradients between the cores of AH 
and IL (the proposed index of the North Atlantic Oscillation) suggest that the existing 
non-periodic fluctuations of the surface atmospheric circulation on the time scale of 
one or more decades suppress the long-term changes. These fluctuations are similar to 
the 'internal' variations of the climate system, recognized in the climate simulations of 
coupled ocean-atmosphere models. Using the anomalies of the time series mentioned 
above, it can be shown that these are practicable tools for the detection of 
characteristic spatial anomaly patterns in different climate variables above the North 
Atlantic and surrounding land areas. 'Strong' NAO in winter leads to a warming above 
northern and central Europe as well as to the development of depole-like anomaly 
patterns in the wind speed, sea-surface temperature, surface and tropospheric 
temperature and other variables obove the western and eastern North Atlantic. The 
composite analysis for 'weak' NAO reveals inverse patterns. 

NORTHERN ATLANTIC TEMPERATURE AND PRESSURE PATTERNS 
RELATED TO HEMISPHERIC MEAN TEMPERATURE VARIATIONS 

J. Mika 
(Hungarian Meteorological Service, H-1525 Budapest, P. O. Box 38, Hungary) 

Time series of Northern Atlantic near-surface atmospheric temperature and pressure 
patterns, and also SST in the Smed squares are analysed in relation to the 
hemispherical temperature characteristics at the decadal time-scales. Method of'slices' 
is applied (Mika, 1990) to quantify linear connections between the NA grid-point 
values, as dependent variables, and hemispherical mean air temperature plus the air 
temperature contrast between continents and oceans of the Northern Hemi-sphere, as 
independent variables. According to this methodology, the large-scale and local series 
are divided into sub-periods of uniform length between 5 and 25 years to randomise 
local and hemispherical data inhomogeneities. Temperature fields North from 30o N 
are characterised by large positive relative sensitivity (regression coefficient) patters in 
the region of Greenland. Summer half-year differences between sensitivities of SST 
and air-temperature coefficients to the hemispherical temperature variations are not 
high. The winter half-year sensitivity patterns of the air-temperature, however, are 
much stronger near the Smed-squares than those derived from SST. The main feature 
of the Atlantic-European sea-level pressure is the weakened zonality in the winter 
half-year parallel to the hemispheric warming, Intensity of North-Atlantic Oscillation 
exhibits positive connection to the continent-ocean temperature contrast at the decadal 
time scales. 
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THE NORTH ATLANTIC OSCILLATION IN ANALYSIS AND 
MODEL DATA SETS 

H. Paeth (1) and A. Hense (2) 
(I) Meteorologisches Institut der Universität Bonn, (2) Meteorologisches In- 
stitut der Universifat Bonn. 
ahsnseCuni-bonn.de 

The spatial and temporal structure of the North Atlantic Oscillation is exam- 
ined in analysis data from the Deutscher Wetterdienst and several model data 
sets from the coupled climate model ECHAM-3 / LSG in Hamburg and un- 
coupled ECHAM-3 simulations. Time-series of latitudinal position and central 
pressure of the Islandic Low and the Azore's High are determined from each 
data set. The index of the North Atlantic Oscillation is then built by the first 
principal component of these four time-series. On the base of annual means we 
find index values within minus and plus two and a strong interannual variability. 
Only the low pass filtered time series of the NAO index show a certain period, 
icity on time-scales of about fifty years. The comparison of the observed and 
simulated North Atlantic Oszillation leads to rather different results depending 
on the external forcings e.g. greenhouse gases and/or sea surface temperatures. 
The ECHAM-3 / LSG seems to reproduce the North Atlantic Oscillation in an 
excellent way on the interdecadal timescales although we have to keep in mind 
that only 2-3 realisations of the long term vascillation are observed. 

Coupled variability in the slopewater Inshore of the Gulf Stream 

Robert S. Pickart 
Woods Hole Oceanographic Institution 

Two hydrographic data sets at 55 W and 50W are used to investigate the mean features 
and variability of the slopewater south of Newfoundland, inshore of the Gulf Stream. 
It is found that the entire water column—including the Labrador Current, slopewater 
jet, Labrador Sea water and Norwegian-Greenland overflow water—varies in coupled 
fashion on interannual timescales. The upper-layer slopewater front/jet is discussed in 
detail. Both the lateral position and strength of the front vary on long time scales. An 
EOF analysis at 55W reveals that the variability of the slopewater jet is coupled to that 
of the deeper water masses, including both the Labrador Sea water and Denmark Strait 
overflow water. The 50W data reveal that the main branch of the Labrador Current 
also varies in phase with the slopewater jet. The general picture which emerges is that 
the entire upper-layer slope water circulation spins up and down on interannual 
timescales, coincident with strengthening/weakening of the overflow component of the 
deep western boundary current. The relationship of this variability to the NAO is 
discussed. 

THE INFLUENCE OF THE STRATOSPHERIC CIRCULATION 
ON THE TIME STRUCTURE OF THE NORTH-ATLANTIC- 
OSCILLATION 

J. Perlwitz (1) and H.-F. Graf (1) 
(1) Max-Planck-Institut für Meteorologie, Bundesstr. 55, D-20146 Hamburg, 
Germany. 
judith.perlnitzCdkT2.de/Fax: [+49] 40-441787 

During the winter months there is a close relationship between the strength 
of the stratospheric polar vortex and the phase of a tropospheric wave-like 
pattern, which includes the North-Atlantic Oscillation (NAO). This main mode 
of the coupled circulation system troposphere/stratosphere evolves from the 
mean flow - wave interaction between tropospheric planetary waves and the 
stratospheric west winds. There is a growing body of evidence indicating that 
this main coupled mode has effect not only on the intraseasonal and interannual 
but also on the interdecadal time scale. The observed trends of the northern 
hemispheric winter circulation over the last 40 years are an indication for this 
interdecadal coupled behaviour of stratospheric and tropospheric circulation. 
The trends are characterized in the stratosphere by an intensification of the 
cyclonic polar vortex and in the troposphere by a strengthening of the westerlies 
over the North Atlantic. 
The active influence of the stratospheric circulation on the amplitude and the 
interdecadal behaviour of the NAO will be shown using both observations and 
experiments with a coupled atmosphere-ocean model. 

DECADAL-SCALE VARIABILITY OF THE COUPLED OCEAN 
ATMOSPHERE SYSTEM IN THE NORTH ATLANTIC OCEAN: 
MANIFESTATION AND MECHANISM 

Polonsky, A., E. Ostrovsky, and A. Kuz'min 
(Marine Hydrophysical Institute of the Ukrainian 
Academy of Sciences, 2 Kapitanskaya St., 335 000 
Sevastopol, Republic of the Crimea, UKRAINE) 

The goal of this talk is to discuss the manifestation of the decadal-scale variability in 
the North Atlantic Ocean and possible mechanism generating the decadal coupled 
mode. We used the surface historical data sets for 1948 to 1992, such as COADS and 
its Russian analog and subsurface North Atlantic hydrographic data for 1969 to 1992. 
We confirm the coupled nature of the decadal mode in the North Atlantic. It manifests 
itself as a coherent high-amplitude variability of the surface and subsurface fields and 
associated decadal change of the NAO index. The positive correlation of sea surface 
pressure anomalies with sea surface temperature anomalies resulting in decadal-scale 
change of the Ekman meridional transport in the North tropical Atlantic is the crucial 
element of the positive feedback in the coupled system generating the decadal 
coupled mode. We confirm this result using the box model of the coupled 
ocean-atmosphere. 

DECADAL CHANGE OF THE LARGE-SCALE ATMOSPHE- 
RIC CIRCULATION OVER THE NORTH ATLANTIC EURO- 
PEAN REGION IN JANUARY OF THE 80's 

D. Peters 
Institut für Atmosphärenphysik an der Universität Rostock, Kiihlungsbom, 
Mecklenburg-Vorpommern, Germany 
peters@iap-lcbom.de/Fax: +49-38293-6850 

It is known that over Europe the ozone trend in January of the 80s is almost 

twice that of the zonal mean. It was shown that this strong ozone decrease 

over Central Europe is caused by a decadal change in the large-scale circula- 

tion over the North Atlantic European region. 

The aim of this paper is to study the dynamics in boreal January of the 80's 

on the basis of NCEP-data set in connection with a simple model. It is 

shown that an enhanced Rossby wave track exist in the 80s over the North 

Atlantic European region which belongs primarily to a wave 3 structure 

forced in the boundary layer. The connection of this change with an enhan- 

ced NAO will be discussed. 

UPPER OCEAN VARIABILITY RELATED TO NAO IN THE 
NORTH ATLANTIC SUBARCTIC GYRE IN RECENT YEARS 

G. Reverdin. N. Verbrugge 
LEGOS/GRGS, Toulouse 
gilles.reverdinl9cnes.fr 

50-year long time series of upper ocean data in the subarc- 
tic gyre suggest the presence of pluriannual signals propagat- 
ing clockwise around the North Atlantic subarctic gyre. In 
the Labrador Sea, they are closely associated with changes in 
ice cover and correspond to changes of the cold watermasses 
of polar or arctic origin. In the northeastern Atlantic, they 
correspond to changes in the modified North Atlantic water, 
mostly along average T-S characteristics. Unfortunately, these 
time series are spatially too coarse to provide a dynamically 
coherent vision of what is happening and how the two phe- 
nomenon are related. A regularly sampled ship-line between 
Newfoundland and Iceland provides new information on the 
variability in this region in particular since 1003. The modes 
of variability of upper ocean temperature from XBTs are com- 
pared with surface salinity changes measured by a thermosali- 
nometer, near surface currents from altimetric measurements 
and winds from ECMWF. They all suggest changes happening 
during late 1005 and early 1096 in the northern part of the 
section from cold and fresh toward warmer and saltier waters 
with an aossciated change in NAO from high to low index. The 
variability of the water masses close to the Labrador current 
is not so well sampled by the section and does not seem highly 
correlated with the changes further to the north-east. 
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VARIATIONS OF SEA ICE EXTENT IN THE NORTHERN ATLANTIC 
ON DECADAL TIME SCALE AND CONNECTION WITH 
ATMOSPHERIC CIRCULATION. 

T. Schmith. P. Frich and C. Hansen 
Danish Meteorological Institute, DK-2100 Rabenhavn 0, Denmark 
tsc@dmi.dk 

Formation of sea ice seems to be a key process in the interplay between the 
atmosphere and ocean in the Arctic region. Modelling studies show, that the 
coverage of the sea by ice represent a thermal forcing of the atmosphere by 
preventing the convective heat fluxes from the ocean to the atmosphere. On the 
other hand, the atmosphere may influence the formation of sea ice by fresh water 
input through precipitation to the surface layer and by advection and convergence 
of fresh water masses. 

In the present study, these processes are studied during the period 1960-1995 by 
utilising precipitation and wind stress data from NCEP/NCAR dataset and ice 
data from the Walsh dataset Key areas for fresh water input and Ekman 
convergence will be identified and associated time indices constructed. 
Comparison with sea-ice indices and the atmospheric North Atlantic Oscillation 
index will be performed. Finally, the role of the various mechanisms in the 
observed decadal variability will be discussed. Recent AGCM experiments will 
perturbed sea ice extent will also be discussed in this context. 

ABOUT THE THERMOCLINE VENTILATION: SPIN-UP AND 
SPIN-DOWN 
J. Sirven (Laboratoire d'Oceanographie DYnamique et de Climatologie, Uni- 
versite P. et M. Curie, CC100, 4*place Jussieu, 75252 PARIS CEDEX 05) 
The thermocline variability under an instantaneous variation of the Ekman 
pumping is studied, using a two and a half layer geostrophic model. Since 
the second layer is allowed to subduct, the model is able to represent the 
ventilated zone and the shadow zone. It is found that, north and south of the 
subduction line, the thermocline depth strongly varies, in contrast to previous 
results gained with simpler models (e.g. Liu, 1993). These variations are mainly 
due to the propagation of a Rossby baroclinic wave (first mode) across the basin. 
South of the subduction line, dynamics depend on complex non linear inters 
actions between advection, baroclinic Rossby waves (first and second modes). 
Noticeable differences between the shadow zone and the ventilated zone are 
analysed. 

ON THE MECHANISM OF NORTH ATLANTIC DECADAL 
VARIABILITY 
F. Selten, R. J. Haarsma and J. D. Opsteegh 
Royal Netherlands Meteorological Institute, 3730 AE de Bilt, The Netherlands. 
opstaeghCkiuiii.nl/Fax: [31] 30 2210407 
North-Atlantic decadal climate variability is studied with a coupled atmo- 
sphere/ocean/sea-ice model (ECBILT). The (»variability between the atmo- 
sphere and ocean is explored by performing a Singular Value Decomposition 
(SVD) of boreal winter SST anomalies and 800 hPa geopotential height anoma- 
lies. The second mode shows a peak in both spectra at a timescale of about 
16-18 years. The geopotential height pattern is the model's equivalent of the 
North Atlantic Oscillation (NAO) pattern, the SST anomaly pattern is a north- 
south oriented dipole. Additional experiments have revealed that the decadal 
oscillation in ECBILT is basically an oscillation in the subsurface of the ocean. 
The oscillation is excited by anomalies in the atmospheric NAO pattern, both 
through anomalous surface heat fluxes and anomalous Ekman transports. The 
atmospheric response to the SST anomaly enhances the oscillation and slightly 
modifies it, but is not essential. The atmospheric response consists of a local 
surface temperature adjustment to the SST anomaly and a slight change in the 
probability of occurrence of anomalies in the atmospheric NAO regime. An im- 
portant element in the physical mechanism of the oscillation is the geostrophic 
response of the ocean circulation to the forced temperature anomalies creating 
surface salinity anomalies through anomalous horizontal advection. 

Decadal variability on the Northwest European Shelf 

J. Sandermann, 
Institut für Meereskunde, Universität Hamburg, 
suendermann@ifm.uni-hamburg.de, Fax: +49-40-5605926 

The seasonal cycles of sea surface temperature and other parameters at eight sites 
on the Northwest European shelf show an interannual variability in the range of 
years to decades for the years 1970-1995. Statistical methods like spectral analy- 
sis or phase diagrams prove that only a few frequency peaks behind the annual 
cycle are of real significance. Most prominent signals for temperature and salinity 
in the southern North Sea are at periods around 8 and 17 between different states 
of equilibrium. 

Explanations for the decadal variability can be given by the intrinsic time scales 
of the internal shelf dynamics as well as by external periods. A spectral analysis 
of calculated mass fluxes through the Shetland-Orkneys section shows that there 
are hardly significant periods behind the seasonal cycle. This does not suggest a 
major advective influence from the Atlantic Ocean. The most probable external 
source of decadal variability on the Northwest European shelf is the atmosphere. 
The hypothesis means that no phase shift can be expected between corresponding 
signals of time series at different North Sea sites as it is indeed observed. 

WIND DRIVEN VARIABILITY OF THE NORTH 
ATLANTIC MERIDIONAL OVERTURNING CELL IN 
THE ECHAM1/LSG COUPLED OCEAN ATMOSPHERE 
MODEL 

Nathalie Sennechael. C. Frankignoul and E. Kestenare 
Laboratoire d'Oceanographie Dynamique et de Climatologie (LODYC), 
Universite Pierre et Marie Curie 
e-mail: nas@lodyc.jussieu.fr/Fax: 01 44 27 38 05. 

The variability of the meridional overturning circulation (MOC) in the 
North Atlantic ocean is analyzed in a long term simulation with the 
ECHAM1/LSG coupled ocean atmosphere model. The main mode of 
variability represents a modulation of the MOC and its frequency 
spectrum decays inversely to the frequency down to centennial time 
scale. The second mode describes a shift in the sinking region and has 
a white spectrum. On the time scales ranging from interannual to 
decadal, it is found that the main source of MOC variability is 
mechanical. It is linked to the white noise Ekman pumping in the 
middle and high latitudes that is associated with the dominant mode of 
variability of the model atmosphere.The freshwater flux plays no 
apparent role on these time scales and the surface heat flux tends to 
damp the fluctuations, but they may well play a more active role at 
longer time scale. 

LONG -TERM CHANGES OF THE MEDITERRANEAN WATERS 
IN THE NORTH EAST ATLANTIC AND ASSOCIATED CHANGES 
OF THE THERMOHALINE CIRCULATION 

V.P.Tereschenkov 
P.P.Shirshov Institute of Oceanology, Nahimovsky 36,Moscow, 117851, 
Russia; e-mail: boba@gulev.sio.rssi.ru 
A.V.Arkhipkin 
Department of Oceanology, Moscow State University, Moscow, 117234, 
Russia; e-mail: arkhip@ocean.geogr.msu.su 

Long-term changes of T-S properties of Mediterranean outflow water in the 
Northeast Atlantic over the time period 1970-80 are considered. The outflow 
is formed by the intermediate and deep waters of the Mediterranean Sea. The 
latter, being the product of the convection processes, are apparently linked to 
the atmospheric conditions over the sea, which in their turn are characterised 
by the NAO index. It was established that in the 70s the outflow water 
became warmer and saltier. These tendencies were characterised by 
significant linear trends of 0.04 °C/year and O.Olpsu/year, respectively. It 
was also found that at the same time, the above lying thermocline waters 
experienced changes of the opposite sign and approximately the same 
magnitude. An attempt to find the associated changes of the thermohaline 
circulation in the Northeast Atlantic (specifically the North Atlantic Current) 
has been undertaken. 
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NORTH ATLANTIC DECADAL VARIABILITY IN A 130-YEAR 
SIMULATION OF THE CURRENT CLIMATE WITH A GLOBAL 
COUPLED GCM 

L. Terray and P. Barthelet (Climate Modelling and Global Change Team, 
CERFACS, Toulouse, FRANCE) 

In this work, we describe the (quasi-)decadal variability found in the thermo- 
haline structure and circulation in the North Atlantic region from a 130-year 
climate simulation with the ARPEGE-OASIS-OPAICE coupled general circu- 
lation model (GCM). Emphasis is placed upon the thermohaline behaviour 
in the upper ocean and main thermocline of the subpolar gyre, where the 
strongest variability occurs. A rich structure of oceanic variability is depicted 
and related to aspects of air-sea-ice-ocean interactions at high-latitudes. In par- 
ticular, a variability pattern with an 8-year dominant timescale emerges and is 
clearly significant compared to the red-noise background. Multi-Channel Sin- 
gular Spectrum Analysis (MC-SSA) of upper ocean temperature and salinity 
fields shows vertically coherent oscillations slowly propagating along the North 
Atlantic Drift. This quasi-decadal mode has a dipole-like structure and appears 
to be correlated with changes in Labrador sea-ice concentration and anomalous 
Ekman pumping associated with changes in the wind stress curl. This mode 
of variability bears some resemblance to the mode found in a recent observa- 
tional study of North Atlantic hydrographic data (Reverdin et al. JGR 1997). 
Furthermore, the simulated Arctic sea-ice variability spectrum is shown to be 
strong at various timescales and geographical locations, in contrast with other 
coupled GCMs simulations. 

RESPONSE OF AN NORTH ATLANTIC OCEAN MODEL TO 
NAO-LIKE FORCING 

M. Visbeck (1), H. Cullen (1) and N. Naik (1) 
(1)  LDEO, Columbia University, Palisades NY 10964, USA 
visbeckQldeo.Columbia.edu 

The North Atlantic sector shows significant variability from interannual up to 
decadal and longer time scales. Investigations of historical data sets reveal iden- 
tifiable patterns and covariation between the atmosphere and ocean over the 
Atlantic. However, the mechanisms and interactions between the atmosphere 
and the ocean which generate "these patterns are not well understood. We will 
present results from an ocean only model forced by NAO-like variability in the 
wind and air-sea flux fields. 
The ocean model, which is coupled to an atmospheric boundary layer model, 
is forced by adding observed NAO wind anomalies to the seasonal forcing with 
a monochromatic period of 2, 6, 12 and 20 years. The model SST response 
shows similar structures when compared to the observations. The strength of 
the response increases slightly in amplitude and significantly in area for longer 
periods. The upper ocean heat content changes are dominated by variable ocean 
advection as a consequence of the altered surface wind stress. Local air sea 
fluxes are only of secondary importance outside of the tropical region. The heat 
content anomalies show a propagation form the subtropical to the subpolar gyre 
in agreement with the observations. 
The implications for the role of the ocean in perturbing the atmosphere will be 
discussed. 

DETECTING POTENTIAL ATMOSPHERIC FEEDBACKS OF 
DECADAL NORTH ATLANTIC CLIMATE VARIABILITY IN AN 
ENSEMBLE OF MULTI-DECADAL AGCM SIMULATIONS 

S.Venrice(l) and M.R.Allen(2), R.T.Sutton(2), D.P.Rowell(3), S.J.Brown(3), 
C.K.Folland(3) ((l)MPI für Meteorologie,Bundesstraße 55, D-20146 Hamburg, 
Germany; (2)AOPP,University of Oxford.Oxford 0X1 3PU,U.K.; (3)Hadley 
Centre for Climate Prediction and Research,Bracknell RG12 2SY,U.K.) 

Ocean-atmosphere interactions involving the North Atlantic Oscillation (NAO) 
are believed to be partly responsible for decadal climate fluctuations in the 
North Atlantic/European sector. The timescale of a suggested coupled mode 
may be set by the subtropical ocean gyre circulation in conjunction with 
changes of the atmospheric circulation. These atmospheric changes, in turn, 
are supposed to be partly forced by variations of the North Atlantic sea sur- 
face temperatures (SSTs). The sensitivity of the atmosphere to low-frequency 
North Atlantic SST changes, however, remains controversial. In this study we 
use an ensemble of six 45-year integrations of the Hadley Centre atmospheric 
model (HADAM1) to assess this question. The model was forced by the Hadley 
Centre's observed sea-ice and sea surface temperature data set (GISST) for the 
period 1949-93 and the six integrations were initialised with different atmo- 
spheric states. We derive a multivariate signal-to-noise maximising method to 
consistently estimate a significant response of the atmosphere model to the 
oceanic forcing. 

DO CHANGES IN THE NAO EXPLAIN TRENDS IN SWISS 
WINTERTIME PRECIPITATION? 

M. Widmann (1), C. S. Bretherton (1) and C. Schär (2) 
(1) Atmospheric Sciences UW, Seattle, WA 98195 USA, (2) Atmospheric Sci- 
ence ETH, Zürich, CH 8093 Switzerland. 
HidmannOatmos.vashington.edu/Fax: [+1] 206 685 3397 

Wintertime (DJF) precipitation in Switzerland has increased during the peri- 
ods 1961-1990 and 1901-1990 by up to 30%. Here we attempt to relate these 
trends to changes in the large-scale atmospheric circulation, using singular value 
decomposition (SVD). 
For the winters 1961-1990, the North Atlantic Oscillation Index (NAOI) has a 
positive trend. Yet it can not explain the precipitation trend, since NAOI and 
Swiss precipitation are almost uncorrelated on a monthly time scale. However, 
80% of the precipitation trend are attributable to changes in SLP by means of 
the leading mode of a SVD between monthly SLP and Swiss precipitation. The 
trends of both the NAOI and the SVD mode represent an increasingly westerly 
flow towards Central Europe, but only the latter filters out the component of 
the SLP trend which is actually linked to Swiss precipitation. 
These results indicate that the commonly used NAOI might not be optimal to 
describe large-scale influences on parts of the central European sector. Our SVD 
analysis shows that alternative SLP anomalies exist whose time series correlate 
well with precipitation but only poorly with the NAOI. Further analysis for the 
winters 1901-1990 also suggests that temperature trends during the centennial 
period might be relevant for explaining the observed precipitation trends. 

Changes in the NW Mediterranen Sea Circulation and their possible 
connection to the North Atlantic Oscillation 

S. Vignudelli (1), M. Astraldi (1), G. P. Gasparini (1), E. Lazzoni (1), M. E. 
Schiano(l) 
(1) Istituto per lo Studio detl'Oceanografia Fisica-CNR. Pozzuolo di Lerici, Italy 
stefano@estosf.santateresa.enea.it 

The North Atlantic Oscillation appears to exert a strong influence on the 
Mediterranean meteo-climatic conditions which, in turn, are reflected in the 
underlying driven ocean circulation. In order to test a possible link between the 
interannual variability of the water mass circulation and the NAO behaviour, the 
water transport through the Corsica Channel has been examined. This is a good 
indicator of how the NW Mediterranean Sea circulation responds to seasonal 
changes affecting the overlying meteorology. The collection of data started in 1985 
and still ongoing. This data set is the most complete and long-term one of this kind in 
the Mediterranean Sea. The oceanographic evidence shows that significant 
interannual changes appear essentially during the colder season with a substantial 
decadal decrease which leads in 1995 to a value about 70% less than in 1986 and 
then a suddenly strong reversal in 1996 occurs. Since 1980, a NAO index shows an 
unprecedented persistence of the positive phase and the highest values occur during 
this period. In 1996, this trend is breacked and the index exhibits the lowest value in 
this century. Despite of the short length of the oceanographic time series, the same 
but opposite superimposed decadal tendence and the same sharp reversal at the end 
seem to suggest that a tight mechanism operates between NAO and the water mass 
circulation al internnnnnl scales. 

NAO - RELATED CHANGES IN THE SEA LEVEL PRESSURE 
FIELDS OVER THE NORTH ATLANTIC 

I.I. Zveryaev (P.P.Shirshov Institute of Oceanology, RAS, Nakhimovsky Ave., 36, 
117851, Moscow, Russia e-mail: zveryaev@gulev.sio.rssi.ru) 

Based on the National Centers for Environmental Prediction (NCEP) data set 
analysis of the climatic changes of winter mean anomalies of sea   level pressure 
(SLP) and   its intramonthly root mean square deviations (RMSD) is carried out. 
Climatic changes are considered in terms of linear trends, low-pass filtered 
anomalies and decadally averaged anomalies. It is demonstrated that linear trends 
of winter RMSD anomalies are in a good agreement with SLP trends attributed 
to the periods of decrease (icrease) of NAO index.   Analysis of the detrended 
and low-pass filtered anomalies of winter SLP revealed both propagating and 
standing patterns. The standing patterns have a period of about 8 years.  There 
is no good agreement with related changes of RMSD.   On the contrary, we defined 
the periods with high (low) values of NAO index, which accompanied by 
negative (positive) anomalies of RMSD. Decadally averaged RMSD anomalies are 
not linked to the North Atlantic storm track. Spatial distribution of both winter 
SLP and RMSD anomalies demonstrates meridional dipole-like patterns. For the 
period 1981-1990 which is characterized by the high value of NAO index, the 
negative anomalies of RMSD over the most of the North Atlantic are observed. 
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OA4 Circulation variability at mesoscale 

Convener: Millot, C. 
Co-Convener: Treguier, A.M. 

INTERACTIONS OF OCEAN EDDIES WITH BOTTOM TOPO- 
GRAPHY 

Susan T. Adcock (1) and David P. Marshall (1) 
(1) Department of Meteorology, University of Reading, P.P. Box 243, Reading, 
RG6 6BB, United Kingdom, 
susantoet.reading.ac.uk/Fax: [+44] 118 931 8905 

Interactions of ocean eddies with bottom topography are important in gener- 
ating mean abyssal currents, although the causal mechanisms are poorly un- 
derstood. 
We present results from a series of idealised numerical experiments in which 
an ensemble of eddies interact with a simple Gaussian bump, and generate a 
mean circulation. We find that total energy is approximately conserved, whereas 
potential enstrophy is dissipated, relative to values predicted by spin down to 
a state of rest. 
Based on these results we attempt to parameterise the eddy-topography inter- 
actions in terms of an eddy-induced transport velocity (Gent et al., JPO '95). 
By assuming potential enstrophy is dissipated, while conserving the total energy 
and volume of fluid between isopycnal layers, we find that the eddy-induced 
transport velocity is related to gradients in both the slope of the isopycnals 
and the potential vorticity. This is contrary to the Gent and McWilliams eddy 
parameterisation which relates eddy-induced transport velocity purely to the 
slope of the isopycnals. 

DYNAMIC ACOUSTIC TOMOGRAPHY OF AN INTRA- 
THERMOCLINE EDDY IN THE WESTERN MEDITERRANEAN 

Aleynik D.L. (1), Chepurin Yu.A. (2), Mikhin D.Yu. (3) and Plakhin 
Eu.A. (4) 
(*) P.P.Shirshov Institute of Oceanology RAS, 36, Nakhimova, 117851, Moscow, 
Russia. 
dmitryOcline.ioran.insk.ru/Fax: [095] 124-59-83 

The research is aimed at studying the possibilities of remote acoustic monitor- 
ing of mezoscale intrathermocline eddies (IE). Applicability and performance 
of conventional and dynamic approaches to acoustic tomography are compared. 
The research is based on a detailed survey of cold and low saline IE lens 
observed in the Western Mediterranean sea in July 1994. Using the data of 
acoustic and hydrographic measurements we study thermohaline, dynamic and 
kinematic structure of the eddy. The potential and kinetic energies associated 
with the eddy are estimated. Possible models of generation, evolution and dis- 
sipation of such inhomogeneities are discussed. 

The results are generalized to study the influence of mezo- and sub-mezoscale 
IE on heat, salt and mass interchange in intermediate water layers in oceans 
and interior seas. Contribution of eddies to climatic variability of thermohy- 
drodynamic fields is evaluated using hydrographic data of 10 RAS, VNIIGMI 
MCD (Obninsk, Russia) and NODC. 

DESCRIPTION AND HISTORY OF THREE AGULHAS RINGS 
INTERSECTED BY WOCE HYDROGRAPHIC LINES A13 AND A14 

Michel Arhan (1), Herte Mercier (1) and Johann Lutjeharms (2) 
(1) IFREMER/Centre de Brest, France. (2) University of Cape Town, South Africa. 

Three Agulhas eddies of very different core characteristics were intersected by the 
WOCE hydrographic lines A13 (at 34°30S, 11°E) and A14 (at 31°30S, 9°W and 
26°S, 9°W) in February 1995. The eddy observed near the formation region along 
A13 had a core temperature of U.6°C revealing important winter cooling in the 
retroflection region, whilst one of those observed along A14 had a core temperature 
of 17.1°C, hardly lower than that of the Subtropical Mode Water of the South Indian 
Ocean, an indication that it escaped the retroflection region without having suffered 
the effects of winter. These two extreme examples show that ventilation of the South 
Atlantic by Agulhas rings affects the density range 25.55 £ cr9 £ 26.75. The eddy 
trajectories determined from the sea surface height anomalies of the TOPEX 
POSEIDON altimeter confirm that the A13 eddy was formed at the beginning of the 
austral fall, and spent the whole following wjnter south of 42°S. Comparison with 
the weakly altered eddy gives a heat loss of 8.7 10' J mJ, and a rough equivalent 
winter surface heat flux of 600 WmJ, more than twice the climatologic values. The 
two eddies observed on A14 are also very different, with core temperatures of 
17.1°C and 13.6°C. Surprisingly, both could be traced back to the same initial eddy, 
which was subdivided on encountering the Erica Seamount at the eastern tip of the 
Agulhas Ridge. The northern part moved directly to the South Atlantic while the 
southern one stalled in the retroflection region during the winter. 

CHARACTERISTICS OF THE CIRCULATION IN THE BAY OF CASSIS 

Corinne ALBEROLA and Claude MILLOT 
Laboratoire d'Oceanographie et de Bioge'ochimie (LOB) - CNRSUMR 6535 
alberola@ifremer.fr 

The circulation in the bay of Cassis (Gulf of Lions) is influenced by the easterlies or 
northwesterlies, especially the Mistral that generates there an intense upwelling. It is 
also influenced by the general circulation, flowing along the continental slope and 
meandering, mainly in autumn-winter, so that some mesoscale phenomena can make 
incursions into the bay, especially through a canyon. From May 1995 to May 1996, 
current and temperature data were collected, while a fortnightly hydrological survey 
was conducted, in both the coastal and offshore areas. 
Near the head of the canyon, maximum currents of 35-40 cm/s are frequently 
observed in autumn-winter, during several hours/days, over upper tens of metres and 
over the whole -200 m water column when quasi homogeneous. At this place and 
during this season, the velocities over a few tens of metres close to the bottom are 
sometimes higher than above. This is due to an acceleration by the canyon of the 
shoreward currents that are thus strongly constrained by the topography. In summer, 
the maxima are 10-20 cm/s within the mixed-layer. The currents near the head of the 
canyon are generally not wind-induced and are probably forced by the mesoscale 
phenomena associated with the general circulation. Elsewhere in the bay, at depths 
shallower than -100 m, the maxima reach frequently 30-55 cm/s (resp. 20-40 cm/s) 
in autumn-winter (resp. in spring-summer). There, two simple wind-induced 
circulation schemes are evidenced with an EOF analysis. Nevertheless, the 
mesoscale variability that is not wind-related is not negligeable. Hence, the 
circulation at depths shallower than -100 m is complex and results from a combined 
effect of both the wind and the general circulation. 

Wind driven dynamics of river plume in the 
Mediterranean sea 

S. Arnoux-Chiavassa, N. Durand, J.L. Devenon, S. Ouillon, V. Rey, P. Forget, P. Frau 
J.J. Naudin2 

December 23, 1997 

Variability of the 3D dynamics of Mediterranean river plumes induced 
by river discharge rate and wind strength is investigated from numerical 
modelling. The 3D model, involving TVD scheme for density front captur- 
ing and non isotropic turbulence model is calibrated and validated by field 
measurements performed in the case of Rhone and Ebro sites. 

SPOT and LANDSAT data are used to analyze the high variability of 
the induced circulation in the region of freshwater influence and to estimate 
concentrations of Total Suspended Matter. 
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INSTABILITIES OF AN INTERMEDIATE WATER CUR- 
RENT 

J.M. Baey and D. Renouard (LEGI, Grenoble, France) 

Experiments have been conducted on the "Coriolis" rotating platform to 
study the stability conditions for a current of intermediate water. The 
flow is introduced in a two-layer system-along the vertical sidewall of 
the tank. The flow rate at the injector level and the free surface height 
are constant. With the geostrophic assumption, such a current is char- 
acterized by three aspect ratios, the Rossby or Froude number and the 
Ekman number. We observe five typical flow regimes: (1) a stable cur- 
rent for large Rossby and Ekman numbers defined at the injector level; 
a significant evolution of the current when these numbers decrease with 
(2) a serie of cyclonic vortices attached to the wall with an upstream 
stable current, (3) an anticyclonic instability, (4) dipoles shed from the 
current and (5) generation of anticyclonic lenses of intermediate water, 
alike "Meddles", for the smallest values of Rossby and Ekman num- 
bers. A Shallow-Water of an intermediate water flow is devetopped and 
fits very well with the experiments when the current is unstable. Energy 
transformations show that the nature of the instabilities is mixed namely 
both barotropic and baroclinic. In fact, the kind of phenomenon which 
appears depends on the relative importance between the barotropic in- 
stability and the baroclinic instability. As regards a stable current, it is 
geostrophic. Its downstream widening can be explained by the Ekman 
transport at the interfaces and Kelvin-Helmholtz instabilities. 

Mesoscale and Synoptic Near-Bottom Water Dynamics at test areas in the 
Clarion - Clipperton province of the Northeast Tropical Pacific 

T.A Demidova (1), M.F Pilipchuk(2), and V.M Yubko(2) 
(1) P.P.Shirshov Institute of Oceanology, RAS, Moscow, (2) Institute for 
Geophysical Methods and Ocean Exploration, Gelendzhik 
evita@redline.ru /Fax +7095-124-5983 

Mesoscale and synoptic current variability and estimates of mean and fluctuating 
kinetic energy (MKE and FKE) in the near-bottom layer are considered on the basis 
of twelve 3 to 13 months time-series from 9 subsurface moorings within three test 
areas. Data were collected in frameworks of international projects during 1991-1995. 
Quite a stable long-term direction of benthic currents is found for all sites and, in most 
cases, the topographic control of the direction is revealed. Mesoscale and synoptic 
energy spectra were analyzed. MKE and FKE estimates showed that MKE over 
observational periods were low (0.1 to 1.5 cm2s2) and FKE were mostly about 4-5 
times higher than MKE. MKE and FKE determined for different seasons and months 
as well as "time-series" of those constructed from several days averaged data allowed 
us to show features of time variability of the energy of different scales. The 
comparison of evaluating parameters for different moorings and levels above the 
bottom contributes in parametrization of synoptic and mesoscale processes in high 
resolution circulation models. 

SHORT-PERIOD VARIABILITY OF THE LUDERITZ UPWELLING CELL 

G.G.Boubnov 
Pi>.Shirshov Institute of Oceanology, Moscow, Russia 
kostianoy@glasnet.ru/Fax: +7-095-1245983 

The system of cold local upwelling cells (Cunene, Namibia, Walvis Bay, 
Luderitz and Namaqua) of the Benguela upwelling region (15-32S) has been 
identified and investigated by analysis of daily satellite images (AVHRR) of 
sea surface temperature (SST) in January-February 1986 and April-June 1988. 
The Luderitz upwelling cell 100-400km long, 50-100km wide, having 4-8C 
SST 
contrast with oceanic waters, has been found to be the most frequent and 
intense. Day by day variability of its position (northern and southern limits), 
length, width, SST, SST contrast with surrounding and oceanic waters and 
SST gradients has been investigated. The analysis showed irregular pulses of 
2-10 days with large variations of cell characteristics, related with the South 
Atlantic Anticyclone intensity. 

EDDY-DRIVEN BAROTROPIC TRANSPORT CONTROL BY BOTTOM 
FRICTION: THEORETICAL AND NUMERICAL RESULTS 

W. K. Dewar (1), A. P. De Miranda (2), and B. Barnier (2) 

(1) Department of Oceanography, The Florida State University, Tallahassee. (2) 
Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble. 
dewar@ocean.fsu.edu/Fax:l-904-644-2581 

The generation of localized, but large-scale, topography-related anomalies in the 
wind-driven circulation is revisited analytically and numerically. The novel effect 
argued theoretically is that barotropic transport near topography can come under the 
direct control of the eddy field and bottom friction. Such control emerges roughly 
in the event that the topography forms closed f/h contours. We examine the mean 
flow around the Zapiola Drift, a large scale depositional feature found in the South 
Atlantic, in light of the theory. In particular, the 80 Sv transport observed recently 
around this topographic feature can be rationalized. The basic elements in the 
theory controlling the circulation are eddy driving and bottom drag. These 
dynamics are supported by numerical experiments with a multi-layer 
quasigeostrophic model. Numerical simulations using an eddy-resolving sigma 
coordinate primitive equation model (SPEM) outfitted to the South Atlantic are also 
described. This model, under climatological monthly mean surface forcing, 
reproduces the Zapiola Anticyclone. The basic dynamical features of the theory are 
supported by this primitive equation model, as demonstrated by experiments with 
varying lateral and bottom friction. Interestingly, other topography-related features 
of the simulated Southern Ocean circulation also agree with the theoretical 
predictions, although comparable observational verification is lacking. 

THE PATHWAYS AND KINEMATICS OF MEDDIES IN THE 
IBERIAN BASIN 

Amy S. Bower 
Woods Hole Oceanographic Institution, MS #21, Woods Hole, MA, 02543, 
USA. 
abower«whoi.edu/Fax: (508) 457-2181 

Between May 1993 and March 1994, 44 RAFOS floats were deployed se- 
quentially in the Mediterranean Undercurrent south of Portugal as part of 
A Mediterranean Undercurrent Seeding Experiment (AMUSE). Ballasted for 
the lower core of the Undercurrent (1100-1200 dbars), the floats were tracked 
acoustically for up to 11 months. 
These float tracks revealed the formation of nine meddies along the Portuguese 
continental slope, and their subsequent translation through the Iberian Basin. 
These observations have been combined with float observations from two other 
meddy studies to describe the pathways and kinematics of newly formed med- 
dies. 
Some meddies that formed near Cape St. Vincent drifted rapidly northward 
along the continental slope for several hundred kilometers before drifting into 
the interior. One of these left the boundary near 38N, but continued drifting 
northwestward, reaching a maximum latitude of 39N before gradually turning 
toward the southwest. After 11 months, the net displacement of this meddy was 
slightly north of west (not southwestward). This suggests that the age of med- 
dies in the Canary Basin, which have been estimated assuming a southwestward 
drift from Cape St. Vincent, may have been underestimated. 

BAROCLINIC INSTABILITY OF A MERIDIONAL CURRENT 

L.Dubus, K.G. Speer and A.M. Treguier 
Laboratoire de Physique des Oceans, IFREMER Centre de Brest - BP 70 - 
29280 PLOUZANE - FRANCE. 
ldubus«ifremer.ir/Fax: [33] 2-98-22-44-96 

Recent observations in the intergyre region of the northeastern Atlantic Ocean 
showed low frequency mesoscale variability. SOFAR floats were thus advected 
for several years in zonal jets, both westwards and eastwards.The linear theory 
shows that baroclinic instability of the large scale currents, which are quasi- 
meridional and weakly sheared in the vertical, can drive such motions. A quasi- 
geostrophic, 3 layer model is used to analyze the non linear regime of this insta- 
bility, in an idealized configuration. The characteristics of the unstable modes 
depend essentially on the relative intensity of the mean curent vertical shear, 
which is the source for the instability, and the ß effect, which is the stabiliz- 
ing parameter. Taking into account the planetary vorticity gradient prevents 
the barotropic cascade towards large scales from occuring, driving to a sta- 
tistical equilibrium with zonal patterns of current. We focus on the ability of 
this process to contribute to the zonal transport of properties, and to excite 
long Rossby waves. This mechanism may be important in the spreading of the 
mediterranean salt tongue to the West, together with the large scale advec- 
tion and the transport by meddies. Basin scale circulation models generally do 
not well represent this process because the dynamics of the eastern basin is 
not very well simulated, and because the numerical stability implies the use of 
large diffusion coefficients, which prevent instabilities from growing. 
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FLOAT DISPERSION AND THE CXIMATOLOGICAL 
POTENTIAL VORTICITY DISTRIBUTION 

J. O'Dwyer (1), R. G. Williams (1), 3. LaCasce (2) and K. Speer (2) 
(1) University of Liverpool, Liverpool L69 3BX, U. K., (2) Laboratoire de 
Physique des Oceans, IFREMER, B. P. 70, 29280, Plouzane, France. 
jeo81iv.ac.uk 

Potential vorticity is defined as Q = --^ff where / is planetary vorticity, ( 
is relative vorticity, p is density and z is the vertical coordinate. In a steady, 
adiabatic flow, Q is materially conserved, and water particles are constrained 
to follow isolines of Q. The extent to which this regime applies in the North 
Atlantic is tested by comparing float trajectories with the large scale clima- 
tological distribution of Q, approximated by -£§f where it is assumed that 

C«/- u 
In the interior the mean angle between float trajectories longer than two years 
and Q isolines is less than 9°, suggesting an adiabatic regime where Q is nearly 
conserved. In the western boundary current larger angles reflect a different dy- 
namical regime where water particles cross isolines of Q, possibly as a result of 
eddy mixing. The root mean square change in Q for floats in the interior satu- 
rates over timescales of about 50 days near the equator and 100 days at 40°N, 
also suggesting near conservation of Q. After the initial period of adjustment, 
dispersion is restricted to the direction along isolines of Q. 
We speculate that this preferential eddy dispersion along isolines of Q will 
control the distribution of tracers in regions where the background flow is weak. 

INTERLEAVING IN THE EQUATORIAL PACIFIC 

N.R. Edwards and K.J. Richards (Southampton Oceanography- 
Centre, European Way, Southampton, S014 3ZH, U.K.) 

Temperature and salinity observations in the Western Equato- 
rial Pacific have shown interleaving layers with vertical scales of 
around 50 m which extend laterally for 100 km or more. These 
features have profound implications for mixing and transport but 
their origin is unclear, since mean conditions are often favourable 
for both double-diffusive interleaving and inertial instability. We 
present the results of a new linear analysis on the beta-plane which 
allows us to consider both processes simultaneously. 
Under certain conditions the layers can reach an equilibrium at 
finite amplitude, but if the salinity front is sufficiently strong the 
density structure can become unstable and convection sets in. The 
behaviour of the layers in this nonlinear regime is investigated 
using a non-hydrostatic model with a simple parameterization for 
the double-diffusive fluxes. 

MESOSCALE DYNAMICAL REGIMES DJ THE COASTAL OCEAN OFF 
IBERIA 

A. F. G. Fiüza 
Institute de Oceanografia, Universidade de Lisboa, Portugal 
fiuza'fc.ul.pt 

In situ intensive CTD surveys and current meter measurements off the western coast 
of Iberia combined with satellite observations during the observational phase of the 
European Union MAST-II MORENA Project, have allowed to identify two 
oceanographic regimes, alternating each year in the upper ocean, whose main meso- 
to submesoscale characteristics are as follows. During summer, typical hydrological 
and dynamical conditions related with the wind-driven coastal upwelling dominate: 
general uplifting of isopleths towards the shelf; fresher, colder and pigment-rich 
upwelled waters over the whole shelf with long filaments extending far (100-200 
km) offshore, separated by strong fronts from the saltier, warmer and oligotrophic 
open ocean waters; equatorward surface flow - the Portugal Coastal Current - over 
the slope in the vicinity of the shelf break. The shelf-ocean exchange is dominated by 
offshore transport associated with the upwelling filaments, each one transporting 
about 1 Sverdrup (10" m' s"1), and by shoreward return flows between each pair of 
filaments. From mid-autumn until late spring, a general situation of coastal 
convergence prevails, the most relevant transport mechanism in the upper ocean 
being the Portugal Coastal Countercurrent, flowing poleward over the upper 
continental slope along the seaward edge of the semi-permanent front which then 
separates the shelf waters from the open ocean. 

SURFACE CIRCULATION IN THE NORTHEASTERN ATLANTIC REGION 
OFF IBERIA 

A. F. G. Fiüza and C. S. Martins 
Institute de Oceanografia, Universidade de Lisboa, Portugal 
fiuza~fc.u1.pt 

A study of the surface circulation near the western Iberian coast during 1993 and 
1994, under the frame of the European Union MAST-II "MORENA" Project, was 
conducted using 16 drifters of the WOCE/TOGA type (drogues at 15 m depth) 
deployed mainly during November 1993. The drifters sampled a very heterogeneous 
velocity field with eddies of different scales but the mean currents were well 
represented by the mean velocity field and other related statistics in selected zones 
within the study region. From November 1993 until April 1994, a poleward surface 
current flowing along the upper continental slope and shelf break off western and 
northern Iberia was observed along more than 600 km, indicating that the northward 
Portugal Coastal Countercurrent is present not only in winter but also in spring. The 
mean speed in the Countercurrent was 13.5 ± 5.7 cm s-1 and the eddy kinetic energy 
(EKE) 42.0 ± 23.2 cmJ s!. The eddy kinetic energy (EKE) near the Iberian coast was 
48.8 ± 13.4 cm2 s'2, providing the largest part of the total kinetic energy as the MKE 
was 10.2 ± 4.8 cm2 s"J. Time and space lagrangian integral scales of about 3 days and 
17 km were obtained. The mean zonal and meridional diffusion coefficients 
computed from the drifter data were of (1.5±0.3)xl0' cm2 s'1 and (1.5±0.4)xl0' cm2 

s1, respectively, showing a degree of isotropy unexpected for a region so close to the 
shore. 

A FINITE ELEMENT MODEL FOR THE BAROTROPIC VOR- 
TICITY CONSERVATION EQUATION: THE CANARY ISLANDS 

M. Esteban, I. Rodriguez and A. Ruiz de Elvira 
Clima Maritimo, Puertos del Estado - CEDEX, C/ Antonio Lopez 81; Madrid 
E-28026, Spain. 
Margarita.Esteban«cedex. es/Fax: [+34] 1 335 76 01 

A finite element model code has been developed to simulate the barotropic 
vorticity conservation equation. The main purpose of this model is to resolve 
vortex shedding from islands, where finite elements have been chosen as they 
adapt to any contour line. In the vicinity of islands, the appearance of vortices 
in nature are important as they are associated with upwelling/downwelling, 
and hence influence the rate of primary production. 
Eulerian and Lagrangian views of vortex shedding are shown for various types 
of geometric obstacles, viastreamfunction and passive tracer particle plots. The 
wakes contain vortices of the von Karman type in which vortices are alterna- 
tively shed from each side of the obstacle. Results of how interaction of wakes 
generated by the obstacles, depend on the distance between these obstacles, are 
also presented. Finally, examples with line vortex stretching terms are shown 
and compared with those resulting from cases in which flat bottom topography 
is used. 
In particular, this model has been applied to the Canary Islands, where vortex 
shedding is accepted as a mesoscale phenomenon. Groups of islands have been 
chosen to show how their wakes interact, where they have been represented by 
different geometric shapes. 

THREE-DIMENSIONAL STRUCTURE OF A COASTAL MESOSCALE 
INSTABILITY 

J. Font (I). C. Millot (2), M. Emelianov (1), J. Salas (1), S. Ruiz (1) & D. Pitrat (3) 
(1) Institut de Ciencies del Mar CSIC, Barcelona, Spain, (2) Centre d'Oceanologie 
de Marseille. La Seyne, France, (3) DCN Ingenierie Sud LSM, Ministere de la 
Defense, Toulon, France 
jfont@iem.csic.es/Fax: +34-3-2217340 

An instability of the Algerian current (western Mediterranean) was sampled during a 
cruise of the MTP II-MATER MAST project on board the Spanish RV Hespendes 
in October 1996. It was identified, between 0° and 2°E, with infrared remote sensing, 
mainly as a meander of the current surrounding a coastal anticyclonic eddy, and 
associated with a secondary cyclonic eddy, upstream and seaward from the crest of 
the meander. In situ sampling of this instability was precisely located in relation to 
this surface signature by real time reception of satellite imagery. CTD, XCTD, XBT 
and ADCP profiles were recorded at high (a few km) horizontal resolution along 
several on-offshore sections, and 18 surface drifters were released for a Lagrangian 
tracking of the instability evolution. Upstream from the instability the current was, as 
usually, 55-60 km wide; whithin the anticyclonic part of the meander (alongslope 
length of about 150 km) it was shifted until 95 km offshore while, downstream from the 
instability, the width of the current was reduced to no more than 30 km. The cyclonic 
eddy reached a diameter of about 60 km and only affected the surface layer (about 100 
m). but the coastal anticyclonic one appeared to be more than 1000 m deep. 
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TEMPORAL VARIABILITY OF THE SHELF CIRCULATION OFF THE 
EBRO DELTA AT MESOSCALE 

M.A. Garcia (1), M.D. Herrera (1), J. Puigdefabregas (1), A.Sanchez-Arcilla (1), T. 
Rippeth (2), J. Simpson (2), J. Guillen (3), A. Palanques (3) and P. Puig (3) 
(1) Laboratori d'Enginyeria Maritima, Universität Politecnica de Catalunya, c/Jordi 
Girona 1-3, modut Dl, 08034 Barcelona, Spain 
(2) School of Ocean Sciences, University of Wales, Bangor, Menai Bridge, LL59 5EY 
Gwyneed, United Kingdom 
(3) Institut de Ciencies del Mar, Pg. Joan de Borbo s/n, 08039 Barcelona, Spain 

In the framework of the FANS project funded by the EU MAST-III Programme, 
several arrays of current meters were deployed at two transects north and southeast of 
the Ebro delta across the continental shelf and the upper slope for long-term time 
series observations. Monitoring on the southernmost transect began in November 1996 
whereas observations at the northern transect were started in July 1997. The moorings, 
which consist of ADCP and RCM current meters placed at different depth layers, were 
deployed on bottom depths of roughly 50, 100, 300 and 600 m. The mid-shelf and 
upper slope current data exhibit alternation of two different circulation regimes: i) a 
"mesoscale regime", which is characterized by mean currents of the order of 15-20 
cm/s to the S-SW and occurs when the shelf circulation is controlled by the Northern 
Current, i.e. the southward-flowing baroclinic jet linked to the Catalan slope front; and 
ii) a "high frequency regime" including sub-mesoscale oscillations (namely inertia!, 
diurnal and multidiumal oscillations related to the cyclicity of the local meteorological 
conditions), which takes place when the control exerted by the slope circulation on the 
shelf circulation is weak and the local forcings prevail. A detailed study on the spatial 
and the temporal structure of both regimes will be presented. 

MESOSCALE EDDIES IN THE JAPAN SEA 

AJ.Ginzburg, A.G.Kostianoy, A.G.Ostrovskii 
Shirshov Inst. of Oceanology, Moscow, Russia 
kostianoy@glasnet.ru/Fax: +7-095-1245983 

Role of mesoscale eddies in dynamics of the Japan Sea was revealed and both 
their space-time and kinematic parameters were determined on the basis of 
NOAA HRPT ER images (1993-1994) and satellite-tracked drifters data 
(1992-1995) analysis. The most typical diameters, mean orbital velocities and 
revolution periods of the eddies in the southern area were 90-140 km, 26-34 
cm/s and 12-15 days, respectively, their translation velocity did not exceed 
2 cm/s. Entrainment of warm (cold) water from south (north) by the eddies 
determined existence of the East Korean Warm Current, intensive zonal flow 
around the Yamato Rise and southward cold water intrusions. Seasonal 
variability of the observed circulation picture, its association with bottom 
topography and its correspondence with known schemes based on 
hydrographic data and numerical modelling are discussed. 

BROAD BAND SPECTRUM OF MESOSCALE EDDIES IN THE GREENLAND 
AND MEDITERRANEAN SEAS RELATED TO DEEP WATER FORMATION. 

J.C. Oascard 
LODYC, UPMC, Paris 
gascard@lodyc.jussieu.fr/Fax: 33 1 44 27 38 05 

Recent lagrangian observations regarding mesoscale circulation variability, have 
been taken in the Greenland sea during the European Subpolar Ocean Project 
(ESOP2/MAST3) and in the Mediterranean sea during the SOFARGOS experiment 
(MAST2). Both regions, wellknown for producing deep waters during winter and 
spring seasons and subjected to a strong «stratification in summer and fall, are 
revealing a surprising mesoscale eddy activity over long periods of time (several 
months). The mesoscale eddy field contains 10 times more kinetic energy than the 
mean field and it covers a very broad band from 5 to 50 kms diameter and 2 to 20 
days period respectively. Potential energy seems to be the main source of energy for 
these eddies and, more likely, it originates from the diabatic cooling and heating at 
surface. In addition, there is an input of energy from the wind due to mechanical 
stirring initially and eventually from interaction with topography due to potential 
vorticity conservation at a later stage. In the first instance, the conversion of mean 
potential energy to eddy kinetic energy is the important phenomenon but, due to 
large diabatic effect related to strong air-sea interactions and internal mixing, it is 
still poorly understood. Most of the diagnosis based on baroclinic instability capable 
of converting potential in kinetic energy, are not entirely relevant in these instances 
since adiabatic assumption is not valid anymore. As we will show, a promising way 
to make progress, is to correlate the vertical component of the current with 
horizontal velocity fluctuations. 

AGGREGATES DISTRIBUTION IN THE EASTERN ALGERIAN BASIN. 

Gorskv. G.'. I. Taupier-Letage2, M. Picheral1, L. Stemmann1 

1- LOBEPM, URA2077, B P. 28, 06234 Villefranche/m, France, gorsky@obs-vlfr.fr 
2- LOB, UMR CNRS 6535, COM c/o IFREMER, BP. 330, 83507 La Seyne.France. 

Abundance and size distribution of suspended aggregates were studied in two eddies, 
in conjunction with the mesoscale dynamics during the ELISA-1 cruise (Eddies and 
Leddies Interdisciplinary Study in the Algerian basin, MATER MAST-3 project) in 
July 1997. Data were obtained by multiparametric sampling of the water column with 
a new instrument called the Underwater Video Profiler (UVP). It collects data on 
suspended particles >150 urn, abundance and size, turbidity, fluorescence, CTD and 
macrozooplankton vertical distributions. We sampled one algerian-current- induced 
deep anti-cyclonic eddy of 130 km in diameter and one small shear- induced 
superficial cyclonic eddy of 30 km in diameter. Both abundance and size of particles 
were higher in the cyclonic eddy and were positively correlated with the turbidity but 
not with the fluorescence. Further analysis will determine whether this is due to the 
presence of a regeneration system based on small plankton, or to the accumulation of 
detritus. Such eddies generate filaments entraining water from the proximity of 
Sardinian or Algerian coasts This could explain localised increase of fluorescence 
and aggregates abundance on their edges. Although particles abundance data from 
this cruise are similar to those obtained in summer conditions in other oligotrophic 
regions, the spatial pattern of the aggregates distribution is different and seems 
influenced by the mesoscale dynamics. 

COASTAL CURRENT INSTABILITIES IN THE PRESENCE OF 
TOPOGRAPHY 

L. Gervasio (1) and L. Mortier (1) 
(1) Laboratoire d'Oceanographie Dynamique et de Climatologie, Paris, France. 
gervasio01odyc.jussieu.fr, mortierOlodyc.jussieu.fr 

The circulation of several basins can be strongly influenced by the instabilities 
of bouyant density currents. A linearized-analytical model and a 3-D PE numer- 
ical model are used to analyse and to understand the role of the topography on 
an unstable coastal buoyant current. The analytical approach allows to study 
the modifications to the baroclinic unstability produced by including a highly 
variable topography. When the slope is slight, only quasi-geostrophic modes 
exist. When the slope is very steep, others modes of ageostrophic type only 
appear with high growth rates and with very short wavelengths. The numerical 
approach allows us to study the physical mechanisms which control the interac- 
tion between the mean circulation, the mesoscale activity and the topography. 
Several phenomena are influenced by topography, including the amplitude of 
meanders, the displacement of vortices, the intensification of the deep cyclonic 
circulation, and, especially, the formation of an eastward mean current which is 
trapped above the slope. A numerical application to the Algerian Basin shows 
that the spatial scale of instabilities corresponds to the analytical results and 
to field observations. Also, this numerical simulation demonstrates the impor- 
tance of accurately simulating the topography, a task achieved in this study 
using the generalized sigma co-ordinate system. 

MEDDY GENERATION AND TRANSLATION MODELLED ON 
OCEAN AND TANK SCALES 

J. Häuser (1), R. H. Käse (1) and D. Renouard (2) 
(1) Institut für Meereskunde Kiel, Germany, (2) Institut de Mecanique de 
Grenoble, France. 

Measurements in the 1980's have revealed, that Mediteranean eddies are an 
important agent responsible for the effective transport of salt out of the coastal 
region off the Iberian Peninsula. Internal dynamics seems to control the propa- 
gation, stability and thus longevity of these strong isolated nonlinear vortices. 
In a numerical PE model an idealized meddy was implemented. To facilitate 
the direct comparison with laboratory experiments conducted with the "Cori- 
olis" turntable at LEGI in Grenoble, the model has the same scales as the 
tank. Results of the comparison between model and tank experiments and the 
dependency of the evolving vorticity field on the Burger and Rossby number 
will be presented. Further the interaction between cyclonic and anticyclonic 
vortices and the interaction with different shapes of lateral boundaries both 
on tank and ocean scales are investigated. The datasets form a basis for test- 
ing the applicability of the tank experiments to oceanic scales. This work is a 
contribution to MAST3-CANIGO-CT96-0060. 
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Interaction effects in water dynamics of mezo- and synoptic 
scales 

on the White see shelf 

Y. Inzhebeikin, F. Yudakhin. 
Institute of ecological problems of the North. Russian Academy of Seiendes, 
Arkhangelsk, Russia 

Surge-tide non-linear interaction effects in the tide current were researched with 
the help of Prandle & Wolfs "concurrently" model method. The interaction causes 
tide currents changes in dependence upon the phase of the surge relative to the tide. 
Those changes were reflected as vectors non-distorted & destorted by tide currents 
interaction. The scheme of vector differences field was found out to be similar to 
the one of surge currents components for the same moment of time. Vector 
differences sizes are 4-8 times less than corresponding surge currents components 
and their directions are the same on the surge rise phase and contrary on .the fall 
phase. 
Expedition researches in the straight Gorlo of the White sea showed the three 
mechanisms of eddies generation as the interaction effectes of tide movement, i.e. 
eddies formation: ljduring hydrological front meandering because of its interaction 
with tides; 2)because of horisontal stress unstability at river waters advection by 
reversive tide currents: here bifurcation "nuclears" are small in volume but 
comparatevely frequent in space (along the eastern coast of the straight) of river 
waters intrusion; 3)because of the straight coasts dampfing influence on progressive 
tide & surge waves from the Barents sea. 

THE ROLE OF TRANSIENT EDDIES IN THE DYNAMICS OF 
THE ACC IN THE INDIAN SECTOR OF THE SOUTHERN 
OCEAN 

V.O. Ivchenko (Department of Oceanography, University of Southampton, 

Southampton Oceanography Centre, Southampton, S014 3ZH, U.K.; 

voi'ösoton.ac.uk) 

The eddy field from the TOPEX altimeter data shows a vigorous eddy field 

around the Crozet Plateau, especially around the northern branch and down- 

stream of the Plateau. The important question is how transient eddies affect 

the mean flow? This problem has been studied using extension of the Eliassen- 

Palm flux concept for the three-dimensional case. The output of two fine res- 

olution numerical models, namely FRAM and POP, has been used in these 

calculations. Transient eddies are found to be responsible in shaping the flow 

structure and transferring momentum in both the horizontal and vertical. The 

eddy flux of the potential vorticity has been split into rotating and divergent 

parts by solving a Poisson-type equation with appropriate boundary condi- 

tions, using iteration schemes. The rotational part is found to be quite large 

in the western and north-western part of the Crozet storm track. 

SEASONAL AND INTEARNUAL SIMULATIONS OF THE 
NORTH ATLANTIC VARIABILITY WITH A REGIONAL 
OCEANIC MODEL 

J.J. Jimenez, W. Cabos and M.J. OrtizBevia 
Departamento de Fisica. Universidad de Alcalä. Ctra. Madrid-Barcelona Km 
33,600, Alcalä de Henares, E-28871 Madrid. 
jjjCws3.lsc.alcala.es/Fax: [34] 1 885 49 42 

We use a regional version of an isopycnal ocean model (OPYC) to simulate 
the seasonal variability of the North Atlantic. The model used is an updated 
version of the OPYC with open boundaries. It consists in 10 isopycnal layers 
that simulated the deep ocean, topped by a mixed layer and coupled with 
a sea ice model. The domain cover 19°N to 65°S, and 98°W to 1TE, the 
grid resolution is 1.16° zonally and 0.52° meridionally. The seasonal evolution 
of the surface velocities as well as temperatures is satisfactory. An improved 
parameterization that includes the Neptune effect, allow us a better simulation 
of the dynamics, specially in the eastern boundary. Mechanisms of adjustement 
that maybe relevant to understand the decadal variability are also studied. 

A NUMERICAL STUDY ON GRAN CANARIA ISLAND EDDIES 
GENERATION 

B. Jimenez, P. Sangra 
Departamento de Fisica, Universidad de Las Palmas de GC, Canary Islands. 
Bjimenez@Cicei.ulpgc.es 

Satellite and field observations (Aristegui et at. 1994, Deep SeaResearch)indicate that 
cyclonic and anticyclonic oceanic eddies are sequentially spun off from Gran Canada 
Island. Two mechanisms has been proposed for Gran Canada eddies generation. First 
mechanism is the perturbation of the mean flow (Canary Current) by the island. 
Canary Current flows NNE to SSW through the Canaries archipelago with reported 
geostrophic speeds up to 0.3 m/s (Reynold number up to 200) ,and might be expected 
to give rise to eddies. As proposed by Barton 1994( Annales Geophysicae), a second 
mechanism is the eddies generation by wind forcing. Due to trade winds perturbation 
by the island, strong wind shear lines are generated at the island wake, therefore eddies 
might be forced by the intense wind stress curl through Ekman pumping mechanism. 
Preliminary results of a quasi- geostrophic numerical model shows that both 
mechanisms may operate depending on the relative intensity of the trade winds and 
Canary Current. 

THE AGULHAS CURRENT SYSTEM: THE INFLUENCE OF ED- 
DIES ON THE TIME-MEAN CIRCULATION DIAGNOSED FROM 
GENERAL CIRCULATION MODELS 

V.O. Ivchenko, S.E. Best and N.C. Wells Department of Oceanography, 
University of Southampton, Southampton Oceanography Centre, Southamp- 
ton, S014 3ZH, U.K. ncw@mail.soc.soton.ac.uk 

The Agulhas Retroflection region is analysed in two ocean general circulation 
models, (FRAM and POP). It is shown that both models have two quasi-zonal 
jets, a northerly westward flowing jet and a more southerly eastward flowing 
jet, which act as the entrance and exits of the Retroflection region' respectively. 
Both jets are shown to be baroclinically unstable, and have growth rates and 
wavelength consistent with those observed in both models. The energy analysis 
demonstrates that the westward jet is intensified by reynolds stresses, whilst 
the eastward jet shows that the reynolds stresses act to diffuse the jet. The 
divergence of Eliassen-Palm vector also gives evidence of the influence of eddies 
on the mean flow, both in the thermocline and in the deep waters. The structure 
of this influence is rather complicated. The westward jet is intensified by eddies 
but in the southern part of that jet in the waters deeper than 800 m there 
is a retarding of the mean flow by the eddies. In the eastward flow in the 
thermocline a retarding of the flow takes place, however in more deeper layers 
(deeper of 700 m) a strong forcing by the eddies occurs. 

FLOW PHENOMENA IN THE NORTH AEGEAN SEA DERIVED 
FROM SATELLITE DATA 

L.Jansson(Dep Water Resources Engineering, University of Lund, P.O.Box 118, 
S-221 00 Lund, Sweden) 
G.Zodiatis(Lab Physical Oceanography, Dpt Fisheries, MANRE, Nicosia, Cyprus) 

The Black Sea is connected to the North Aegean Sea via the straits of Bosphorus and 
the Dardanelles respectively. There is a significant surface layer flow from the Black 
Sea to the North Aegean Sea. The discharge pattern of the Black Sea Water origin 
(BSW) into the surface layer of the North Aegean Sea (NAS) is important to 
understand due to several environmental problems related to the dispersion of 
pollutants from various sources in the Black Sea towards the Mediterranean. 
Therefore, the knowledge of the hydrodynamic properties of the North Aegean Sea 
and especially the transport and spreading patterns of BSW is essential. Satellite data 
can provide important, qualitative information on circulation patterns and also a 
potential to quantify surface advective velocity fields. The surface water tempera- 
tures and temperature differences were used as a tracer for: 

a) a qualitative description of the main hydrodynamic features of NAS, with 
emphasis on the discharge pattern of the BSW, analysed by a large number 
of NOAA-AVHRR data collected during one year, between 1995-1996 

b) application of the Maximum Cross Correlation Method (MCQ to obtain 
quantitative information on surface advective velocities using sequences of 
NOAA-AVHRR data. 
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THE FORMATION AND RROJAGATION OF ENERGETIC ED- 
DIES IN EQUATORIAL BOUNDARY CURRENTS 

Rolf Käse mid Robert Tyler 
Institute fuar Meereskunde, Abteilung Theoretische Ozeanographie, Duestern- 
brooker Weg 20, 24105 Kiel, Germany. 
rtylertifm.uni-kiel.de/Ruc: [+49] 431 565 876 

From observations and raaent numerical model results It is seen that the region 
of the North Brazil Current (NBC) is a center for the generation of large and 
energetic antlcyclonic eddies. These eddies are generated near the retroflection 
of the NBC and propagate along the const toward the Northeast. The physical 
processes responsible for the eddy generation and propagation are examined, 
first using theory and idealized process model studies, and then by an analyses 
of the realistic eddy-resolving numerical DYNAMO result». 

INFLUENCE OF DOUBLE DIFFUSION ON SYMMETRICAL BAROCLINIC 
INSTABILITY OF OCEANIC FRONTS 

N.P.Kuzmina and V.M. Zhurbas 
Shirshov Institute of Oceanology, Moscow, Russia E-mail: zhurbas@glasnet.ru 

We analyze analytically the problem of linear instability of 2D thermohaline baroclinic 
front taking into account vertical mass and momentum transfer caused by both double 
diffusion and turbulent mixing. Special attention is paid to a new type of baroclinic 
instability driven by coupled effect of double diffusion and baroclinicity. Being 
discovered by Kuzmina and Rodionov (1992) this instability in contrast to the 
Mclntyre instability (1970) can exist with no limit on geostrophic Richardson number. 
A necessary condition for this new instability is nonzero Schmidt number, that is 
viscosity produced by double diffusion. We investigate the question of how the 
turbulence acts on this instability. The theory is successfully applied to describe 
intrusions in some oceanic fronts, namely the Subarctic Frontal Zone in the Western 
Pacific and the Azores Frontal Zone in the Atlantic. 

THE INTERACTION BETWEEN GYRE SCALE AND LOCAL SCALE 
DYNAMICS IN THE AGULHAS REGION. 

H.S. Koekkoek 
Institute for Marine and Atmospheric research Utrecht, Utrecht University, 
Princetonplein 5, 3584 CC Utrecht, The Netherlands, e-mail: 
H.S.Koekkoek@fys.ruu.nl, fax: +31 302543163 

The exchange of heat and salt between the Indian and South Atlantic Ocean via the 
Agulhas Current varies seasonally and interannually. Analytical and numerical studies 
have suggested that this interbasin exchange is largely sensitive to variations in the 
wind stress above the subtropical gyre of the Indian Ocean, in particular a meridional 
shift of the position of zero wind stress curl. However, it is still an open question how 
the local and far fields match and to what degree Agulhas leakage and ring formation 
are driven by local, gyre scale or global scale dynamics. 

As a first step to solve this problem, the MICOM isopyenic coordinate model in a 
reduced gravity form is used. With this model, a study will be presented of the effect 
of gyre scale changes in the wind stress forcing above the Indian Ocean on local 
processes in the Agulhas region. 

ANALYSING THE INTERLEAVING IN OCEANIC FRONTS TO EVALUATE 
COEFFICIENTS OF TURBULENT MIXING 

NJP.Kuzmina 
Shirshov Institute of Oceanology, Moscow E-mail: zhurbas@glasnet.ru 

CTD-data obtained in the Azores Frontal Zone and the Subarctic Frontal Zone in the 
Western Pacific are applied to study the relationship between characteristics of 
intrusions and mean parameters of thermohaline field. Self similar empirical 
dependencies between intrusion intensity and parameters of thermoclinicity and 
baroclinicity are constructed. Obtained from the analysis abrupt decrease of intrusion 
intensity with the reduction of geostrophic Richardson number is explained by the 
beginning of turbulence when salt fingers don't work any longer and "driving force" 
for intrusion motion disappears. This result is consistent with the conclusions of paper 
(Kuzmina, Rodionov, 1992) devoted to study the instability of quasigeostrophic 
front/current on the base of a linear, two-dimensional model of interleaving with 
mixing dependent on both salt-fingers convection and turbulence. Namely: the 
baroclinicity prevents double-diffusion interleaving by means of shear turbulence but 
generates intrusions due to the symmetric instability of quasigeostrophic current. The 
comparison between the new calculations using the model by Kuzmina and Rodionov 
together with the empirical self similar functions gives the possibility to evaluate 
turbulent mixing coefficients as a function of geostrophic Richardson number for the 
both fronts under investigation. The comparison of the proposed approach with the 
well-known method by Osbom and Cox (1972) are discussed. 

STRUCTUREOF THE WARM-CORE RING AND THE CONSERVATION 
OF ANGULAR MOMENTUM 

KorotaevG. K.(MarineHydrophysicalInstituteNANU, Sevastopol,Crimea,Ukraine) 

Meandering of strong oceanic fronts gives the origin of the most intense mesoscale 
eddies. The water in the central part of such eddy differs significantly from the 
ambient fluid. The available potential energy of the initial density slope is the main 
energy source of the following evolution of the eddy. The release or the available 
potential energy is attended by the radiation of gravity and Rossby waves. The 
nonlinear geostrophic adjustment scheme describing the evolution of the eddy is 
elaborated based on the conservation of angular momentum. It is enough to know the 
size of meander and the density stratification from both sides of a front for the 
reconstruction of full three-dimensional structure of a strong eddy formed after the 
detachment of frontal meander. We apply the nonlinear geostrophic adjustment 
scheme to calculate the structure of the warm-core ring traced during almost 150 
days at the beginning of 80-ies. The distribution of density and velocity within the ring 
is calculated based on the archive density profiles to the left and to the right from 
the Gulf Stream front. Without any fitting the calculated density and velocity fields 
correspond to the observed ones presented by Joyce and McDougall, 1992 with the 
accuracy of 20 percents. 

MESOSCALE VARIABILITY OF THE NW MEDITERRANEAN 
SPRING BLOOM : PROCESSES AND PARAMETERIZATION 

M. Levy (1,2), I. Memery (1), G. Madec (1), M. Visbeck (2) and N. Naik (2) 
(1) LODYC, IPSL, Paris VI, France, (2) LDEO, USA. 

In the NW Mediterranean Sea, sea-colof images suggest that the eddies which 
participate in the restratification following deep convection interact with the 
spring phytoplankton bloom. The mechanisms for this interaction are studied 
using an eddy-resolving model, initialized with a patch of dense water sur- 
rounded by a stratified ocean. After a few days, meanders develop at the pe- 
riphery of the patch. They are associated with strong upward velocities which 
cause shallow mixing-layer in the though of the meanders. This process locally 
enhances phytoplankton growth by increasing their averaged daily insolation. 
Further investigation is conducted to determine whether this mesoscale produc- 
tivity enhancement can be parameterized. Two commonly used eddy parame- 
terizations are tested in a coarser resolution context: the Gent and McWilliams 
(1990) parameterization (GM), and horizontal diffusion (HD). With GM, the 
redistribution of water masses leads to a shoaling of the mixing layer all around 
the convective area. As a result, productivity is enhanced similarly as when 
eddies are explicitly resolved. With HD, the convective area disappears due 
to diffusion of density across the isopycnals. The mixing-layer depth remains 
relatively deep, and productivity is significantly reduced. However, the above 
results only hold when the net heat-forcing is weak. In cases of strongly vari- 
able surface forcing, the impact of air-sea fluxes on the mixing-layer depth (and 
therefore on productivity) dominates over mesoscale effects. 
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FROM INSTABILITY WAVES TO TUNA IN THE TROPICAL ATLANTIC 

Menkes C, Marchal E, Lebourges A., Biessy B., Morliere A., Dandonneau Y., 
Balle J., Reverdin G. (1) .Champalbert G. (2),. (l),Flament P. (3).,Kennan S. (4). 
(1) LODYC, (2) Luminy, (3) Ifremer, Brest, (4) Scripps, USA 
menkes@thetis.lodyc.jussieu.fr/FAX: +33 144 27 71 59 

One region of the tropical Atlantic ocean stands out for its remarkable seasonal 
fishing of tuna: the PICOLO region [2N-5N.5W-25WJ. This region experiences > 
seasonal instabilities known as tropical ocean instabilities associated with highly ; 
energetic amicyclonic eddies with very specific velocity structures that affect the 
upper layers of the ocean. Hence it is likely that they greatly affect the ecosystem 
and may lead to tuna concentration. The PICOLO program has been designed to 
observe the characteristics of the dynamical/biogeochemical PICOLO region during 
a series of sea cruises, and to model the relationships between the dynamics and the 
ecosystem in order to understand the high tuna concentration. During the June-July 
1997 PICOLO cruise, a tropical instability wave situation was sampled. Concutrent 
measurements of micronekton, Zooplankton, phytoplankton biomasses, profiles of 
nutrients, temperature salinity and currents were collected. These measurements are 
used to describe for the first time, the 3-D structure of an anticyclonic tropical eddy 
in the Atlantic Ocean and its consequences on a particular surface enrichment that 
may, in turn, lead to tuna concentration. The data are also used to validate a high 
resolution coupled dynamical-biogeocnemical NNPZD model of the tropical , 
Atlantic ocean that successfully simulates the main dynamical and primary 
production patterns associated with instability waves. 

THE ALGERIAN EDDIES 

C.Millot. I. Taupier-Letage, J.L. Fuda 
Laboratoire d'Oceanographie et de Biogeochimie, CNRS UMR 6535 
cmillot@ifremer.fr 

As supported by altimetry, the Algerian Basin is the part of the Mediterranean Sea 
that is the most energetic at mesoscale. This is due to the unstable character of the 
Algerian Current that continuously meanders and generates eddies. Satellite images 
show that cooler and chlorophyll-richer waters upwelled where a meander leaves the 
coast describe an anticyclonic eddy within the meander. The meander and the eddy 
have a dimension fluctuating in the range 50-100 km, they propagate downstream at 
a few km/day, can be followed for weeks/months, and are often associated with 
intense (order of 50 cm/s) currents in the surface layer (about 200 m) mainly. A few 
times per year, whatever the season, especially energetic events are created. They 
seemingly have characteristics similar to the aforementioned ones in the surface 
layer, but are associated from their early stages with a relatively large (100-200 km) 
anticyclonic eddy in the whole deeper, layer. Such an event detaches from the 
Algerian Current generally at the entrance of the Channel of Sardinia, where the 
:deep isobaths turn seaward, and both the surface and the deep eddies come to merge. 
The resulting anticyclonic eddy often follows an anticlockwise circuit in the Algerian 
Basin, probably due to the beta-effect and the general shape of the basin. It is' 
recognized for months as an isolated coherent structure often more than 200 km in 
diameter so that 2-4 such eddies can survive simultaneously as they fill the basin. 
iFrequent and sometimes dramatic interactions thus occur between the eddies and 
their parent current that can spread seaward, at right angle from its normal, 
alongslope course, for months. These eddies also condition markedly the circulation 
of intermediate and deep waters in the whole Algerian Basin. 

VARIABILITY IN THE WIND-DRIVEN CIRCULATION IN THE 
NORTH ATLANTIC 

M. J. Molemaker, M. J. Schmeits and H. A. Dljkstra 
Institute for Marine and Atmospheric Research Utrecht, Utrecht University, 
The Netherlands.. 
nmoleo0fys.ruu.nl 

A reduced gravity shallow water model is used to study multiple equilibria and 
transition to periodic behavior of the wind-driven circulation in the North- 
Atlantic. Using a finite element representation and techniques of bifurcation 
theory, the effect of geometry on the mean flows and modes of variability is 
studied. There is a regime in parameter space for which two equilibria of the 
Gulf Stream mean path co-exist at the same forcing. Inter-seasonal and inter- 
annual variability of the mean path can be explained through instabilities and 
are shown to be related to those already found in simpler geometry. Patterns of 
variability are concentrated in the Gulf Stream and correspond to meandering 
and eddy shedding. 
Additionally, high-frequency variability in the North-Atlantic has been studied 
using the 15 years of monthly mean sea surface temperatures from the Reynolds 
and Smith' dataset. Multi-channel singular spectrum analysis (M-SSA) has 
been used to obtain oscillatory modes of variability. The significance the modes 
that will be shown has been demonstrated on the basis of a Monte Carlo M-SSA 
algorithm. Data as well as results from the finite-element study show similar 
patterns of variability with comparable time scales. 

INFLUENCE OF MIXING ON THE STABILITY OF OCEANIC 
CURRENTS 

Yves Morel. EPSHOM-CMO. 
James McWilliams, IGPP, UCLA. 

We have investigated the influence of mixing on the stability of a coastal oceanic 
current. Theoretical results indeed show that diapycnal mixing can have a 
strong effect on the potential vorticity structure of a current and trigger baro- 
clinic instability. The analysis we will present relies on the Charney-Stern cri- 
terion for currents stability and the Haynes-Mclntyre impermeability theorem 
that governs potential vorticity evolution. Results from numerical models and 
experiments in rotating tanks that support our theoretical conclusions will be 
presented. Application to oceanic currents such as the mediterranean outflow 
will bediscussed. 

SUBDUCTTON RATES IN THE SOUTH ATLANTIC USING A HIGH 
RESOLUTION NUMERICAL MODEL 

De Miranda m. A. P., B. Barnier (1), and W. K. Dewar (2) 
(1) Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble 
(2) Department of Oceanography, The Florida State University, Tallahassee 
Anne.De-Miranda@hmg.inpg.fr/Fax:(33-4) 76-82-52-71. 

Mode waters are thought to be mainly formed in late winter by convection. The 
formation process and their ventilation in the thermocline are difficult to analyse 
with hydrographic measurements. A 40 years long numerical eddy-resolving (1/3°) 
experiment has been carried out for the South Atlantic, using seasonal forcing 
fields. The model mean circulation is in good agreement with the idea we now have 
of the South Atlantic general circulation. The formation of strong pycnostads in the 
upper ocean in the Subtropical Gyre in the simulation made us to consider 
processes of Mode Water formation. Given the small time and space scales 
resolved by the model, it was possible to quantitatively analyse the formation 
process of the Subtropical Mode Waters and their path within the Subtropical Gyre. 
To quantify their production, we computed instantaneous subduction rates (i.e. the 
mass flux going from the mixed layer into the main thermocline) for various water 
masses in the Subtropical Gyre. This computation gives access to annual mean 
subduction rates for different density classes which are consistent with the 
pycnostads found in the thermocline. Our analysis attempts to quantify the 
contribution of the eddy field to mode water formation and shows that eddies are 
most important in the preconditioning of the waters exposed to winter cooling. 

LABORATORY MODELLING OF TOPOGRAPHIC 
ROSSBY MODES 

S. Pierini (1), A. Fincham (2), D. Renouard (2), M. D'Ambrosio (3) 
andH.Didelle(2) 
(1) Dipartimento di Fisica, Universita degli Studi, L'Aquila, (2) Equipe 
"Coriolis", Laboratoire des Ecoulements Geophysiques et Industrieis, 
Grenoble, (3) Istituto di Meteorologia e Oceanografia, Istituto 
Universitär«) Navale, Napoli 
Stefano.Pierini@aquila.infn.it/Fax: +39-862-433033 

Laboratory simulations of topographic Rossby normal modes (typical 
mesoscale topographically trapped oceanic features) are presented. The 
experiment was carried out in the "Coriolis" Rotating Platform at 
L.E.G.I. in Grenoble in the framework of the E.U. "Large Scale 
Facility Program". Preliminary numerical experiments have allowed to 
define an optimal topography and an efficient method of excitation of 
the modes. The main feature of the topography is a linear slope of 4x2 
m delimited by two walls which allow for Rossby wave reflection and 
subsequent formation of normal modes. These motions, generated by a 
simple movement of a wavemaker and measured by means of sonic 
currentmeters and the "Correlation Imaging Velocimetry" method with 
laser induced fluorescence images, have revealed eigenfrequencies and 
spatial structures in very good agreement with the theory. 
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MODELLING SIMMER MARINE CIRCULATION OF THE GULF OF LIONS 
: USE OF AN EMBEDDED MODEL 

Raillard 0.(1), S. Deleville(2), L. Mortier(3) 
(1) SAFEGE CETTIS, AIX-METROPOLE, 13100 Aix-en-Provence, France 
Olivier.Raillard@cetiis.fr 
(2) Laboratoire «fOceanographie et de biogüochimie, C.O.M, Antenne de Toulon, BP 
330,83507 La Seyne-sur-mer 
cmillot@ifremer.fr 
(3) UniversitÜ de Paris 6, Laboratoire d'Oceanographie Dynamique et climatologie, 
4 place Jussieu, 752S2 Paris, mortier@lodyc.jussieu.fr 

The Gulf of Lions can be considered as a complex region where several intense and 
highly variable hydrodynamic phenomena interact (Millot,1990). The objective of the 
present study is to investigate by the mean of a numerical model the influence of the 
Northern Current(N.C)on the hydrological and current regimes of the Gulf of Lions 
during summer period and to analyse the sensitivity of the circulation to the temporal 
variability of the open boundary conditions and atmospheric forcing. The model of the 
Gulf of Lions is embedded in a passive way in the general circulation model of the 
western Mediterranean Sea. The circulation and hydrology of the surface layers are 
seen to be quite sensitive to the temporal variability of the open boundary conditions 
and wind forcing. Embedding the Gulf of Lions model in the low resolution General 
Circulation Model allows for a better resolution of the mesoscale activity inside the 
Gulf : the behaviour of the NC is described in a more realistic way. The influence of 
the NC on the temperature evolution in the upper layer deserves interest. The northern 
areas are directly submitted to the heat supply by the NC whereas the downwelling 
area delivers heat to the open sea. The influence of the NC current can be seen as a 
flux of heat crossing from East to West the Gulf of Lions, strongly influenced by the 
coastal upwelling system which is not resolved by the coarse resolution model. 

A POINTWISE ENERGY DIAGNOSTIC SCHEME FOR 
MULTILAYER, NONISOPYCNIC, PRIMITIVE EQUATION OCEAN 
MODELS 

L£Rüe4(l,2) 
(1) Norwegian Meteorological Institute, (2) University of Oslo, Inst. of Geophysics 
larspetter.roed@dnmi.no/Fax: +47-22-963 050 

Considered is the development of a pointwise energy diagnostic scheme for a 
multilayer, nonisopycnic, primitive equation ocean model whereby the various 
instability processes responsible for the highly nonlinear observed and modeled 
mesoscale flow structures commonly found in oceanic frontal areas may be 
discriminated. 

The model considered consists of an arbitrary number of layers, and may be of finite 
depth or of the reduced gravity type. The concept of available gravitational energy 
replaces the conventional potential energy. Both conservative and nonconservative 
processes are considered. 

Four basic instability processes are supported by the model: barotropic (horizontal 
shear), vertical shear, frontal and conventional baroclinic instability. While mean 
kinetic energy may be converted directly (by barotropic instability) and indirectly 
(via vertical shear) into eddy kinetic energy, there is no pathway by which mean 
potential energy can be directly converted into eddy kinetic energy. All such 
conversions must be routed through the eddy potential energy via frontal and/or 
conventional baroclinic instability processes. The scheme suggests that only 
barotropic and vertical shear instabilities are supported by a conventional multilayer 
reduced gravity model with constant density within layers. 

MESOSCALE ANALYSIS IN THE ALBORAN SEA: 
THE IMPACT OF A RELOCATION PROCEDURE 
TO OBTAIN PSEUDO-SYNOPTIC DATA 

M. Rixen and J.-M. Beckers 
GHER, B5, Institut de physique, Sart Tilman, University de Liege, 4000 Liege, 
Belgium. 
M.Rixen«ulg.ac.be/Fax: [32] 4 366 23 55 

In the scope of the OMEGA project, cruises performed in the Alboran Sea 
are used to test the Omega-equation to compute vertical velocities based on 
synoptic hydrographic measurements. A previous study showed the need to 
relocate the data when the sampling of the cruise is sub-critical compared to 
the variability in time and space found in the Alboran Sea. Indeed, a change 
(i.e. relocation) in the position of the data may modify the analysis of the T/S 
fields and furthermore the vertical velocities. 
To obtain pseudo-synoptic data at a given moment, we integrate a lagrangian 
motion equation to a 'mean sampling time', using geostrophic velocities. By 
means of a 3D PE model, this hypothesis was shown to be correct enough to 
increase the correlation on 'real' vertical velocities from 30% to 80%. 
This algorithm is now applied to the fine scale OMEGA surveys in order to 
assess the impact of the vertical resolution of the analysis, the topography 
and the relocation on the vertical velocity fields. Furthermore, the relocation 
is validated against satellite thermal imagery. 

EVIDENCE FOR THE INFLUENCE OF ATLANTIC-IONIAN 
STREAM FLUCTUATIONS ON THE TIDALLY INDUCED 
INTERNAL DYNAMICS IN THE STRAIT OF MESSINA 
A. Rubino'. P. Brandt1, D. Quadfasel', W. Alpers1, J. Sellschopp', and H.-V. Fiekas3 

'Institut für Meereskunde, Universität Hamburg, Hamburg, Germany 
'SACLANT Undersea Research Centre, La Spezia, Italy 
'Forschungsanstalt  der  Bundeswehr  für  Wasserschall-   und  Geophysik,   Kiel, 
Germany 

On October 24 and 25, 1995, oceanographic measurements were carried out in the 
Strait of Messina by using a towed CTD (conductivity, temperature, depth) chain and 
a vessel mounted ADCP (acoustic Doppler current profiler). During these 
measurements an anomalous tidally induced internal wave field was observed in the 
Strait of Messina. In contrast to the climatological density distribution, the surface 
water of the Tyrrhenian Sea north of the strait's sill was found to be heavier on these 
days than the surface water of the Ionian Sea south of the strait's sill. As a 
consequence, while during northward tidal flow surface water of the Ionian Sea 
spread as a surface jet into the Tyrrhenian Sea, during southward tidal flow heavier 
surface water of the Tyrrhenian Sea spread, after having sunk to a depth of about 
100 m, as a subsurface jet into the Ionian Sea. Both jets had the form of an internal 
bore, which finally developed into trains of internal solitary waves. Contrary to the 
usual situation, their amplitudes were larger north than south of the strait's sill. This 
anomalous tidally induced internal dynamics can be related to an anomalous path of 
the Atlantic-Ionian Stream which transported in October 1995 Modified Atlantic 
Water (MAW) into the southern part of the Strait of Messina. 

DO WE  REQUIRE ADIABATIC  DISSIPATION SCHEMES  IN 
EDDY RESOLVING OCEAN MODELS? 

Malcolm J. Roberts (1) and David P. Marshall (2) 
(1) Hadley Centre for Climate Prediction, Meteorological Office, London Road, 
Bracknell, RG12 2SY, United Kingdom, (2) Department of Meteorology, Uni- 
versity of Reading, P.P. Box 243, Reading, RG6 6BB, United Kingdom, 
davidmtaet.reading.ae.uk/Fax: [+44] 118 931 8905 

Use of horizontal diffusion of temperature and salinity in numerical ocean 
models causes spurious diapycnal transfers—the "Veronis effect"—leading to 
erosion of the thermocline and reduced poleward heat transports. Here we de- 
rive a relation between these spurious diapycnal transfers and the dissipation 
of vorticity gradients in an ocean model. Increasing model resolution does not 
significantly reduce the diapycnal transfers, because vorticity gradients cascade 
to smaller scales and must ultimately be dissipated to maintain numerical sta- 
bility. We confirm this result through a series of idealised experiments with a 
primitive-equation ocean model at resolutions between 1" and 1/8". 
We therefore conclude that adiabatic dissipation schemes are required even 
in eddy-resolving ocean models. We propose and implement a new biharmonic 
form of the Gent and McWilliams scheme, which adiabatically dissipates at the 
grid scale while, preserving larger-scale resolved eddies and boundary currents. 

THE ORIGIN, STRUCTURE AND DECAY OF A SUBSURFACE EDDY IN 
THE GREENLAND SEA STUDIED BY IN-SITU MEASUREMENTS AND 
NUMERICAL MODELING 

A. Rubino. S. Wolf. D. Quadfasel, and D. Sein, Institut für Meereskunde, Universität 
Hamburg, Hamburg, Germany 

During May 1996 the hydrographic structure of the Greenland Sea was surveyed 
from aboard RV Valdivia. CTD measurements indicate that, over most of the area, 
the convection during the previous winter was confined to the upper 500 m of the 
water column. However, near 75°N, 0°E/W, an isolated feature with a diameter of 
about 15 km was observed, that showed an extremely homogeneous water column 
between 500 m and 2000 m depth. Potential temperature and salinity were -1.0° C 
and 34.875 and constant within 0.001° C and 0.001, respectively. The analysis of the 
geostrophic currents as calculated from the observed density field indicate an 
anticyclonic rotation of the water column. The origin of this subsurface eddy is 
investigated. The region was free of ice during most of the previous winter season, 
suggesting that thermal convection triggered by strong surface heat fluxes was 
responsible for the generation of the chimney. The collapse and decay of the 
chimney was simulated by means of a numerical multilayer 'frontal' model which, 
due to a technique for the numerical treatment of moveable lateral boundaries, 
allows for the simulation of localized water masses. It is found that these eddies 
persist as coherent structures in the deep ocean for several months. 
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MULTIVARIATE ANALYSIS OF SEASOAR AND ADCP DATA IN THE 
WESTERN ALBORAN SEA: SYNOPTICITY TEST AND SENSITIVITY 
TO REFERENCE LEVEL AND ANALYSIS PARAMETERS 

S. Ruiz (Institute de Ciencias del Mar - CSIC, Barcelona) 
D. Gomis (Dep. Physics, Univ. de les Hies Balears, Palma de Mallorca, Spain) 
M. A. Pedder (Dep. of Meteorology, Univ. of Reading, U. K.) 
J. Font (Instituto de Ciencias del Mar - CSIC, Barcelona) 
J. T. Allen (Southampton Oceanographic Centre, James Renell Division, 
Southampton, UK 

In October 1996 a cruise onboard BIO Hespendes was conducted in the 
Western Alboran Sea as part of the EC OMEGA project (MAS3-CT95- 
0001). A 80x100 Km2 domain was sampled using a SeaSoar and a VM- 
ADCP, resulting in a set of 4.00 m deep profiles separated 4 km 
alongtrack. Three surveys were performed, spending 3 days to complete 
each one. Because in a frontal region derived variables as the vertical 
velocity are expected to be sensible to short time scales, we carried out a 
synoptic test to check whether sampled mesoscale structures changed 
slowly enough during the sampling period as to consider the survey as 
"synoptic". A second test showed that results were very sensible to the 
reference level chosen for geostrophic computations, due to the large 
ageostrophic component of the velocity field in the upper 150 m. Finally, 
the sensitivity of vertical velocities to the analysis parameters was also 
checked. We conclude that a statistical multivariate analysis is a valuable 
tool to infer the 3D motion field from hydrographic and ADCP data. 
Provided the analysis is carried out in an optimal way, vertical velocities 
can be estimated with an accuracy of about 30%. 

LABORATORY STUDY OF THE INTERACTION OF AN UNDERWATER 
CURRENT AND A CAPE 

S. Sadoux, D .Renouard, A. Fincham and J-M Baey 
Laboratoire des Ecoulements Geophysiques et Industrieis/ Coriolis 
dominique.renouard@img.fr 

On the 13 m diameter rotating platform, we studied the interaction of an underwater 
current and a cape. When the upstream condition is a stable current (i.e. in geostrophic 
balance) and whatever be the cape angle (160°, 135°,120°, 90" or 70°), there is only 
the appearance of an anticyclonic vortex, the diameter of which grows linearly with 
time. When the upstream condition is unstable there is lenses production upstream or 
downstream the cape and indeed at the cape itself. For the simulation of the flow 
around Cape St Vincent, we choose the angle at the 1000 m isobath (i.e. 70°) as 
representative of the cape influence upon the Mediterranean intermediate water. Then 
we were able to visualize and measure the flow with great accuracy using the 
Correlation Image Velocimetry technique. From the velocity fields, it is possible to 
compute the vorticity field at various time-steps and see the formation and separation 
of an anticyclonic lense from the cape. This work is a contribution to 
MAST3-CANIGO-CT96-0060. 

DRIFTERS OBSERVATIONS OF A COLD FILAMENT IN THE 
NORTHWEST AFRICA UPWELLING AREA 

P. Sahgrss(l), L. Garcoa-Weil(l), M. Pacheco(l), J.L. Pelegro(l), A. Hernssndez- 
Guerra(l), A.W. Ratsimandresy(l), J.J. Ramorez(l), J.M. CortThetas(l), A. Marrero, 
D. Grisoloa(l), F. Eugenio-Gonzsstez(2) 
(l)Dpto de Fosica. Universidad de Las Palmas de Gran Canada. Spain (2)Dpto de 
Se+/-ales y comunicaciones. Universidad de Las Palmas de G.ran Canada. Spain 
pablo.sangra(fisica.ulpgc.es/Fax:+34-28-452922 

Two Lagrangian drifters were deployed the lasts days of September 1997 during the 
Filament Cruise as a part of the CANIGO project These observations are used to 
describe the two-dimensional structure of the surface flow in the Cape Ghir area where 
a cold water filament is usually observed. The first buoy (03513) was released next to 
the coast at position 30.995 N 10.167 W on September 28, and the other one (03510) 
was deployed one day after at position 31.186 N 11.076 W. The drifters positions 
were obtained via service Argos at an average of six times per day. The data 
transmission from drifter 03513 was stopped on November 9 and drifter 03510 on 
December 4. Drifter tracks are compared with coincident sea surface temperature 
(SST) images and wind data in order to observe the relationships between cold surface 
features, surface motions and meteorological conditions. 

DISCRIMINATION OF INSTABILITIES ON THE FRONT BETWEEN THE 
NORWEGIAN ATLANTIC CURRENT AND THE NORWEGIAN COAST- 
AL CURRENT 

2LÜM(l)L.P.R0ed(l,2) 
(1) Norwegian Meteorological Institute, (2) University of Oslo, Institute of Geo- 
physics. 
x.shi@dnmi.no/Fax: +47-22-963 050 

Mesoscale variability in the Norwegian coastal current (NCC) has been documented 
in a sequence of NOAA satellite images and can also be reproduced in numerical 
models provided the resolution is fine enough to resolve the horizontal density front 
between the NCC and the Atlantic water (AW). The model employed is a primitive 
equation, multilayer, non-isopyenic model. A density front with a varying mixed lay- 
er depth consistent with observations is given as initial conditions. The model results 
indicate that the instabilities in the NCC result in the formation of meanders and ed- 
dies with wavelengths of 50-100 km and northward propagation speeds of 10-20 cm/ 
s. 
An energy analysis scheme is applied to discriminate the various competing process- 
es. The energy is first partitioned into kinetic and potential energy and then into com- 
ponents associated with the mean and the fluctuating motion, respectively. The 
conversion terms between them are identified as frontal instability, mixed frontal- 
conventional baroclinic instability, barotropic instability and Kelvin-Helmholtz in- 
stability processes. The energy analysis reveals that the mesoscale features are main- 
tained by baroclinic instability processes, specifically the frontal instability, while 
the barotropic instability associated with velocity shear between the southward AW 
over the western slope and northward NCC along the coast plays a minor rule. 

A DYNAMIC METHOD FOR HORIZONTAL DISTRIBUTIONS OF 
SEA WATER PROPERTIES 

JordiSalat(l) 
(1) Institut de Ciencies del Mar (CSIC). Barcelona. 
salat©icm.csic.es/Fax: +34-3-221-7340 

The horizontal distribution of a sea water property, such as temperature, 
salinity, density, etc, in a region has been usually represented by contour 
maps. They are obtained by intrpolating in situ measurements at certain 
points over all the region. Contour fines can be defined as boundary lines of 
the areas in which the values are lower (or higher) than a fixed reference 
value. It is assumed that the values at observation points are exact and the 
interpolated values have an error which increases with the distance to the 
closest observation. . 
Satellite pictures show the "real" shape of sea surface distributions of 
variables such as temperature. These shapes also suggest the behaviour of the 
water motions. A comparison between satellite images and contour maps 
obtained with in situ measurements are used to calibrate the satellite images 
but shapes usually did not match because interpolation methods do not take 
into account water motions. 
The dynamic method proposed an alternative interpolation method for 
horizontal distributions that takes into account the geostrophic component of 
the water motion, which in most cases is highly significative. It can be applied 
with data of most oceanographic cruises, based on CTD (Conductivity, 
Temperature, Depth) measurements at fixed stations. The method is 
illustrated with some examples which show that shapes of the contour lines 
produced are in a good degree of agreement with the satellite images. 

ABOUT THE FORMATION OF MESOSCALE STRUCTURES ON THE 
BRAZIL CURRENT CONFLUENCE 

V.A.Severova, and D.N. Severov 
Facultad de Ciencias, Universidad de la Republica, Uruguay 
E-mail: seva@fcien.edu.uy dima@fcien.edu.uy 

The mechanisms of low salinity water discharge from the RYo de la Plata to shelf and 
from the shelf water to the open ocean are studied in the Brazil Malvinas (Falkland) 
Confluence Zone (BMC). Atmospheric perturbations and fundamentally the wind 
fields, and the eddy formations are components of these mechanisms. Anticyclonic 
eddies and meanders in the Brazil part of the Confluence has been described 
(Legeckis, Gordon, 1979). This paper deals with the possibility that the passage of 
atmospheric fronts and the associated wind field perturbations influence on cyclonic 
eddy formation in the Malvinas part of the Confluence. Apparition of cyclonic eddies 
in the Malvinas part of the BMC, jointly with the existence of anticyclonic eddies in 
the Brazil part of the BMC must be accompanied by rude increase of the surface 
current velocities and also, by the formation of eddy systems with ?fungous? structure. 
These fungous eddy systems have been analysed by satellite data (Fedorov,1988). This 
paper supposes that the fungous eddies are forced by the atmospheric processes, which 
are better expressed during the transitory seasons of the year arid in Winter. These 
eddy systems can contribute to the increase of Subantarctic water advection, 
transportation the Malvinas current to North, and to the increase of the discharge of 
low salinity water from shelf to the open ocean. The trajectories of the low salinity 
water discharge which lie on the ocean fronts serve as an indicator for Satellite data 
decodification for BMC zone, fishery conditions variability, and for the study of the 
fitoplankton redistribution in this area. To asses on the phenomenology of eddy 
formation, a synoptic approach was employed. 
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REPRESENTING THE EDDY FIELD IN A HIGH RESOLUTION 
MODEL OF THE IRMINGER SEA 

Sören Stutzer (Institut für Meereskunde, Düsternbrooker Weg 20,24105 Kiel, 
Germany, contact: sstutzer@ifm.uni-kiel.de) 

One source contribution to the North Atlantic Deep Water is the Denmark 
Strait Overflow Water (DSOW) which crosses the Denmark Strait as a bottom 
current. Earlier observations and numerical studies of the overflow area revealed 
cyclonic eddies with length scales of tens of kilometers or less in the vicinity 
of the overflow region. These eddies were identified as the surface signal of the 
deep water flow along and downslope the topography. While the interaction of 
the cyclones and their anticyclonic counterparts with the deep water overflow 
is hot yet fully resolved, the representation or parameterization of these eddies 
in numerical models will be of crucial importance for understanding the over- 
flow process in three dimensional circulation models. In this1 presentation, first 
results from a high resolution, z-coordinate model of an iidtalized basin with 
rough characteristics of the Irminger Sea are shown. The nicJael features both, 
cyclones and anticyclones. Nevertheless, because the grid scaie is greater than 
the baroclinic Rossby Radius, the model does not completely resolve the ed- 
dies. Thus the eddy properties depend on the subgridscale parameterizations. 
The effects of different mixing approaches on the dynamics of the eddies are 
discussed. 

The interactive relation of water column structure and mesoscale circulation in 
the Cretan Sea during the last decade. 

V. Zervakis, K. Nittis, A. Theocharis and D. Georgopoulos 
National Centre for Marine Research, Aghios Kosmas, Hellinikon 

The Cretan Sea (S. Aegean) has undergone dramatic changes in the last decade; the 
most significant development has been the gradual filling of the deep part of the basin 
with very dense (reaching 29.4), salty (S up to 39.1) water, the so-called Cretan Deep 
Water, that eventually overflowed through the sills of the Cretan Arc Straits and 
replaced waters of Adriatic origin at the deep and bottom layers of the Eastern 
Mediterranean. This massive outflow was balanced by the enhanced intrusion of older 
waters from the Eastern Mediterranean. The latter, less saline and cooler waters 
occupied the intermediate layers (200-500 m) of the Cretan Sea. The modified 
structure of the water column significantly changed the internal Rossby radius of 
deformation and its seasonal variability. Since the beginning of the last decade, the 
mesoscale circulation of the Cretan Sea also exhibits a profound stability, not 
characteristic of the region in the eighties: three eddies, two cyclones and one 
anticyclone have been the dominant circulation elements for the last five years. This 
work proposes that the stability of the mesoscale circulation is directly related to the 
observed changes of the water column; furthermore, we examine the possibility of a 
positive feedback mechanism that would enhance both formation and stability of the 
mesoscale eddies in the region. 

DIRECT OBSERVATIONS OF LOW FREQUENCY FLUCTUA- 
TIONS IN THE DEEP EQUATORIAL ATLANTIC 

V. Thierry, H. Mercier and A.M. Treguier 
Laboratoire de Physique des Oceans, CNRS/IFREMER/UBO,  Plouzane, 
France. 
vt&ierryOifremer.fr 

Low frequency current fluctuations in the deep central equatorial Atlantic are 
studied using two year long current meter measurements recorded from Novem- 
ber 1992 to November 1994. Current meter moorings were located at about 15° 
W of longitude and at 1° of latitude on both sides of the equator. The five sam- 
pling depths varied between 1700 and 3950 m. 
Spectral analysis of the current meter records gives evidence of energetic annual 
and semi-annual variability for both east u and north v velocity components 
from 1700 m up to .3950 m depth. The sum of the annual and semi-annual 
oscillation amplitudes are about 10 cm s"1 for u but less than 5 cm s"1 for 
v at 1700m. In addition, the meridional component has energy in a spectral 
band centered on 40 days"1. Long baroclinic Rossby waves can explain the 
low frequency signal (variability at higher frequency is probably due to Yana'i 
waves). Projection of the current data on the first five baroclinic vertical modes 
shows that the first mode is not prevailing compare to the others. The fitting of 
a sum of Rossby waves to the data moreover proves that odd meridional modes 
are dominant in the signal. Results from a Primitive Equation numerical model 
are used for comparison with in situ data. 

OA5 Open session on coastal/shelf-sea dynamics 

Convener: Lehmann, A. 
Co-Convener: Shapiro, G.I. 

COASTAL UPWELLING AS INDICATOR OF ATMOSPHERIC PROCESSES 

V.S.Arkhipkin (1), L.E.Ametistova (1) 
(I) Department of Oceanology, Moscow State University arkhip@ocean.geogr.msu.su, 
stud@ocean.geogr.msu.su 

The study of long-term variability of oceanographic characteristics of the World 
Ocean is worth to carry out in the regions sensitive the most to ocean:atmosphere 
interaction, for instance in the regions of seasonal and all-the-year-round upwelling. 
The Caspian sea is the most convenient object for such a study for the absence of 
connection with the World ocean allows to exclude circulation factors influencing 
processes in the Caspian sea and to look for cause of long-term fluctuations in 
atmospheric processes. The analysis of long-term variability of monthly averaged sea 
surface temperature (SST) for the summer period was carried out after the coastal 
observation data from 1941 till 1990 for 3 regions of the Caspian sea: with seasonal 
upwelling, with episodic upwelling and without evident upwelling. The results of 
analysis showed that long-term variability is expressed the most only in the area of 
seasonal coastal upwelling, i.e. at the eastern coast of the Middle Caspian basin. It was 
displayed that during last 50 years upwelling in this area strengthens that was reflected 
in decrease of monthly averaged SST for August unlike other regions where opposite 
tendency is observed. Upwelling enhancing is most likely connected with the 
intensification of the alongshore southern wind. Such intensification of the alongshore 
wind near California, Peru and other regions was mentioned in the work [Bakun, 
1990). Spectral analysis of monthly averaged SST for August revealed fluctuations 
with the periods of 2-3,4-5 and 10-12 years at that the intensity of these fluctuations 
in the region of seasonal upwelling is several times larger than in other regions. 
Similar periods are found out in large-scale circulation system of the North Atlantic. • 
All statements proposed above allow to put forward a hypothesis about the reason for 
distinct long-term SST fluctuations as the result of strong sea response in the area of 
seasonal upwelling to large-scale atmospheric processes. 
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LONG TERM PHYSICAL VARIATIONS OF WATERS IN A 
DEEP BASIN OF THE AEGEAN SEA (Saronikos Gulf, 
GREECE). 

S. Barbetseas and E. Papageorgiou 
Institute of Oceanography, National Centre for Marine 
Research, Aghios Kosmas, 166 04 Hellinikon, Athens.Greece / 
Fax: 9833095 

Data from 37 Oceanographic Cruises collected during the last 
10 years (1987-1996) in the Saronikos Gulf, by the National 
Centre for Marine Research, are evaluated. The existing five 
water masses are examined; the Elefsis Bay, the Inner, Central, 
and Outer Gulfs and the Western Basin. The transeasonal 
Physical variations in the deep water of the Western Basin of 
the Gulf, verify the existence of the almost stagnant water 
below the depth of about 200m, with a temperature of about 
13.20°C and salinity around 38.95psu. Moreover, it seems that 
the water of slightly lower salinity entering from the open 
Aegean Sea might disrupt the general tendency of increased 
salinity with depth, at some depth intervals. 

FAR FIELD OF INTERNAL GRAVITY WAVES IN A STRATIFIED OCEAN OF 
VARIABLE DEPTH 
V.V.BuIatov, Y.V.Vladimirov (Institute for Problems in Mechanics Russian 
Academy of Sciences, Pr.Vernadskogo 101,117526 Moscow, Russia) 

Theoretical research of the problems associated with propagation of internal gravity 
waves in a stratified ocean requires account for the slope of the ocean bottom. The 
propagation of internal gravity waves is analyzed in a layer of arbitrary stratified 
water of variable depth. The exact analytical solution of this problem using 
separation of variables is possible only, when the profiles of density and the bottom 
topography are specified by simple model functions. If the ocean depth changes 
slowly compared with internal wave length, which is typical to the ocean, it is 
possible to use the modified method of the geometrical optics: "vertical modes - 
horizontal rays". A uniform asymptotics of the far fie!d":pf internal waves is 
constructed for the motion of a point source of mass in a arbitrary stratified fluid 
with slowly varying bottom. The obtained solutions describe thfe far field both in the 
close vicinity of wave fronts for each separate mode and far from wave fronts. These 
solutions present the expansion in terms of special waves, Airy or Frenel waves, 
whose argument is determined from die solution of the corresponding eikonal 
equation. The amplitude of the wave field is determined from the law of energy 
conservation along the ray tube. The peculiarities of the phase structure of the wave 
field are analyzed for real distributions of the stratification and forms of bottom 
topography both numerically and analytically. Analysis of spatial blocking effects 
for individual wave fields components is performed as an example. This research 
was supported by Russian Foundation of Basic Researchers, Grant 96-01-01120. 

INTERNAL WAVES IN GULF OF RIGA: OBSERVATIONS AND LINK 
WITH MODEL OF VERTICAL TS STRUCTURE 

V. BerzinS f IV U. Bethers (2). J.Sennikovs (21 
(1) Latvian Fisheries Research Institute, (2) Laboratory for Mathematical Modelling 
of Environmental and Technological Processes, University of Latvia. 
jsenniko@com.latnet.lv/Fax: +371-7615711 

Definitive two-layer stratification exists in the Gulf of Riga during April-November 
allowing formation and propagation of internal waves on the interface. 
Several series of continuous (up to 2-days long) temperature and salinity 
measurements at the depth of pycnocline were performed in the Gulf by a CTD 
sound with time resolution 15 seconds. Simultaneous vertical TS profiling have 
been carried out. 
Amplitude and main frequencies of oscillations on the interface have been 
determined. The trains of short-period (2-4 min.) internal waves as well as internal 
seiches with period of approximately 12 hours have been resolved. Determined 
period of internal seiches is in agreement with that calculated from basin geometry 
while period of short waves corresponds to that obtained from local Brunt-Väisälä 
frequency. 
Model of vertical TS structure has been applied for the measurement periods. 
Meteorological data of high time resolution including in-situ measurements has been 
used for model forcing. Model results give the overall trend of the depth of 
pycnocline simplifying removal of this trend from the measurement data and 
resolving of the periodic internal oscillations. 

High-resolution observations of currents and hydrography in the Kattegat. 

Uif CederM, Bengt Liljebladh and Johan Rodhe. (Department of 
Oceanography, G+teborg University, S-413 81 G+teborg Sweden) 

The Kattegat is a part of the transition region between the low-saline Baltic Sea and 
the North Sea, dominated by water of oceanic origin. The mixing between the 
low-saline surface water and the high-saline deep water in the Kattegat is of great 
importance for the salinity of the deep water entering the Baltic and thus a key process 
in the modelling of the Baltic sea. The topography of the northern Kattegat is 
characterised by a deep channel (80 -100) in which there are several elongated deep 
holes down to more than 140 m. The interaction between the stratified flow and these 
topographic features can b e expected to be of importance for the deep water mixing. 
To study this, the velocity and the density fields have been investigated with high 
spatial and time resolution at the site of a smal-scale depth in the northern Kattegat 
(the Alkor Tiefe). The horizontal scale is of the order 1 km and the depth is 140 m, 
compared to about 80 m which is found in the surroundings. Two field experiments 
were performed, one during a period with weak stratification and one during a period 
with a strong two-layer stratification (the usual case in the Kattegat). Each observation 
was carried during about 4 days with the use of 4 bottom mounted profiling Doppler 
current meters recording at 5 minutes intervals.and with a vertical resolution of 4 m. 
The ship was continuously surveying the area by means of ship-bom ADCP and CTD 
casts. Analyses of the velocity and density fields indicate a strong interaction with 
topography on the scale of the deep hole forming baroclinic tides and other 
phenomena. This interaction is explained using simple analytical arguments. 

SHOALING OF INTERNAL SOLITARY WAVES ON THE 
MALAY SHELF IN THE ANDAMAN SEA 
P. Brandt». A. Rubino*. W. Alpers*. and L. Hockt 
•Institut für Meereskunde, Universität Hamburg, Hamburg, Germany 
fCentre for Remote Imaging, Sensing & Processing, The National University of 
Singapore, Singapore 
Synthetic aperture radar (SAR) images acquired by the European Remote Sensing 
satellites (ERS 1/2) over the southern Andaman Sea have been analyzed to 
investigate tidally induced internal waves in the area. Over the deeper part of this 
oceanic region, surface manifestations of groups of rank-ordered, large-amplitude 
internal solitary waves are observed on SAR images, which, generated at shallow 
banks in the western part of the Andaman Sea, propagate eastward towardthe Malay 
peninsula. On the contrary, SAR images acquired over the shelf of the Malay 
peninsula often show sea surface manifestations of groups of shorter, irregular 
internal waves. Their fronts are visible on SAR images either as dark or bright lines, 
suggesting that the leading waves consist of elevations or depressions of the 
undisturbed pycnoclines, respectively. The effects of stratification and water depth 
on the evolution of shoaling internal solitary waves are studied by using weakly non- 
hydrostatic, numerical two and three layer models. Numerical simulations carried out 
by assuming different stratifications indicate that in a two layer ocean where, over 
the shelf, the upper layer is thicker than the bottom layer, a shoaling internal solitary 
wave of depression evolves, after disintegrating into a group of dispersive waves at 
the shelf break, into solitary waves of elevation. On the other hand, in a three layer 
ocean characterized by the presence of an additional pycnocline close to the sea 
surface, solitary waves of depression can also evolve over the shelf, depending on 
the specific stratification of the water column. 

EFFECTS OF THE BOTTOM BOUNDARY LAYER ON THE 
VERTICAL STRUCTURE OF CURRENTS IN THE NORTHERN 
ADRIATIC 

C. Cesarinl and N. Pinardi 
IMGA-CNR, Via Gobetti 101, 40129, Bologna(BO), Italy. 
claudiaCimga.bo.cnr.it/Fax: [39] 51 6398132 

A 2 dimensional Princeton Ocean Model version has been used in a section 
of the middle Adriatic Sea to study the bottom boundary layer influence on 
currents. The hypothesis is that the bottom stress partially drives the longitu- 
dinal gradients of isopycnals across the Adriatic Se^i section, especially in the 
winter-spring transition. This mechanism is lmowit;as pressure compensation 
effect and is the result of coupling the baroclinicity of the flow field with the 
bottom stress. 
We prove that the pressure compensation effect is at work in the Adriatic and 
it results in the strengthening of the cyclonic circulation in the basin under 
certain circumstances. '.,.< 
The effect of the bottom boundary layer parameterization, such as roughness 
length, has been studied through sensitivity experiments. 
It is found that for a realistic parameter range (1-5 cm) the bottom stress 
effects are the same, but the time scale of the flow adjustment changes. In 
conclusion we show that the bottom stress acts as one of the essential forcing 
of the vertical structure of the currents in the Adriatic basin. 
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OBSERVATION AND MODELISATION OF VORTEX 
FORMATION IN THE CASE OF THE INTERACTION 
OF THE MEDITERRANEAN OUTFLOW WITH SUBMARINE 
CANYON 

L. Chcrubin (SHOM/CMO, Brest, France) 
D.G. Dritscbe! (DAMTP, Cambridge, UK) 
Y.G. Morel and X.J. Carton (SHOM/CMO, Brest, France) 

The SEMANE'97 experiment at aea was conducted to determine the forma- 
tion aites of the Mediterranean Eddies on the Iberian shelf, from the canyon 
of Portimao to the west of Tagus Plateau. Its hydrological and currentmeter 
data was processed and studied to assess the influence of bottom topography 
on flow stability and vortex formation. Strong unstable events were observed 
such as several meanders aligned along the off-shore edge of the lower core of 
the Mediterranean Outflow downstream off the Portimao canyon. At the same 
time, north of St Vincent Cape, coherent* structures were in formation. 
It shown that bottom topography has an essential influence first at destabilizing 
the Mediterranean water undercurrents, then in shedding eddies and filaments. 
Eddies produced over canyons are the result of a mixed.barotropic and baro- 
clinic instability steered by the canyon. A cause for th# vertically phase-shifted 
meanders to appear on the vein should be searched in potential vorticity rever- 
sals what we have already shown with SEMANE'95 data. 
A simple stratified quasi-geostrophic model is used to highlight these processes 
and to quantify their sensitivity to changes in the physical parameters. First an 
analytical study of the stability of the modelled flow is done to check if the flow 
is naturally stable and then, only the stable configurations are numerically pro- 
cessed. With the Contour Advective Semi-Lagrangian Contour Surgery model 
of David Dritachel, the interaction of an along-shore current with a transverse 
canyon is analysed. Therefore we can determine the physical parameters that 
lead to the formation of a vortex over a submarine canyon. Perturbations (sta- 
tionnary waves with alternative or in-phase oscillations of each core, widening 
or narrowing, meandering with or without vortex expulsion) are sorted in pa- 
rameter's spaces (width and speed of the undercurrents, stratification, canyon 
geometry). 

SURFACE HEAT AND WATER FLUXES MEASUREMENTS 

Branka Grbec, Vlado Dadic and Mira Morovic 
Institute of oceanography and fisheries 

e-mail: grbec@jadran.izor.hr 

Continous measurements of atmospheric radiation, net longwave flux through the 
air-sea interlace, sea surface temperature and meteorological parameters started in 
December, 1997. Aandera sensors for global and net radiation and for other 
parameters were mounted on a platform over the sea at the coastal station Split- 
Marjan cape. 
First results obtained from one month of measurements were used to describe 
distribution in time of relevant bulk variables and to calculate surface heat and 
water fluxes, using bulk parametrisation formulae. 
Heat and water fluxes calculated from bulk formulae were compared to the 
measured fluxes and results were discussed. 

EARLY RESULTS FROM A 3-D PRIMITIVE EQUATION 
MODEL APPLIED TO THE BALTIC AND THE NORTH 
SEA 

Kristofer Döös (1), Jonas Nycander (2), Andrew Coward (3) 
(1) Meteorologiska Institutionen Stockholms Universität, S-10691 
Stockholm, Sweden, (2) FOA, S-17290 Stockholm, Sweden, (3) 
Southampton Oceanography Centre, European Way, Southampton, 
S014 3ZH, U.K. 
Email: doos@misu.su.se / Fax: +46-8-157956 

A three dimensional primitive equation model based on the Cox- 
Bryan model is set up in the region of the Baltic and the North Sea. 
The model is run on a 216 processor CRAY T3E. The model 
development is mainly done within the Swedish Regional Climate 
Modelling Programme (SweCIim) and will be coupled with a 
regional atmospheric model in the near future. 

HYDROGRAPHY OF THE PECHORA SEA, THE SOUTHEASTERN 
BARENTS SEA 

Lara Gronhind*). Leonid Kuznetsov*), Nikolai Druzhkov^) 

1) Finnish Institute of Marine Resaerch, PO Box 33.FIN-O0931 Helsinki, 
FinlandFax 358-9-61394494E-mail Lasse.Gronlund9Fimr.Fi 
2) Murmansk Marine Biological Instituteof Kola Science Centre of Russian 
Academy of Sciencesl7 Vladimirskaya id. 182023 Murmansk, Russia 

Abstract 

The Pechora Sea, is one of the areas of the Barents Sea characterized by the widest 
amplitudes of many parameters, such as salinity, temperatures of both water and 
air. During wintertime, dense water is formed over the Pechora Sea and it is almost 
every year ice-covered. 
In the Pechora Sea different water masses mix and undergo gradual 
transformations. These water masses are: (1) the strongly diluted water of the 
White Sea and Pechora Currents; (2) the much more saline and warm Atlantic 
water of the Kanin and Kolguev-Pechora Currents', (3) the Barents Sea water from 
the north, (4) the cold water from the Kara Sea, and (5) the melt water from ice and 
riverine discharge. All these different water masses meet in the Pechora Sea and 
hence makes it hydrographically very intresting. 

ANALYSIS OF THE BLACK SEA LEVEL OSCILLATIONS IN 
THE DIFFERENT PLACES OF THE NORTHERN PART OF THE 
COAST 

Yu. N. Goryachkin (1), V. A. Ivanov (1) and Yu. A. Stepanyants (2) 
(1) Marine Hydrophysical Institute of the Ukrainian National Academy of Sci- 
ences, Sebastopol, Ukraina, (2) NNTU k Institute of Applied Physics of the 
Russian Academy of Science, Nizhny Novgorod, Russia. 

Statistical analysis of the long period (more then 100 hundred years) daily 
observations of surface-level oscillations in the different places (47 stations) of 
the Northern part of the Black Sea coast is presented. By means of a standard 
statistical processing of time-series data it was discovered that practically in 
the all places (except a few of them) the general trend of the sea level takes 
place. This trend is directed to the enlarging of the mean sea level (about 
several millimeter per year). The sea level oscillations with respect to the mean 
level demonstrate Gaussian distribution on amplitude. The characteristics of 
this^distribution (dispersion, maximum deviation, etc.) are evaluated for the 
different places of the Black Sea Northern coast. 

3D LINEAR ANALYTICAL MODEL OF INTERNAL TIDE 
GENERATION ON COASTAL MARGINS 

K. Guizien (1), M. Inall (2) and E. Barthelemy (1) 
(1) LEGI BP53 38041 Grenoble CEDEX 9 France, (2) Unit for Coastal and 
Estuarines Studies University of Wales Bangor . 

The internal tide on coastal margins is known to be the main generation mech- 
anism of non linear internal waves such as solitary waves. This knowledge is 
important because of the internal mixing induced. Thus, the internal tide has 
to be predicted with sufficient accuracy to be introduced as an initial condition 
in non-linear evolution wave models. In this paper, we present a three dimen- 
sionnal linear wave model of internal tide generation due to the interaction 
of the barotropic tide with both the shelf bathymetry (represented by a step) 
and the stratification (assumed to be a two-layer). Earth rotation is taken into 
account and the coast is supposed to be a perfect absorber (no reflection). 
The new feature in this model compared to previous ones is the influence of 
the incidence angle of the barotropic tide. The model is compared with mea- 
surements collected during summer 1996 on the Malin Shelf within LOIS/SES 
experiment. Results show that the angle of incidence of the M2 barotropic tide 
is of great importance. On the Malin Shelf, this angle is about 80° from the 
normal to the shelf break. Considering this angle, the predicted M2 internal 
tide amplitude and wavelength are in good agreement with the measurements 
whereas neglecting it, the predicted amplitude would be twice that observed. 
This study is supported by the British Council and the E.C. under MAST III 
project MORSE (N° MAS3-CT95-0027 DG12 ESCY). 
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THE RHINE OUTFLOW STUDIED BY ERS1/2 SAR IMAGERY AND 
NUMERICAL SIMULATIONS 

K, Hessner. A. Rubino, and W. Alpers 
Institut für Meereskunde, Universität Hamburg, Troplowitzstr. 7,22529 Hamburg, 
Germany, E-mail: hessner@ifm.uni-hamburg.de 

Radar signatures of the Rhine plume front visible on synthetic aperture radar (SAR) 
images acquired by the First and Second European Remote Sensing Satellite 
(ERS1/2) over the Rhine outflow region, in the southern North Sea, are analyzed. It 
is found that form and location of the freshwater plume fronts, which can be 
identified in the SAR images as curved lines of enhanced radar backscatter, mainly 
depend on the phase of the semi-diurnal tide, on the neap-spring tidal cycle and on 
the mean Rhine discharge. 
The frontal structures of the Rhine plume visible on the ERS1/2 SAR images are 
compared with results from numerical simulations carried out by using a new two 
layer 'frontal' numerical model. The model is forced by imposing tidal and residual 
transport as well as mean river discharge at the open boundaries. Numerical 
simulations are carried out with different tidal current velocities, residual current 
velocities and mean river discharges. The results of the simulations show that, due to 
the interaction with the semi-diurnal tide, the Rhine outflow pulsates. This pulsation 
is responsible for the generation of freshwater plumes at the Rhine mouth. Form and 
location of the outflow fronts associated with the wer plume are mainly determined 
by the phase of the semi-diurnal tide. The area which is enclosed by the outflow front 
is mainly linked to the magnitude of the tidal current and to the mean river discharge. 

THE RELATION BETWEEN COASTAL SEA LEVEL AND SLOPE 
CURRENTS 

B. O. Johannessen and T. A. McClimans 
SINTEF Civil and Environmental Engineering, N-7034 Trondheim, Norway 
bjom.olaf.johannessen@civii.sintef.no/Fax: +47 73592376 

The inflow of Atlantic Water to the Nordic Seas has a significant effect on the coastal 
sea level in Norway and other northern European countries. Or is it the opposite? The 
geostrophic balance for low frequency (5-day periods or more) has been demonstrated 
using coastal sea level observations corrected for air pressure and coastal sterjc 
heights. The latter includes the long-term effects of regional-winds on the 
displacements of buoyant coastal water. Current measurements are taken along the 
slope near the location where the maximum current is stabilized by the sloping bottom; 
There is nearly a linear correlation. Maximum currents are estimated to within an 
accuracy of 10%, and agree well with the stability limits imposed by potential vorticity 
dynamics on the bottom slope. The methods used need an accuracy of about 2 cm in 
amplitude and hourly in time (for accurate integration), and lie beyond the present 
capability of satellite altimetry. The noise in the observations is on the order of 5 cm, 
due to physical processes that are not taken into account in the simple geostrophic 
balances, and the limited time resolution of the coastal hydrography. The data show 
that the coastal sea level rises before the slope current is developed. The phase lags 
imply that the flow is generated across and along the shelf like a kinematic wave, as 
the inflow of Atlantic Water builds up the slope jets across the topography. We 
conclude that the sea level fluctuations in the North Atlantic are important for the 
dynamics of the currents over the entire northern European shelf. 

CONVECTION OVER A CONTINENTAL SHELF AND SLOPE 

P. Jacobs and G.N. Ivev 
Centre for Water Research,'University of Western Australia, Nedlands, 
Perth, WA 6907, Australia' 
jacobsp@cwr.uwa.edu.au / FAX +61 8 9380 1015 

A series of laboratory experiments was conducted to simulate the effects of 
cooling or brine rejection on the surface of a coastal ocean in the presence 
of rotation. Heat loss at the ocean surface was modelled by heating from 
below with a buoyancy flux applied to a circular portion of the base of a 
cylindrical tank, rotating around the vertical axis. The working volume was 
closed by an inverted model of a shelf and slope topography. 
After the start of the buoyancy forcing, the average temperature in the 
actively convecting region initially increases linearly with time, but slows 
down once a lateral heat flux is generated by baroclinic instability at the edge 
of the convecting region. Due to the presence of the sloping bottom, the 
baroclinic eddies do not move away from the shelf break, but precess 
anticyclonically along the slope. A steady state is eventually reached when 
the lateral heat flux balances the (vertical) heat flux due to the forcing. The 
results differ from previous work in either unbounded or constant depth 
environments. It is shown that the steady state density anomaly, the time to 
reach this steady state as well as the eddy velocity, characterising the lateral 
exchange process, are all a function of the strength of the background 
rotation. These results are consistent with the description of the lateral 
exchange process by eddy diffusion. 

DEEP WATER VENTILATION TRIGGERED BY TURBIDITY 
CURRENTS: NUMERICAL INVESTIGATIONS 

Jochen Kampf(l) and Hermann Fohrrnann (2) 
(1) Institut für Meereskunde, Hamburg, Germany, e-mail: kaempf@dkrz.de; 
(2) Sonderforschungsbereich 313, Christian-AIbrechts-Universität, Kiel, Germany, 
e-mail: hermann@sfb313.uni-kiel.de 

Deeper waters of the ocean can be ventilated by turbidity currents forming on 
shallow shelves, which are reservoirs of recent sediments of either fluvial or glacial 
origin. When a storm induces stirring of shelf waters, a density increase due to the 
contribution of sand and silt may allow for sediment plumes descending the conti- 
nental slope. Sediment plumes can be further enforced by entrainment of bed sedi- 
ments during their descent When the density of a plume equals the density of am- 
bient waters, the plume leaves the slope and restratified within the ambient ocean 
at the respective intrusion level. Once the plume slows down, sediment settling 
allows for upward directed convection because plume '.waters become lighter than 
waters above. This facet of deep water ventilation triggered by turbidity currents is 
demonstrated by means of simplified two-dimensional plume studies. The possible 
effect of sedimentation-driven convection is investigated with both (1) a simple 
convective adjustment scheme and (2) a high-resolution nonhydrostatic convection 
model. In our studies a shallow sediment plume (~ 50 m thick) triggers convective 
stirring over a depth range of > 500 m of deep waters. In summary, the studies 
suggest that turbidity currents contribute to the ventilation of intermediate or deep 
waters. 

I 

Validating a several years model run by using temperature and 
salinity data 
Frank Janssen. Corinna Schrum (Zentrum für Meeres- und Kli- 
maforschung, Universität Hamburg, Troplowitzstr. 7, 22529 Hamburg, 
Germany). 
Many different 3-d model studies, focussed on baroclinic prognostic stud- 
ies have been carried for the North Sea and the Baltic Sea during the 
last years. However, prognostic runs for several years, without restoring 
to climatological distributions of temperature and salinity, are rare and 
at the moment the limitations of regional models for the simulation of 
the behaivour of the hydrography in North Sea and Baltic Sea on longer 
time scales, up to decades, are not well known. For validation and ini- 
tialization purposes of a 3-d coupled ice-ocean model about 2.6 million 
individual temperature measurements and about 2.5 million individual 
salinity measurements from various databases (ICES, DOD) were used 
to compile a gridded dataset of climatological monthly 3-d temperature 
and salinity distributions in the North Sea and the Baltic Sea. This 
dataset was used to initialize a several years model run. Monthly means 
of simulated temperature and salinity distributions were compared to the 
climatological monthly mean data and calculated trends in temperature 
and salinity for the simulation period will be estimated and compared 
to observed trends in temperature and salinity during the simulation 

period. 

VARIABILITY OF THE NORTH SEA INFERRED FROM AN 
ISOPYCNAL OCEAN CIRCULATION MODEL 

F. Kauker (1), H. von Storch (1) and J. M. Oberhuber (2) 
(1) Institute of Hydrophysics, GKSS Research Centre, PO Box 11 60, D-21494 
Geesthacht, Germany, (2) German Climate Computing Centre, Bundesstr. 55, 
D-20146 Hamburg, Germany. 
kaukerCdkrz.de/Fax: [49] 4152 87 1888 ' 

The variability of the North Sea is investigated with a regional version of the 
General Circulation Model OPYC. The regional OPYC model is forced with 
data from the ECMWF reanlysis in the period 1979 to 1993. The work is 
focused on two time-scales. The weekly to season time-scale and the season 
to decade time-scale. The sea level elevation, the sea surface circulation, the 
sea surface temperature and the sea surface salinity are analysed with the help 
of statistical tools as Empirical Orthogonal Functions, Associated Patterns, 
Canonical Correlation Analysis. 
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HYDRODYNAMICALLY DOMINATED SEDIMENTARY 
PROCESSES AND FATE OF CHERNOBYL RADIONUCLIDES IN 
BLACK SEA AND LAKE KINNERET 

E.Kontarfn and B.Shteinman (2) 
(1) P.P.Shirshov Institute of Oceanology Russian Academy of Sciences, Moscow, 
(2) Israel Oceanographic & Limnologica] Research Ltd., The Yigan Allon Kinneret 
Limnological Laboratory 
kontar@citylme.ru/Fax:+7-095-124-5983 

We report here investigations of the energy-and-mass exchange processes that 
determine propagation of pollution in the bottom boundary layer of the Black Sea and 
Lake Kinneret. Special emphasis has been put on possible propagation of Chernobyl 
radioactive substances via physical mechanisms such as the global circulation, near- 
bottom gravity and turbidity currents, internal waves, large-scale eddies and chemical 
processes in near-bottom layer. One of the key problems in this program has been 
the modeling of mechanisms of the backward transport of radionuclides during 
bottom storms from deep water regions toward the beaches and surf zone of the Black 
Sea and Lake Kinneret. We have investigated the near-bottom density and turbidity 
current diagnostics and calculation methods for the forecast of these flows on 
radionuclide transport. Such currents may be catastrophically powerful and may 
contaminant surrounding waters over tens of meters above the bottom level. The 
elaboration of current structure diagnostic methods based on the results of spectra 
analysis of suspended particle size and of current parameter distributions 
measurements have been performed both in depth and in time. The experimental base 
will allow development of diagnostic methods and mathematical models which will 
then be combined into a general model of the Chernobyl radionuclide fate in the 
Black Sea and Lake Kinneret sediments. 

VENTILATION OF UPPER DEEP LAYERS OF THE BALTIC SEA 

by Tarmo Kouts (Estonian National Maritime Board) 

The vertical circulation in the deeper parts of the Baltic Sea is due to inflows from the 
Kattegat through shallow sill areas, the Belt Sea and the Sound. The inflows are 
mainly barotropic and highly variable in time. Also due to mixing in the entrance area 
the range over which the salinity varies, in the inflow water, varies greatly 
(Stigebrandt,1987 and Kouts and Omstedt,1993). For the ventilation of the deep layers 
in the Baltic Sea the main research has been concentrated on studies of major inflows, 
eg. Fonselius(1969) and Matthaus and Franck( 1992). The major inflows are rather rare 
in time, probably once a decade, but still important ventilating the lower deep layers 
of the Baltic Sea basins. Another mechanism, less studied, is the ventilation of the 
upper deep layers, vertically the halocline depth or just below. Based on model 
calculations, Stigebrandt(1987), showed that most of inflowing into the Baltic Proper 
saline waters were interleaved just below the halocline to a depth of about 135 m and 
that the transient time of this water was about 3 year. The ventilation of these layers 
are more frequent and could probably ventilate the upper deep layer every year, 
however basic questions on how frequent?, how much water? and what is the origin of 
the inflowing water? are questions that needs to be answered before we understand 
how halocline ventilation in the Baltic Proper. The purpose with the present paper is 
therefore to focus on the ventilation of the upper deep layers in the Baltic Proper and 
from observations evidence examine this process on basis of high resolution CTD data 
from Gotland Basin and historical time series of sality and temperature at monitoring 
stations over several decades. It is concluded that mesoscale and sub-mesoscale 
processes (lenses, coastal jets, etc.) at the depth of halocline are main driving the 
ventilation of halocline in the Baltic Proper. 

SYNOPTIC UPWELLING NEAR THE CRIMEAN COAST OF THE 
BLACK SEA 

Korotaev G.(l), Gawarkiewicz 0.(2). Stanichny S.(l). Brink K. (2) 
(1 Marine Hydrophysical Institute, Sevastopol, Crimea. Ukraine) 
(2 Woods Hole Oceanographic Institution, Woods Hole MA USA) 

The southern Crimean coast along the northern Black Sea is an area of frequent 
synoptic upwelling. Upwelling occurs after a nonh-west wind event of typically I to 
3 days. Analysis of AVHRR imagery suggests a variety of scenarios for the evolution 
of the upwelled water. Sometimes the coid, upwelled water propagates north-westward 
along the coast At other times upwelled water detaches from the coast and then 
propagates along the onshore edge of the Rim Current. The third possibility is the 
formation of small eddies of upwelled water which slowly propagate offshore before 
interacting with the Rim Current An observational program consisting of repeated 
Hydrographie surveys, satellite imagery, and a small moored array with current meters 
is used to describe two upwelling events which occurred over three weeks in the 
summier of 1996. In both cases, some of the upwelled water propagated to the 
Northwest along the coast However, narrow (5-10 km) filaments of upwelled water 
also passed directly offshore in each case. The upwelling response was stronger for the 
first wind event than for the second one. even though the latter event had an apparently 
larger and more sustained alongshelf wind stress. Observations and simple numerical 
simulations suggest that initially, local wind stress results in localized upwelling over 
a variable alongshelf distance. The exact position of the initial upwelling region 
appears to depend on the position of the Rim Current as well as the influence of 
possible baroclinic wave motions over the shelf. After the initial development, most of 
the dense water translates to the Northwest along the coast at speeds of 10 to 20 cm/s. 
During this phase, offshore directed filaments is developed which carry upwelled 
water into the Rim Current on time scales of a few days. Finally, the upwelled water 
has been carried out of the region or sufficiently warmed such that the surface mixed 
layer returns to a condition with relatively uniform temperature. The alongshelf 
currents in the region are predominandy barotropic and may result from the radiation 
of shelf waves by the Rim Current because of the correlation between oscillations of 
the Rim Current front and alongshore velocity from the moorings. These shelf waves 
may explain why the weaker wind event (with the shallow thermocline) led to a strong 
upwelling response while a stronger wind event (with a deep thermocline) led to a 
weaker upwelling response. 

SUB-INERTIAL CURRENTS IN THE 1RBE STRAIT AND THEIR 
CONTRIBUTION TO THE WATER EXCHANGE 

M. -J. Lilover. U. Lips and J. Laanearu 
Estonian Marine Institute, Tallinn 
madis@phys.sea.ee/Fax: +372-6311069 

The regular flow pattern in the Irbe Strait consists of an outflow of the less saline 
Gulf of Riga water near the northern coast in the upper layer and of an inflow of the 
saline Baltic Proper water along the southern slope. This flow pattern, considered as 
a typical «Marine flow, is driven by the horizontal pressure gradients. Intermittent 
wind forcing causes an oscillating character of the flow. Spectral analysis of time 
series of currents revealed the energy peaks in semi-diurnal, diurnal and synoptic 
frequency bands. Intensive 10-days measurements of the hydrophysical fields in 
June 1995 showed that the most energetic are diurnal and low-frequency (T«48 h) 
oscillations explaining 36% and 37% of the total variance of currents, respectively. 
Only about 8% of energy belongs to the semi-diumal band. The current fluctuations 
with the diumal period can be considered as the system Irbe Strait/Gulf of Riga 
eigen-oscillations. The low-frequency current was forced by the fluctuating wind 
causing the sea-level oscillations with the period of 48 hours. The average measured 
low-frequency flow coincided well with the "geostrophically controlled" Toulany 
and Carrett model flow in the strait. Despite the large amplitudes of the wind-driven 
current fluctuations the fluctuating components of the current do not contribute 
much to the water exchange. 

ASSIMILATION OF ALTIMETER DATA INTO THE BLACK SEA 
CIRCULATION MODEL 

G.K. Korotaev1, O.A. Saenko'. A.S. Sarkisyan5, V.V. Knysh1 

1 Marine Hydrophysical Institute, Sevastopol 335000, Ukraine, 
E-mail:otdp@alpha.mhi.iuf.net 
2 Institute of Numerical Mathematics, Moscow 117333, Russia, 
E-mail:ocean@i nm.ras.ru 

The TOPEX/POSEIDON and ERS-1 altimeter data for a period from 1992 to 996 
are assimilated into the Black Sea primitive equation model. The model uses the 
sea surface height formulation which substantially simplifies the assimilation 
procedure. 
An objectively mapped difference between altimetric and model sea levels is 
converted into subsurface anomaly of salinity by the use of surface to subsurface 
statistics. 

The results of altimetric data assimilation experiments are compared with 
hydrographic observations obtained in the framework of the CoMSBlack (92-95) 
Programs. An analysis of the results has shown a quite good performance of 
the assimilation scheme in reconstructing large and meso-scale features of the 
Black Sea circulation. 
An analysis of seasonal variability over the period from 1992 to 1996 based on 
the altimeter data assimilation runs indicates strong intensification of the Rim 
Current in winter and spring and reduction of eddy activity in these seasons. 

OCEAN CIRCULATION IN VESTFJORDEN 

A, Melsom (1) 
(1) Norwegian Meteorological Institute 
ame.melsom@dnmi.no/Fax: +47-22-963 050 

This report is presented at the conclusion of activities at the Norwegian 
Meteorological Institute (DNMI) related to two of the NATO MILOC Rocky 
Road campaigns in Vestfjorden. The operational ocean model at DNMI, 
ECOM 3d/POM, has recently been improved. Also, work has been 
undertaken to improve the quality of model forcing. Here, the new model 
version is validated using the Rocky Road data for salinity and temperature. 

Model validation is performed using salinity and temperature profiles of 
overall means and rms-errors, and statistically interpolated fields at selected 
depths. The profiles suggest that the model does not reproduce internal 
motion in a realistic manner. The interpolated fields contain more valuable 
information for validation purposes. This information includes lateral 
distribution of salt and heat, as well as the presence and intensity of fronts, 
meanders, filaments and eddies. Near-surface fields seem to be contaminated 
by the quality of heat and salt forcing (radiation/SST and river fluxes, 
respectively). Results from intermediate levels (100 m) are more promising. 
In the 4 km resolution case, strong fronts may be formed, but instabilities do 
not develop. However, using a resolution of 1 km the front is broken into 
eddies. In this case, the mesoscale activity is similar to that of the 
observational fields. Finally, the barotropic tide is simulated credibly, but the 
intensity of internal tides appears to be too weak in the model results. 
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ON THE WATER AND ENERGY BALANCE OP THE BALTIC 
SEA 
A. Lehmann and S. Malz (Institut für Meereskunde, Düsternbrooker Weg 20, 
24105 Kiel, Germany) 

Understanding the role of the Baltic Sea in energy and water cycles requires 
models for the relevant transport processes. Models must be capable of accu- 
rately representing the response of currents and sea level to direct forcing by the 
wind, and by wind-induced changes of sea level in the Katagat leading to ex- 
change flows through the Danish Straits. The models must further describe the 
response of the circulation to forcing by river runoff, precipitation/evaporation 
and by melting/freezing, with specific emphasis on freshwater budget and ther- 
mohaline circulation. A coupled ice-ocean model is utilized to investigate the 
water, salt and heat budget of the Baltic Sea. Several years has been simulated 
to investigate barotropic and baroclinic transports of heat and materia within 
the Baltic Sea and with the North Sea. Additionally, estimations of the fresh 
water budget with respect to the rates of precipitation, evaporation and river 
runoff are presented. 

DYNAMICS OF THE MBSISSIPPI-ATCHAFALAYA COASTAL PLUME 

S. P. Murray and E.Jarosz(l) 
(1) Coastal Studies Institute, Louisiana State University 
smurray@antares.esUsu.edu/Fax: +504-388-2520 

A series of 5 cruises of 7 days duration was mo in 1992-1994 with the objective of 
characterizing the velocity and salinity-temperature-density structure of the coastal 
plume of the Atchafalaya and Mississippi Rivers that extends westward over 500 
km into Texas and Mexico. During the three downcoast regime cruises (spring- 
summer-fall) an integral form of the longshore momentum balance shows that a 
reasonably linear relationship exists between transport of the coastal plume at each 
section and the local wind stress. This supports the operation of a simple frictional 
balance of wind stress and linear friction over time scales of several days-to-a-week 
At zero wind stress the transport is not significantly different from zero, suggesting 
the lack of importance of buoyancy forcing in the MACP. Similar analysis for the 
two summer npcoast observations indicates an entirely different result, i.e, the 
sectional transports are quite unrelated to local wind stress. Coherence analyses 
showed that during the winter downcoast regime, current fluctuations are controlled 
by the alongshore wind stress and, secondarily, off central Texas by the longshore 
surface slope. During the summer upcoast flow regime variance in the currents in 
central Texas and central Louisiana in summer is highly coherent with sea level 
gradients associated with large coastal curvature in central Texas. The observed 
variability in the current in successfully simulated with a simple model of the along 
plume momentum balance, as in Lentz (1995). Results provide convincing 
evidence that major fluctuations of 2-to-7-day time scales, and 20-60 cm/sec range 
are directly wind driven. 

HYDROGRAPHY OF THE GULF OF RIGA AND WATER EXCHANGE 
PROPERTIES IN THE CONNECTING STRAITS, OBSERVATIONS 1993-95 

U. Lips (1), M.-J Lilover (1), B. Häkansson (2) and Ü. Suursaar (1) 
(1) Estonian Marine Institute, Tallinn, Estonia; (2) SMHI, Norrköping, Sweden 
urmas@phys.sea.ee/Fax: +372-6311069 

The general hydrography of a semi-enclosed basin of the Baltic Sea - the Gulf of 
Riga (total volume of 410 km3 and a maximum depth of 60 metres) is described on 
the basis of the observational results from 1993 to 1995. The cyclonic circulation 
scheme is prevailing in the gulf, but its alteration during the summer months was 
detected: the currents transported the riverine water and the gulf intermediate water 
along the western coast into the nutrient-depleted near-surface layer of the Irbe 
Strait. The different flow regimes depending on the geometry of the straits are found 
to prevail in the two connections to the Baltic Proper - the Väinameri (sill depth 5 
metres, width at the narrowest region - the Suur Strait - 8 km) in the north and the 
Irbe Strait (sill depth 25 metres, width 30 km) in the west. The observed pure inflows 
or outflows (current speed up to 1 m s"1) through the Suur Strait are driven by the 
direct wind forcing in an association with the sea level elevations. The barotropic 
inflow and outflow situations can appear in accordance with the changing forcing, 
but an estuarine-like circulation scheme - outflow in the northern part and inflow 
along the southern slope of the strait - prevailed on average in the Irbe Strait. This 
flow pattern is driven by the horizontal pressure gradients between the basins and 
could be the main mechanism maintaining the observed relatively stable long-term 
mean salinity (density) difference between the Gulf of Riga and the open Baltic. 

AN UPPER LAYER TEMPERATURE FORECAST IN THE BAY OF BISCAY 

Nicolas P.', Ratsivalaka C.', Mariette V.2, Verbeque V.3, Pichon A.4, DcvgauxM,4 

'CETIIS, 2VIMAR, 3SYSECA, 'EPSHOM/CMO, BP426,29275 BREST Cedex 

The «Centre Militaire d'Oceanographie» is building a three day forecast system of 
the upper layer thermal structure in the Bay of Biscay. It is based on the coupling of a 
one-dimensional thermocline model (local turbulent closure scheme [Gaspar & 
al.,1990]) with an internal tide model [Mazd & al.,1987]. Some modifications have 
been implemented to make these models more efficient and operational (bottom fric- 
tion, two layer-fluid). 
The coupling can be described as follows: first, the three-dimensional thermal struc- 
ture is reduced into a two-layer one. The internal tide model is then applied and gives 
the characteristics of the internal motion. From this, a Richardson number is calcula- 
ted and converted into a vertical mixing number [Rodi,1993] which is used by the 
thermocline model The thermocline model is then applied to produce the tempera- 
ture profile for the next step. 
From a qualitative point of view, the famous cold spots on the continental shelf edge 
and the Ushant thermal front are well modeled. From a quantitative point of view, the 
period from June to October of 1994 has been simulated with surface forcing by ana- 
lysed atmospheric fluxes. In spite of a few restrictions, the results are in good agree- 
ment with the measurements of the MINT94 cruise [Pichon, 1995], AVHRR images 
and analysed situations. 

SEMIDIURNAL INTERNAL WAVES IN THE STRAIT OF GIBRALTAR 

Eugene G. Morozov 
P. Shirshov Institute of Oceanology, Russian Academy of Sciences, 117218, 36 
Nakhimovsky St., Moscow, Russia. 

The Straitof Gibraltar provides extraordinary conditions for the generation 
ofstrongtidal intemalwaves. Tidal flow through the channel generates internal tides on 
the sloping bottom. Internalwaveswerestudiedon the basis of mooredcurrent and 
temperature measurements in thewesterngorge of the Strait. The measured 
doubleamplitudesofthewaves exceed 200 m overthedepthof the ocean about 320 m. 
The wavespropagateto the west with a wavelength of 50 km. The amplitudes are 
quasi-stationary. Strongnon-linearity of the waves is observed. Calculations 
ofthegenerationand propagationof thewavescarried out using a numerical model agree 
with the measurements. 

INTEGRAL MODEL FOR VOLUME TRANSPORT THROUGH THE 
STRAITS OF THE GULF OF RIGA 

M.Otsmann, V.Astok, T.Kulias, O.Suursaar (Estonian Marine Institute, Paldiski 
Rd. 1, EE0001, Tallinn, Estonia) 

The Gulf of Riga is a semi-enclosed water-basin connected with the Baltic Sea by 
two major straits: the Irben Strait in the west and the Suur Strait in the north. The 
northern outlet itself forms a basin (Väinameri) with three straits. Therefore 
direct water exchange measurements are very labour-consuming and estimates 
based on salt-budget method do not characterize distribution between the 
different straits. Two model versions for volume transport have been worked out 
on the basis of extensive field measurements during 1993-97. One describing the 
Gulf of Riga as a two-channel system, and the second as a four-channel-two- 
basin system. Both models are based on motion equations in the straits and on 
water balance equations of the basins.. We use HIRLAM wind data, sea level 
data outside the Gulf and data for river inflows into the Guff. Sea levels in the 
basins and flows in the straits are calculated The model behaviour is analysed in 
stationaryand non-stationary boundary conditions. Models are calibrated and 
verified against 3-months field data and water flows for longer periods are 
calculated. It appeared, that the straits function together, and even the smallest 
channel has its own role in the system. The water exchange is much stronger than 
it would be have been in case of only one channel-system (i.e, the Irben Strait, as 
usually considered in some models). 

C573 



NUMERICAL INVESTIGATIONS  OF THE EFFECTS OF TO- 
POGRAPHY ON THE TIDAL CURRENTS CIRCULATION 

A. Ouahsine (1), A. Sentchev (2) and K.D. Nguyen (3) 
(1) L. M. L. - URA CNRS 1441, Paul Langevin, 59655 Villeneuve d'Ascq , 
(2) Station Marine de Wimereux, Universite du Littoral, 62930 Wimereux, 
(3) University de basse Normandie, 14032 Caen cedex, France. 
Abdellatif.OuahsineOuniv-lillel.fr/Fax: 03 20 33 71 53 

A depth averaged numerical model is used to study the tidal currents and the 
residual circulation in the English Channel. In this numerical investigation the 
model uses a finer numerical grid to give the detailed spatial structure of the 
tidal currents under the influence of the local topography, and interaction with 
other flows in the region. The water motion is supposed to be non-linear and 
strongly influenced by the topography. We seek to examin the influence of the 
model boundaries on the computed tidal currents and consider our numerical 
simulation as a Arts step towards the understanding and modeling the phys- 
ical and ecological conditions of the Eastern Channel. Our work has several 
objectives. We verify a finer mesh 2D numerical model and to investigate the 
hydrodynamic behavior of tidal circulation in the domain. We also examin the 
detailed residual flow pattern in order to give an objective estimate of the min- 
imum Chezy coefficient, required when studying the subtidal precesses. The 
residual circulation, given by the model with refined grid sizes, apprears to 
be sensitive to the sea bottom morphology and reveals a central gyre. This 
gyre, identified also by the measurements, is responsible for the residual flow 
asymetry, where the transport is more intense near the Straits of Dover. 

A NUMERICAL 3D SIMULATION OF THE ANNUAL CYCLE OF THE 
GULF OF RIGA THERMOHALINE FIELDS 

Urmas Raudsepp 
Estonian Marine Institute, Paldiski Rd.l, Tallinn EE00OI, Estonia 
raudsepp@phys.sea.ee 

A free surface version of the 3D GFDL Brian-Cox model was used to simulate 
evolution of the Gulf of Riga thermohaline fields in 1993-94. The model was 
modified by including the vertical mixing of Pacanowski and Philander (1981), the 
dense water overflow and ice cover formation depending on the sea water freezing 
temperature. The model forcing factors comprised the temporally varying winds, 
heat flux and the river inflow. The model results are close to the measured vertical 
temperature and salinity structure of the central Gulf of Riga. The following key 
processes controlling the evolution of the thermohaline fields in the Gulf of Riga 
were identified. The vertical thermal structure evolved in response to the air-sea heat 
exchange. The positive heat flux was responsible for the thermocline development, 
destroyed by the convection during atmospheric cooling. Strong wind events caused 
the thermocline erosion followed by thermal re-stratification for calm periods. The 
vertical haline structure developed in response to the monthly river inflow_variations 
and the water exchange between the Gulf of Riga and the Baltic Proper. Strong 
saline water inflow events occurred in response to the persistent southerly winds. 
Short-term wind variability generated the water mass back-and-forth oscillations in 
the strait between the Gulf of Riga and the Baltic Proper together with the enhanced 
mixing. 

WIND INDUCED CURRENTS IN THE ADRIATIC SEA 

Gordana Beg Paklar and Branka Grbec 
Institute of oceanography and fisheries, Split 

e-mail: beg@jadran.izor.hr 

Oceanographic (currents, sea temperature, salinity) and meteorological (air 
temperature, air pressure, humidity) parameters were measured at two locations in 
the northern Adriatic in the period from 1978 to 1986. Several episodes with strong 
wind were selected from the whole data set and classified according to season. 
Effect of seasonal variability of hydrographic parameters on the wind induced 
currents was analysed. 
Beside time series analysis, wind induced currents were also simulated by non- 
linear three-dimensional hydrodynamic numerical model in the characteristic 
seasonal density fields. Generating forces in the numerical simulations, beside 
wind, were heat and water fluxes. 
Empirical data and the results of numerical simulations, show the existence of 
strong currents above seasonal thermocline. 

ON GENERATION OF NEAR SURFACE EDDIES OVER THE SLOPING 
BOTTOM 

G.M.Reznik 
P.P.Shirshov Institute of Oceanology, Moscow, Russia 
greznik@wave.maths.monash.edu.au/Fax: 7-095-124-5983 

We consider the quasigeostrophic eddies in a two-layer ocean over the sloping bottom. 
The dynamics of these eddies is strongly different from both the case of two-layer 
fluid on the beta-plane and the case of barotropic ocean over the bottom slope. The 
first important distinction is the existence of steady states with finite energy and 
enstrophy confined to the upper layer. The streamlines and the potential vorticity 
isolines coincide in this state. The second distinction is related to the properties of 
linear waves which have a zero upper layer potential vorticity. The radiation of such 
waves results in that any initial state with non-zero upper layer potential vorticity (for 
example confined to the lower layer) does not disperse with increasing time but tends 
to the steady upper layer state described above plus a dispersing wave field tending to 
zero at a fixed point. One can readily determine the final steady state and the total 
energy of radiated waves. This enables to estimate the energy of radiated sub- inertial 
topographic oscillations when interacting a mesoscale eddy with shelf topography. 

HYDROGRAPHIC FINE-SCALE VARIABILITY IN THE BORN- 
HOLM BASIN OF THE BALTIC SEA IN WINTER 

S. Podewski *, H.-V. Fiekas **, K. Herbig **, B. Fedders ** and W. Waeber 
** (* Institut für Meereskunde, Troplowitzstr. 7, 22529 Hamburg, Germany ) 
(** Forschungsanstalt der Bundeswehr für Wasserschall und Geophysik (FWG), 
Klausdorfer Weg 2-24, 24148 Kiel, Germany ) 

Intensive hydrographic fine-scale variability in the horizontal distribution of 
temperature and salinity above the permanent halocline in the wintry Born- 
holm Basin was detected during the expedition RV PLANET 1/97 from Jan- 
uary 20 to 29,1997. The fine-scale measurements were carried out with the so- 
called CTD chain developed at the FWG and designed to resolve hydrographic 
variability in the upper layer of the ocean nearly synoptically. 79 CTD sensors 
were used during this study. While the vertical resolution of the CTD chain 
was reduced to spatial scales of the order of 1 m CTD profiles were measured 
every few meters from just below the sea surface down to about 60 m. Cur- 
rent measurements were performed continuously by a shipboard ADCP (300 
kHz) and dissipation measurements of turbulent kinetic energy were surveyed 
with the so-called MICSOS profiler (Meerestechnik Elektronik G.m.b.H., Ger- 
many) at selected positions during the cruise. The results presented here will 
emphasize the role of frontal dynamics and thermal convection in generating 
the hydrographic fine-scale variability observed in the upper 50 m of the water 
column in the Bornholm Basin in winter 1997. Dissipation measurements are 
shown and compared with turbulence approximations based on the Richardson 
approach. 

Generation of baroclinlc tides in the Kattegat - observations and modelling. 

Johan Rodhe, Ulf CederMand Bengt Liljebladh. (Department of 
Oceanography, Göteborg University, S-413 81 G+teborg Sweden) 

The Kattegat is a part of the transition region between the low-saline Baltic Sea and 
the North Sea, dominated by water of oceanic origin. The mixing between the 
low-saline surface water and the high-saline deep water in the Kattegat is of great 
importance for the salinity of the deep water entering the Baltic and thus a key process 
in the modelling of the Baltic sea. Part of this mixing is due to internal waves 
generated by the interaction between the barotropic tide and mesoscale topographic 
features. To study this, the velocity and the density fields have been investigated with 
high spatial and time resolution at the site of a smal-scale depth in the northern 
Kattegat (the Alkor Tiefe). The horizontal scale is of the order 1 km and the depth is 
140 m, compared to about 80 m which is found in the surroundings. Two field 
experiments were performed, one during a period with weak stratification and one 
during a period with a strong two-layer stratification (the usual case in the Kattegat). 
Each observation was carried during about 4 days with the use of 4 bottom mounted 
profiling Doppler current meters recording at 5 minutes intervals and with a vertical 
resolution of 4 m. The ship was continuously surveying the area by means of 
ship-bom ADCP and CTD casts. The observed velocity and density fields indicate a 
strong generation of baroclinic tides in the area. This is confirmed by a numerical 
simulation. The efficiency of the transformation of energy into the baroclinic tide i 
related to the stratification. See also the poster presentation: "High-resolution 
observations of currents and hydrography in the Kattegat" by Ulf CederW-f, Bengt 
Liljebladh and Johan Rodhe, where other features of the velocity and hydrographic 
fields are analysed. 

C574 



PARTICLE TRANSPORT SIMULATIONS IN COASTAL AREAS 
OF THE GERMAN BIGHT 

S. Rolinski 
Institut für Meereskunde, Universität Hamburg, TroplowitzstraBe 7, D-22529 
Hamburg, Germany. 

The flux of substances between land and ocean takes place in a narrow coastal 
zone. Though studies on budgets are numerous it remains unclear under which 
conditions wadden areas and estuaries store marine material or supply the 
marine environment with terrestrial substances. 
By means of a Lagrangian transport model, residuals of the transport of water 
masses and conservative substances can be determined separately. The model 
is applied to a tidal estuary, the River Elbe, and a wadden area, the tidal basin 
in the back of the island of Spiekeroog. Under specified conditions for wind 
and tidal elevation the accumulation of material, e.g. in as well as upstream of 
the turbidity zone of the River Elbe, could be simulated and exchange rates be 
determined. However, the obtained values are valid only for time scales from 
days to weeks and do not allow to evaluate mean values on larger scales. 

NUMERICAL SIMULATIONS OF THE SURFACE AND 
INTERNAL TIDES IN THE STRAIT OF GIBRALTAR 

D.V. Seih». W. Alpers*, I.O. Backhaus*, P. Brandt*, A. Izquierdof, B.A Kagant, 
A: Rubino*, L.M. Tejedorf 

•Institut für Meereskunde, Universität Hamburg, Hamburg, Germany 
tDepartment of Applied Physics, University of Cadiz, Puerto Real, Spain 
fcP.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, St. 
Petersburg Branch, Russia 

New hydrostatic, barotropic and two-layer, high-resolution, boundary-fitted 
coordinate models are employed for the simulation of the M2 and S2 surface and 
internal tides in the Strait of Gibraltar. While the barotropic model is forced only by 
imposing observed M2 and S2 tidal surface elevations at the open boundaries, in the 
two-layer model observed mean surface and interface positions at the open 
boundaries are also imposed. The models are validated by comparing simulated tidal 
surface elevations and tidal velocities with observational data. A comparison 
between the fields of tidal surface elevation derived from the two models shows that 
significant differences occur in the region of the Camarinal Sill, where the two-layer 
model predicts a time dependent hydraulic control which constrains the exchange 
flow between the North Atlantic and the Mediterranean Sea. The two-layer model is 
also capable of describing eastward propagating internal bores generated by the 
interaction of the tidal flow with the Camarinal Sill. Forms and positions of these 
internal bores are compared with those inferred from the analysis of synthetic 
aperture radar images acquired by the European Remote Sensing satellites. 

BUOYANT EKMAN LAYERS OVER VARIABLE TOPOGRAPHY 

A. Romanou and G. L. Weatherly 
Department of Oceanography, Florida State University, Tallahassee, 
FL32306-4320,U.S.A. 
romanou@ocean.fsu.edu/Fax:01-850-644-2581 

Numerical simulations of the turbulent bottom boundary layer at the 
coastal area off Cape Hatteras, U.S.A., are made using a two- 
dimensional bottom boundary layer model. Two cases of interior 
current are considered: a) a constant and b) a time dependent 
along-the-isobaths interior current. Density gradience across a 
sloping boundary gives rise to buoyancy forces which oppose the 
Ekman flow imposed by the interior current. The buoyant inhibition 
of the Ekman flow in the presence of topographic effects approxi- 
mating the continental shelf and slope, is addressed. The turbulent 
"shut-down* of the Ekman flow on the slope is faster than that on 
the shelf causing horizontal convergences or divergences depending 
on the direction of the interior current. The subsequent vertical 
motion advectively drives boundary layer fluid outwards and into the 
interior or downwards into the boundary layer from the interior. In 
the constant interior case, tracer input simulations show the 
boundary flow separation at the continental break reaching up to 
40 m above the bottom. In the time dependent interior case, mixing 
and restratification of the boundary layer alternate during a cycle, 
while the lateral variability of the Ekman transport leads to a net 
displacement of the boundary layer fluid across the bottom. 

INTERNAL WAVES IN COASTAL WATERS 

A.N.Serebryany 
N.N.Andreyev Acoustics Institute, Shvernik Str.4, 11036 Moscow, Russia 
E-mail: aserebryany@glasnet.ru 

Internal waves play an important role in coastal zone hydrodynamics.They 
perform the function of ventilation of the sea, as well as interactions with 
the seabed, transport of sediments and creation of seabed topography. One 
specific feature of shallow-water internal waves is a predominance of the 
nonlinearity that leads to intensification mixing processes. On the basis of 
our experience with long-term observations and thorough study of published 
data, we present a review of modern-day knowledge of internal waves in the 
shelf and coastal zone. The principal processes leading to the generation of 
intense internal waves are described. Important features of shallow-water 
internal waves, such as effects of nonlinearity and the soliton-like character 
of the waves, are discussed. Special attention is devoted to factual data for 
internal wave parameters measured in different coastal zones of the World 
Ocean. On the basis of this analysis, coastal zones with large-amplitude 
internal waves are presented. 

I 

SEASONAL EVOLUTION OF WATER MASS STRUCTURE AND 
SHELF-SLOPE EXCHANGES AT THE IBERIAN SHELF (NW 
MEDITERRANEAN). PRELIMINARY RESULTS OF FANS 
CRUISES 

ÜäTcF(2), J. Guillen (1), M.D. Herrera (2). A. Julia (1), A. de Leon (2), M. 
Maso (1), M.P. Olivar (1), A. Palanques (1), I. Palomera (1), P. Puig (1), J. 
Puigdefäbregas (2), A. Sabates (1), J. Salas (1), A. Sänchez-Arcilla (2), J. 

, I. Palomera (1), P. 
;(1), A. -' 

Sanchez (1),"P. Schneider (1) and'£ Sospedra (2) 
(1) Institut de Ciencies del Mar. Barcelona. (2) LIM-UPC. Barcelona 
salat©icm.csic.es / Fax: +34-3-221-7340 

Three oceanographic cruises were carried on the Iberian shelf and slope at 
different seasons: autumn, winter and early summer, last year. An area of 
about 7500 km was covered in each cruise with an average of 140 CTD casts 
and surface TS analysis and ADCP measurements underway. The results 
presented here concerned the patterns of distribution of the continental 
influenced waters over the shelf, shelf-slope exchanges and interaction with 
the main current, at the shelf break. This preliminary results show permanent 
features, like the anticyclonic circulation over the shelf or the locations where 
shelf-slope exchanges are more intense. Other features, like water masses 
characteristics or intensity of the shelf break current, show a clear seasonal 
trend, at different stratification conditions and also with markedly differences 
on outflows from the Ebro river. 

REMOTE SENSING OF THE LAKE BAIKAL THERMAL FRONTS 

Sereev V.Semovski'. Michail N.Shimaraev1, Nikolay P.Minko 
'Limnologjcal Inst., 2Inst.of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia 
E-mail: Semovski@hplc.irk.ru 

Different mesoscale features known for lakes, coastal and open seas are typical for 
the Baikal due to Lake great dimensions. NOAA AVHRRIR 1994-1997 HRPT 
imagery archive was analysed for thermal fronts detection and its variability studies 
with special emphasis on those patterns, which can correlate with deep convection. 
Thermal front known as thermobar divides waters with temperature below and 
upper then temperature of maximal density. Typical for temporal lakes shallow 
spring and autumn thermobars generation was studied for selected areas of the 
Lake. Specific for the Baikal due to its depth and steep slope deep water thermobar 
can be produced due to coastal heating (spring) and cooling (autumn) or due to 
riverine water influence. Deep convection patterns were observed along such 
thermal front interface. River plume can also be an area of deep "cascading" along 
the slope associated with difference in mineralisation between river and lake waters. 
Cold "spots" produces by bottom waters on the surface in frontal areas can be 
detected as indicators of deep mixing features. Selenga river thermal fronts 
seasonal evolution analysis along the section demonstrates transition "shelf-open 
lake" zone evolution. Cyclonic eddies and circulation cells can determine a 
"chimney" patterns of deep mixing during spring and autumn homothermy. 
Estimations of advection fields were derived by sequential surface temperature 
fields using regression solution of inverse heat transport problem. 
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NUMERICAL STUDY OF THE WIND-DRIVEN CIRCULATION IN THE 
MEXICAN PACIFIC NEAR-SHORE ZONE 

Dr. Sergey N. Bulgakov. Alejandro Martinez Z. 
Institute de Astronomia y Meteorologia 
Universidad de Guadalajara 
Guadalajara, Jalisco, Mexico 
E-mail: sbulgako@udgserv.cencar.udg.mx 
Dr. Eleonore N. Mikhailova, Dr. Naum B. Shapiro 
Marine Hydrophysical Institute 
Sevastopol, Ukraine 
E-mail: ocean@mhi2.sebastopol.ua 

Multilevel numerical model of the Marine Hydrophysical Institute (Sevastopol, 
Ukraine) based on the primitive equations of hydrodynamics with the horizontal 
resolution of 9x9 km and real bottom relief and orography has been used for 
studying the water dynamics generated by the winds in the Mexican Pacific near- 
shore zone (107-102°W and 18-24°). A series of numerical experiments aimed at 
describing three-dimensional circulation in this area has been carried out. The 
processes of development and transformation of the upwellings/downwellings being 
of a special interest. At the initial moment the temperature and salinity were taken 
horizontally homogeneous and vertically stratified with the profiles corresponding to 
those observed in spring. The dominant winds in this period are the north-eastern 
ones, but the experiments were undertaken with the winds of 8 directions. The 
favourable winds as well as the areas of the most intensive development of the 
upwelling processes were established for the Mexican Pacific near-shore zone. 

PECULIARITIES OF FLOW DYNAMICS IN THE CANARY CURRENT 
UPWELLING 

Sklyarov V.E. and Berezutskii A.V. 
P.P.Shirsov Institute of Oceanology, Russian Academy of Sciences E-mail: 
kvn@sio.rssi.ru 

This report will address renewal results of the combined studies of ocean dynamics 
near a shore of the North-Western Africa. Topics to be covered include problems of 
coastal, shelf and continental slope circulations. Observations were made from space 
satellites in visible and infrared ranges and from a board of research vessels 
(conductivity-temperature-depth, sea surface temperature, acoustic Doppler current 
profiler and sonar measurements). Data under analysis were collected during the past 
decade. Special interest focuses on quasi-geostrophic along shore current and vortexes 
as well as on system of cross-frontal flows and subsurface lenses in the main 
upwelling front area. Field of discussion will also concentrate on influence of the local 
bottom topography on upwelling dynamics. 

Dynamics of baroclinic mesoscale eddies at the outer shelf 

G.I.Shapiro (1), B.F.Voronov (2) 
(1) P.P.Shirshoy Institute of Oceanology, Moscow, shapiro@sio.rssi.ru, 
(2) Research Institute of Pulse Technique, Moscow, 115304, Luganskaya, 9 

Dynamics of near-bottom mesoscale eddies over the slope is modelled 
numerically. The numerical model is mainly the same as used by Shapiro and 
Hill (JPO, 1997) to simulate dense water cascades over the shelf break. Four 
idealised major bottom topography patterns were considered: constant slope, 
shelf break, slope with a canyon, and slope with a spur. If was found that an 
eddy over the constant slope moves mainly along isobaths generating a 
downslope water cascade in the bottom boundary layer. The eddy could split 
into parts at the shelf break Various dynamical pattern were identified over 
canyons and spurs depending on the parameters of the eddy and bottom 
topography. This includes transformation of the eddy into an arrested current 
at the bottom of the canyon and strong relative current intensification at the 
head of the eddy after its passage over the spur. 

OBSERVATIONS AND MODELLING OF AN EVOLVING INTERNAL 
BORE DURING SESAME 1996 

ISmill, and J Scott (Defence and Evaluation Research Agency (DERA), 
WlrdHrh, Don« DT2 8XJ, UK). 
E-mail: ajbristow@taz.dera.gov.uk 
T.Talipova, E Pelinovsky (Institute of Applied Physics, Nizruiy Novgorod, 
Russia), Email: tata@appl.scI-nnov.ru 

Observations of internal waves were made at the Matin shelf edge during 
SESAME (Shelf Edge Studies Acoustic Measurement Experiment), in conjunction 
wift SES, m August-September 1996. These measurements provide a unique 
high resolution dataset demonstrating Internal wave generation and propagation. 
In this note a particular observed example of the evolution of an internal bore Is 
presented. The process is shown clearly In a sequence of thermistor chain tows 
across the shelf break over a tidal cycle, as the double-sided bore transforms 
into undulations and eventually Into more solitary waveforms. The feature was 
less well resolved by ship-mounted ADCP, but some current structures were 
discerned. 

From the observations the kinetic and potential energies are derived showing a 
strong conversion from kinetic energy in the internal bore into potential energy 
in the evolved internal waves. Further, the bore evolution is then modelled using 
a KdV finite difference model which predicts the lengthicales of the internal 
waves, but underpredlcts their amplitudes. Results of a numerical simulation of 
the Internal dde in the frame of die rotated-modlfled extended KDV equation 
are also presented. 

Transport of Fine Suspended Matter on the Shelf by Mesoscale 
Currents 
G.I.Shapiro. T.M.Akivis, N.N.Pykhov, S.M.Antsyferov 
P.P.Shirshov Institute of Oceanology, 117851, Moscow, Russia, 
Nakhimovsky prospect, 36, email: shapiro@sio.rssi.ru 

A semi-analytical model is developed for simulating the transport of fine 
suspended particulated matter (SPM) on the shelf by mesoscale currents. The 
vertical profiles of horizontal velocity and SPM concentration are calculated 
analytically in a zero order approximation (i.e. neglecting horizontal 
inhomogenities of the bottom boundary layer). Then these profiles are used to 
calculate horizontal fluxes for the depth integrated advection-diffusion 
problem that is solved numerically. The resuspension flux is taken in the form 
F=M(T-TO) where T =T(x,y,t) is the variable bottom stress, M and TO are 
empirical constants. The settling velocity is taken constant. The model was 
run to simulate SPM transport by various types of mesoscale currents 
including cyclonic and anticyclonic eddies and a meandering along-shore 
current. It was found that because of strong non-linearity of the problem a 
small variability in the current strength result in a great difference in erosion 
and sedimentation rates at different location beneath and adjacent to the 
current. 

ON THE INFLUENCE OF INTERNAL WAVES PACKETS ON THE 
VELOCITY STRUCTURE OF SHELF WATERS 

Sklyarov V.E. and Berezutskii A.V. 
P.P.Shirshov Institute of Oceanology, Russian Academy of Sciences E-mail: 
kvn@sio.rssi.ru 

The report presents observations of the velocity and thermohaline structures of internal 
waves (IW) field carried out in July, 1992 in a frame of joint russian-american oceanic 
experiment PRE-CHERI (Critical Hydrodynamic, Electromagnetic and Radar 
Investigations). Data were collected with a vessel-mounted 75-kHz acoustic Doppler 
current profiler (ADCP) and NB MK3B CTD-unit in areas of the continental shelf and 
slope near the eastern shore of the North America. During the experiment spectral, 
temporal and spatial characteristics of tidally generated in the shelf break area packets 
of IW was studied. As a result of the advanced investigation strategy it was found that 
IW with a wave length of about several hundreds meters strongly effect on velocity 
structure of shelf currents at depths from thermocline down to bottom. These 
measurements have been also incorporated with a satellite mesoscale images in order 
to characterize shelf dynamics of IW packets. 
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THE OVERFLOW OF DENMARK STRAIT OVERFLOW WATER 
IN A NUMERICAL MODEL 

Sören Stutzer and W. Krauss (Institut für Meereskunde, Düsternbrooker Weg 
20, 24105 Kiel, Germany, contact: sstutzer@ifm.uni-kiel.de) 

One source contribution to the North Atlantic Deep Water is the Denmark 
Strait Overflow Water (DSOW) that enters the subpolar gyre between Ice- 
land and Greenland. The southward and downslope spreading of the overflow 
plume in a bottom intensified current poses a major problem to geopotential- 
coordinate numerical models. The mixture of horizontal advection and vertical 
convection in the bottom most layers leads to a strong diffusion of water mass 
properties that may prevent the model from conserving approximately the bot- 
tom water mass characteristics. This in turn prohibits the evolution of a bottom 
water current on the basin depth. We present first results from a numerical high 
resolution, z-coordinate model and discuss possibilities for an improved repre- 
sentation of the bottom water characteristics and the downslope advection of 
the dense water plume. 

ON THE COHERENT STRUCTURE OF CURRENTS IN TWO 

STRAITS OF THE GULF OF RIGA 

by Lembit Talpsepp, Estonian Marine Institute, talpsepp@phys.sea.ee 

Under the multidiscipline study "The Gulf of Riga Project" of the Nordic 
Council of Ministers the current measurements in Irbe Strait connecting 
Gulf of Riga with Baltic Proper and in Virtsu Strait connecting the Gulf of 
Riga with the entrance of the Gulf of Finland in 1993-1995 were carried 
out. In both straits the current fluctuations with inertial and diurnal periods 
and with periods of some days were observed, that were mainly interpreted 
as inertial oscillations/seiches or atmospherically induced and in one case 
as topographic mode. If in the Virtsu Strait the one-layer structure with 
current fluctuations in alongstrait component only was observed (Suursaar 
etc. 1995) then in Irbe Strait more complicated two-layer structure of 
fluctuating currents was observed. In spite long time series of current 
measurements in Irbe and Virtsu Straits only during some weeks in 1994 
and 1995 simultaneous measurements were carried out. Statistical and 
spectral characteristics about periods of oscillations, phase shifts, 
amplitudes allow to speculate why sometimes the oscillations in both straits 
are coherent and sometimes not. The available data base is not sufficient to 
argue clearly that coherence of oscillations in two straits of the Gulf of Riga 
is depending on generating force or on the origin of oscillations. 

THE EFFECT OF WATER FORMATION ON THE DISTRIBUTION OF 
OXYGEN AND NUTRIENTS IN THE NORTHERN AEGEAN SEA 

F. Sniivermeroylou and E. Krasakopoulou (both at: National Centre for 
Marine Research, 16604 Hellenikon, Greece) 

In the framework of the Open Sea Oceanography Research Program of 
NCMR, eight oceanographic cruises were performed from August 1986 to 
August 1989 in the Northern Aegean Sea. Nowadays, the oceanographic 
research jn the area is continued within the frame of the projects 
INTERREG and MAST 1H-MATER. In contrast to the low nutrient 
concentrations observed in the surface waters of the Eastern Mediterranean, 
the North Aegean Sea has relatively high concentrations in the area 
influenced by the inflow of Black Sea waters. More importantly, the signal 
of this surface input (created from both influx of Black Sea waters and the 
riverine inputs to the coastal areas) can even be traced into the deep sub- 
basins of the North Aegean Sea. Dense water formed in the shelf areas 
sinks, transporting organic and inorganic material from the surface to the 
deeper water layers. The concomitant respiration and decomposition 
produces nutrients (regenerated) at the expense of oxygen. The 
concentrations of nutrients observed in the deep layers of some of the deep 
sub-basins in the North Aegean Sea(N03: 3.3 uM, PO„: 0.15 uM, SiO,: 7.5 
uM) are higher than those generally observed in the Cretan Sea (N03: 2.8 
uM, P04: O.luM, Si04: 4.0 uM). It is also interesting to note that the 
preformed nutrients calculated in the usual manner, give positive values for 
the deep layers of these sub-basins, while negative values are found for the 
Levantine and Ionian Seas. 

MODEL INTERCOMPARISON STUDY FOR A THREE-DIMENSIONNAL 
IDEALISED TEST CASE. 

B   Tartinville. E. Deleersnijder (Institut dAstronomie et de Geophysique O. 
LemaTtre, University Catholique de Louvain, 2 Chemin du cyclotron, B-1348 
Louvain-La-Neuve, Belgium), 
P. Lazure (IFREMER, Laboratoire d'Hydrodynamique et de Sddimentologie, 
Centre de Brest, BP-70 Plouzane\ F-29280, France), 
R. Proctor (Proudman Oceanographic Laboratory, Bidston Observatory, 
Birkenhead, Merseyside L43 7RA, UK), 
K.G. Ruddick (Managment Unit of the North Sea Mathematical Models, 
Gulledelle 100, B-1200 Brussels, Belgium) 
and R.E. Uittenbogaard (Delft Hydraulics, Rotterdamseweg 185, PO Box 177, 
2629 HD Delft, The Netherlands). 

Several coastal ocean models have been used to compute the circulation on the 
North-west European Continental Shelf. Five of them, developed within the 
European Union, are compared in the scope of an idealised three-dimensional test 
case, dealing with the geostrophic adjustment of a freshwater' cylinder. As the 
central eddy adjusts, unstable baroclinic vortices start to grow. All the models are 
able to produce such unstable vortices. However, two of them produce an order- 
two instability, which is. in accordance with a previous laboratory experiment, 
while the others exhibit an order-four instability. Using a simple scaling analysis, it 
is seen that the azimuthal wavenumber depends on the ratio of the kinetic energy to 
the available potential energy. It appears that the discrepancy in the azimuthal 
wavenumber is mainly due to the effect of the discretisation of the horizontal 
advection of momentum which could produce a significant decrease of the total 
kinetic energy. 

I 

NUMERICAL SIMULATION OF THE INTERNAL TH>E EVOLUTION ON 
THE NORTH-WEST SHELF OF AUSTRALIA 

Tatjana Talipova (1), Efim Pelinovsky (1) and Peter E.Holloway (2) 
(1) Institute of Applied Physics, 46 Uljanov Str., Nizhny 
Novgorod, 603600, Russia; email: tata@appl.sci-nnov.ru, 
(2) School of Geography and Oceanography, University College, 
UNSW, Australian Defence Force Academy, Canberra, ACT 2600, 
Australia; email: p-holloway@adfa.oz.au 

A numerical solution to the generalised Korteweg - de Vries (gK-dV) equation is used 
to model the evolution of an initially sinusoidal long internal wave, representing an 
internal tide. The gK-dV equation includes quadratic and cubic nonlinearity, the 
Earth's rotation, dissipation in the bottom boundary layer, and horizontal variability of 
density stratification and depth. The coefficients of this equation are calculated using 
observed conditions for the North-West Shelf of Australia. It is shown that the Earth's 
rotation is important for modelling of the internal tide on the NWS. Results of the 
numerical simulations are compared with observations of the internal wave field on the 
NWS which show many of the features produced by the gK-dV equation. 

TIDAL DYNAMICS OF THE NORTHERN ADRIATIC SEA. 
COMPARISON OF MEASUREMENTS AND MODEL RESULTS 
IN THE GULF OF TRIESTE. 

D. Viezzoli (1) and V. Malacic (2) 
(1) Osservatorio Geofisico Sperimentale - Trieste, P.O. Box 2011 Opicina - 
J4016 Trieste, ITALY, (2) National Institute of Biology.Marine Station Piran, 
Fornace 41,Piran 6330,Slovenia. 
dviezzolieog«.trieste.it/Fax: [40] 2140 266 

Tides in the Northern Adriatic Sea were examined using the 2D finite difference 
model (TRIM - Tidal, Residual, Intertidal Mudflat by Casulli). 
The tuning of the model consisted in searching, for the seven main constituents, 
the better open boundary tide phase conditions expressed as a third degree 
polynomial of the spatial coordinate on the open boundary itself. The com- 
parison between observed and model level was made at four ports within the 
model domain. The RMS modulus of the vectorial difference was less then 1.3 
cm at Trieste. 
The main characteristics of the tide in the Northern Adriatic Sea revealed by 
the model are shown with particular regard to the Gulf of Trieste. Here the 
comparison between the model values and the experimental results in winter 
1984-85 and spring 1985, shows a good agreement. 
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BLACK SEA COASTAL ZONE DYNAMICS 
BY SATELLITE REMOTE SENSING DATA 

Maria Zoran 
Institute of Optoelectronics, Atomistilor 1..PO Box MG 22 
Bucharest, Romania; e-mail: maria@ifaz.sfos.ro 

By using of potential of merging satellite remote sensing data in 
optical range Landsat MSS and TM as well as radar data provided by 
SAR ERS-1 satellites together "in situ " data are identified and 
mapping sea coastal zone spatio-temporal changes. A 
methodological procedure assisted by different algorithms and 
models was applied to satellite data. 
Monitoring of Black Sea and Danube Delta coastal zone dynamics is 
an essential task to establish an integrated multipurpose program for 
managing Romanian Black Sea coastal zones. 

THE STOLPE CHANNEL OVERFLOW IN THE BALTIC SEA: THE 
OBSERVATIONS AND MODELLING 

V.M.Zhurbas, V.T.Paka, M.V.Anisimov, N.N.Golenko, M.M.Subbotina, and 
GA.Koshkosh 
Shirshov Institute of Oceanology, Moscow, Russia E-mail: zhurbas@glasnet.ru 

We examine a number of closely spaced CTD transects across the Stolpe Channel, 
measured under different weather conditions, to investigate the variability of the 
thermohaline structure of overflow water. When the wind, regardless of its direction, 
is weak, moderate, or fresh, the transects show a fan-like divergence of isopycnals 
approaching the southern slope of the channel, and a displacement of the densest water 
toward the northern slope. Under gale winds from the west-south-west, this observed 
divergence disappeared. We speculate that these features result from a double-cell 
circulation across the channel induced by Ekman transport at a sloping boundary and 
that they occur when the overflow water is moving east while the flow in the upper 
layer has the opposite direction. To verify our speculations, a 3D numerical model 
simulating the wind-driven circulation in the Stolpe Channel has been developed using 
the well-known Princeton code (Mellor, 1993). When a gale wind from the east is 
applied to computational domain, the model generates the fan-like structure of 
isopycnals in the channel except its western part, just in accordance with the 
observations. When we switch off the bottom friction, the fan-like structure is not 
produced. This make us confident that the observed structure of overflow water in the 
Stolpe Channel is controlled by Ekman transport at sloping sea bottom. 

OA6 Dynamics of the polar ocean and its coupling to 
sea ice 

Convener: Willmott, A.J. 
Co-Convener: Lemke, P. 

SPECIALITIES OF THE FLEXURAL-GRAVITY WAVE 
PROPAGATION THROUGH THE RUPTURE 

IN THE ICE FIELD 
Aleksei E. Bukatov, Dmitry D. Zav'yalov 

Marine Hydrophysical Institute 
of Ukrainian National Academy of Sciences 

The effect of the rupture in the ice field on the propagation of sur- 
face waves in a basin of finite depth is considered. The dependence of 
amplitudes of the wave disturbances formed in front of the rupture and 
behind it on the period of wave running onto the rupture, ice cover char- 
acteristics and basin's depth is investigated. The structural features of 
the ice bend are showed for different boundary-contact conditions at the 
rupture modelling the crack in ice or overlaying of the ice floes. It is 
shown that the waves of small periods pass through the floes' overlaying 
more effectively than through the crack between them. However, there 
appears the opposite phenomenon within the mean period range. 

_ The ice compression introduces not only quantitative but also quali- 
tative corrections into the distribution of the amplitude coefficients over 
the period of incident wave. When the compressing forces are absent, 
satisfaction of the floes' overlaying condition makes the full transmission 
of the waves of short periods impossible despite the probability of such a 
phenomenon under condition of the crack. In addition, when the ice has 
different thicknesses on both sides of its mentioned non-uniformities, the 
reflection coefficient does not depend on what a side of the floes' contact 
line the flexural-gravity wave is incident from. 

THE BROKEN ICE EFFECT ON THE PROPAGATION 
OF SURFACE WAVES OF FINITE AMPLITUDE 

Aleksei E. Bukatov, Anton A. Bukatov 

Marine Hydrophysical Institute 
of Ukrainian National Academy of Sciences 

The influence of broken ice on the traveling periodic surface waves 
of finite amplitude in the sea of constant finite depth is considered. The 
uniform asymptotic expansions up to third degree are obtained for the 
fluid velocity potential and elevation of the basin's surface. Basing on 
them, an analysis of dependence of the wave disturbances on the ice 
conditions and characteristics of initial main harmonic is fulfilled. It is 
shown that non-linearity displays the ice effect even on the long waves. 
In this connection, such an effect manifests mainly in the phase shift 
of the wave disturbances, and amplifies with time. Neglect of the non- 
linearity of vertical acceleration of floating ice floes leads also to the 
phase lag and weak decrease in the wave amplitude. 

Estimated is the contribution appearing in non-linear addenda to 
the wave disturbances when the horizontal gradient of the first approxi- 
mation to the basin's surface elevation is taken into account in expression 
for the velocity horizontal component. It is determined that corrections 
introduced to the second approximation manifest only via the dynamic 
boundary condition, at the same time in the third approximation they 
manifest both via kinematic and dynamic conditions. 

An analysis of influence of the ice on the mean non-zero transport 
of the fluid particles in a non-linear wave is carried out. 

SURFACE WAVES RUNNING ONTO 
THE BOTTOM'S STEP IN THE SEA WITH ICE COVER 

Aleksei E. Bukatov, Vladimir V. Zharkov 

Marine Hydrophysical Institute 
of Ukrainian National Academy of Sciences 

The normal incidence of the surface waves of small amplitude from 
the deep-water area onto the bottom's step in the sea with floating ice 
is considered. The wave motion on both sides of the step is assumed 
to be potential. The nonleaking condition is satisfied at the bottom 
(behind the step) and at the step's wall. In front of the step, we require 
the disturbance damping with depth. The equation of the ice plate 
oscillations is assumed as a boundary condition at the ice-water contact 
interface. 

The problem is reduced to the system of algebraic equations for 
the amplitudes of transmitted, reflected waves and near-step evanescent 
eigenmodes. Its numerical realization is carried out in the case of broken 
ice. The dependence of the amplitude coefficients and phase shifts of re- 
flected and transmitted waves on the ice thickness is studied. The width 
of zone of manifestations of disturbances caused by evanescent modes is 
estimated. The ice effect on the disturbance modifications with distance 
to the step is considered. It is shown that the effect of floating ice on the 
formed disturbance characteristics appears mainly at the incident wave 
frequencies whose magnitude degrees are comparable with those of the 
ice buoyancy frequency. The ice decreases the magnitude of the reflec- 
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ANNUAL VARIABILITY OF CARBON FLUX IN THE UPPER GREENLAND SEA, 
AS EVALUATED FROM MEASURED DATA AND A BOX MODEL. 

I.(V Anderson (1,3). M. Chierici (1), A. Franssön (1), H.Drange (2),T. Johannessen 
(3)andI.Skjelvan(3) .      . 
(1) Analytical and Marine Chemistry, Göteborg University. Sweden, 
(2) Nansen Environmental and Remote Sensing Center, Bergen, Norway, 
(3) Geophysical Institute, University of Bergen, Norway. 
leif@mc.chalmers.se/Fax: +46 31 772 2785 

Measurements of nutrient, oxygen and the carbonate system parameters performed since 
1970 have been used to estimate the evolution of the concentration fields over the year 
in the surface mixed layer (SML) and underlying water in the central[Greenland Sea. 
ThU together with synoptic surface wind data from the NCEP/NCAR reanalys.s 
oroiect, is used to evaluate the vertical mixing, the biological production and decay as 
well as the air-sea exchange of C02. In the end of the winter season, the vertical mixing 
dominates the change of the nutrient concentration in the SML. The mixing factor 
estimated for this season is used for the whole winter season (sigma < 0.1 between the 
SML and underlying water) to compute the addition of chemical constituents to the 
SML from below. The residual nutrient concentration change, after the mixing 
contribution is subtracted, is attributed biological production or decay By applying 
appropriate ratios of nutrients to carbon and oxygen for the biological Pr°c«ses, the 
apparent concentrations without any air - sea exchange ,s achieved. The difference 
between these apparant concentrations and those measured are compared and discussed 
ta relation to the air - sea exchange computed from the wind field and the measured 
carbonate system. The computations are performed with a one day resolution and the 
advective contribution is neglected, as the horizontal gradients ,n the central Greenland 
Sea gyre are small. This presentation is a contribution within the MAST UI project 
ESOP-2. 

STABILITY OF DARCY CONVECTION IN BRINE WITHIN SEA ICE 

A^c^Äic Research Institute, 38 Bering Street, 199397 StPetersburg, 
Russia, Fax:(812)352 2688, E-mail:bekryaev@aan.nw.ru 

The onset of Darcy convection in a compressible brine saturated sea ice in the 
presen« of tempemture and salinity vertical gradients has been mvestigated. nthe 
defm"tion of the problem the Dufour and Soret effects were taken «.to account The 
cSvalued^parameters were found by analyzing spectrum of lmea,■convive 
Sons. The limits of monotonic and oscillatory instabthty domams w,* respected 
to tongitudinal perturbation has been defined. The bnne compressib.Ury has been 
deSined to increase significantly the stability relatively osc.llatojr^rturbatrons 
however it has no influence on the evolution of monotonic ones. Means of die .ce 
Seal permeabilities are of two-three orders lower than those obtained n a 
Cework™ Boussinesque model. For a special case of brine incompressib.l.ty a 
SaTof Par^neters corresponding to double-diffusive instability in bnne was 

described. 

PECULIARITIES OF THE ICE DRIFT IN THE ARCTIC BASIN 

VS. Arkhipkin (1), K.I. Diordiev (1) 
(1) Department of Oceanology, Moscow State University 
arkhip@ocean.geogr.msu.su 

Scientific research presented in this work is based on the results of 
investigations being carried out within the International Arctic Bouy Program 
"iABToErused in this work was obtained from 378 buoys for 1979-1994 
period.' Based on this data annual and seasonal drifting ice velocity'fields 
Were created. Average speed of 0,01 m/s corresponds to the speed of 315 km 
~r year. The highelt values (1,45 m/s) were registered m the area of the 
geertand Sea, lie lowest (7,97xlOE-5 m/s) - in Oje area of Canadian 
Archipelago. Fields of kinetic energy were mapped for the areasbest 
provided gwith the data. The highest values (up to 2 ^/s^jre found 
close to the eastern coast of Greenland while throughout the whole basin *e 
values are two orders less (from 0,001 to 0,05 m*2/f2). Along the axis of the 
transarctic drift and in the area of cyclonic circulations to the north of Franz 
Josef Land local maximums of values can be observed. According to these 
kinetic energy fields it is possible to define 3 regions: northern part of the 
Greenland Sea., the zone of anticyclonic circulation in the Beaufort Sea and 
the central part of the basin. The results of the spectral analysis of monthly 
mean values of kinetic energy for all three regions enable to point out the 
northern part of the Greenland Sea. Only in this area oscillation was 
registered with the period of 4-5 years. The region is probably involved m 
the Northatlantic autooscillation system. In the area of theBeaufort Sea its 
own oscillation was registered with the 3,2 years period. On the whole the 
highest values and repeatability of spectral densities are related to the band 
of frequencies corresponding to the range of periods of 1-1,5 years. 

A COMPARISON OF ICE DRIFT SIMULATIONS IN THE GULF OF 
ST. LAWRENCE USING LAGRANGIAN AND EULERIAN MODELS 

Tom Cameras CIS 
Canadian Ice Service 
tom.carrieres@ec.gc.ca 

MohamedSayedNRC 
National Research Council 
mohamed.sayed@nrc.ca 

This paper examines the performance of ice drift models using Lagrangian 
and Eulerian formulations. One model is based on a discrete element 
approach, which solves the equations of motion for individual ice floes. 
The ice cover is modelled as an ensemble of random-sized inelastic disks. 
The second model is based on a Smoothed Particle Hydrodynamics 
formulation, where the ice cover is represented by an ensemble of discrete 
particles. The rheology of the ice cover is represented by a Mohr-Coulomb 
criterion. The Eulerian model is the operational model employed by the 
Canadian Ice Service and includes a viscous plastic rheology with multiple 
ice categories. The models are used to simulate ice movements in the Gulf 
of St. Lawrence. Wind and ice chart data from the spring of 1997 are the 
primary model input data. The models will be evaluated by comparing the 
results from a series of simulations to available observations. 

MODELLING OF ATMOSPHERE - SEA ICE INTERACTION IN 
THE REGION OF MEDIUM-SIZED POLYNYAS 

G. Birnbaum 
Alfred-Wegener-Institute for Polar and Marine Research 
gbirnbau@awi-bremerhaven.de/Fax:+49-471-4831-425 

The nonhydrostatic atmospheric model METRAS is coupled to a new devel- 
oped mesoscale dynamic-thermodynamic sea ice model. The coupled model 
can be used on a spatial scale up to 300 km and a time scale up to 1 week. The 
sea ice model has several ice thickness classes. For calculating the turbulent 
fluxes over the heterogeneous ice-water-surface a flux averaging method is ap- 
plied The modelsystem is used to simulate the flow of cold air over polynyas^ 
It is shown that large turbulent fluxes of heat and momentum over polynyas of 
diameters up to 100 km cause a very heterogeneous wind field. It is character- 
ized bv a large vortex on the downwind side of the polynya. In this area the 
near surface wind speed is considerably reduced. The position of the polynya 
changes and due to convergent ice drift its horizontal extension decreases. In 
consequence of that the wind field is gradually homogenizing. Furthermore the 
freezin» of a polynva is simulated. Even a thin layer of new ice reduces the 
heat transfer from the ocean into the atmosphere to such a high degree that 
the vortex on the downwind side disappears and the near surface wind speed 

Synoptic modelling of winter seaice in the Bellingshausen Sea 

W M Cnnnollev. T. Lachlan-Cope, G. J. Marshall, S. Leonard, J. Turner 
British Antarctic Survey, High Cross, Madingley Rd, Cambridge CB1 OET. UK. 
wmc@bas.ac.uk 

We present results of modelling the seaice response to atmospheric forcing in the 
Bellingshausen Sea. The period chosen for study was 45 days in July and August 1993. 
Observations (SSM1) show a rapid retreat, partial «advance and retreat, followed by an 
advance past the original ice edge. We are interested in how well a standard seaice model 
(the Alfred-Wegner Institut model; known to reproduce the seasonal cycle well) responds 
to synoptic forcing. The model is forced 
with 10m winds and 1.5m temperatures from UKMO and ECMWF analyses; cloud cover 
and radiation is from climatology. Initial results using the UKMO analyses for forcing 
were disappointing, with the model showing little of the rapid retreat/advance seen from 
SSMI. Simplistic calculations assuming ice motion at 2.5% of wind speed indicated that 
the ice retreat observed was too fast for the winds imposed; the temperatures were too 
low to allow thermodynamic retreat. We then tried a number of sensitivity experiments 
using ECMWF forcing, removing thermodynamics, and rescaling the winds for 
consistency with scatterometer winds. These result in a significant improvement in the 
simulation and allow us to determine what processes are most important accurately 
simulating the movement of the ice edge. 
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SEDIMENT ENTRAINMENT INTO ICE VIA SUSPENDED ICE CRYSTALS 

&LEJdävä£(l),T.Utnes(I) 
(I) NTNU Department of Structural Engineering, Trondheim, Norway 
karl.eidsvik@bygg.ntnu.no 

Sediment transport over large distances is usually a very slow process. However if 
sediments are entrained into ice, which is consistent with experimental evidence 
they could be transported effectively over large distances. In rivers contaminated 
sediments could be entrained into the ice during the winter season and transported to 
the ocean bottom in the spring. There the sediments could be re-entrained into the 
sea ice the next winter and transported hundreds of kilometers before being released 
by melting. Sediments from the river outlets in the Kara Sea could be transported to 
the Svalbard-Greenland area in a few years. 

The possibility of sediment entrainment into ice via suspended crystals is studied by 
means of a numerical model. The model is based upon Reynolds Equations with 
turbulence-, ice generation - and coagulation-closures chosen to be as standard, 
simple and robust as possible. It is expected to be most accurate for well mixed 
flows, which should be most interesting when there are suspended sediments Since 
the experimental evidence is weak, the modelling of the ice-sediment coagulation 
process must necessarily be associated with significant uncertainty. Provided that a 
coagulation coefficient is reasonably large, the model predicts that the sediment-into- 
lce entrainment process may be efficient even in wind forced flows. 

LARGE SCALE ATLANTIC OCEAN RESPONSE TO HIGH LATI 
TUDE ATMOSPHERIC FORCING IN A COUPLED OCEAN-SEA 

R. Gerdes and C. Koeberle 
Alfred-Wegener-Institut, D-27570 Bremerhaven, Germany. 
rgerdesOaHi-bremerhaven.de/Fax: [49] 471 4831 827 

Variations in high-latitude atmospheric forcing affect the large scale oceanic 
circulation through modifications of deep water formation in different ways. 
Here we focus on the role of sea ice and fresh water transports from the Arctic 
Ocean. 
With an oceanic general circulation model of the Atlantic and the Arctic Ocean 
coupled to a comprehensive sea ice model we conduct a series of numerical 
experiments that differ in the variability of the surface forcing. We compare 
results with variable atmospheric forcing over the whole domain with results 
where the variability is restricted to high latitudes. We identify the spatial as 
well as the temporal relationship between high latitude events and the response 
in the mid-latitudes of the North Atlantic. 

POLYNYAICAL INVESTIGATION OF THE ROSS SEA 

T. Fichefet and H. Goosse 
k^Vi* d'Astr0Il0mie et de Geophysique G. Lemaitre, 
B-1348 Louvain-la-Neuve, Belgium 
fichefetfflastr.ucl.ac.be 

Each spring, a polynya of relatively large size is observed over the conti- 

SSf f'rt ]H xr0SS Sev• T.he ice 8tarts t0 retreat do«* the R°" ice shelf at the end of November-beginning of December. The retrait then 
progresses northwards, producing a wide ice-free bay surrounded bv ice 
In January, the polynya joins the "outer" ice edge which progresses more 
?«l1C,aÄyA°.utKards-. D<Tte the coarse horizontal resolution used 
[I JS ('• C"S ,.tu5e " T" reProduced by the TJCL global ice-ocean 
model which results from the coupling of a free-surface ocean general cir- 
^5 ?nm I V?',h a comPrekensive thermodynamic-dynamic sea-ice 
model. We have taken this opportunity to analyse in detail the mecha- 
nisms responsible for the polynya formation in the model. This analysis 
suggests that the wind-induced ice export out of the Ross Sea conti- 
nental shelf is the major cause of the polynya opening as well as of the 
lower ice compactness observed during winter in the polynya sector The 
weaker ice divergence (particularly in summer) over the eastern side of 
the shelf explains why the area remains ice covered all winter long there 
Warm water intrusions on the shelf seem also to take an important part 
m the polynya formation. They limit the ice thickness in winter and 
induce melting in summer. When their effect is not accounted for, the 
model is unable to generate a polynya. 

INFLUENCE OF SEA-ICE-OCEAN INTERACTIONS ON 
THE OCEAN GENERAL CmCULATION 

H. Goosse and T. Fichefet 
Institut d'Astronomie et de Geophysique G. Lemaitre 
B-1348 Louvain-la-Neuve, Belgium ' 
fichefet®astr.ucl.ac.be 

Sensitivity experiments are conducteb" with a global ocean-sea-ice model 
in order to determine to what degree sea-ice-ocean interactions control 
the circulation of the World Ocean. The model results from the coupling 
of a free-surface ocean general circulation model with a comprehensive 
thermodynamic-dynamic sea-ice model. The coupled model has a hori- 
zontal resolution of 3° x 3°, and there are 20 vertical levels in the ocean 
The forcing consists of surface fluxes of heat, freshwater, and momen- 
tum derived from ckmatological atmospheric data. The sensitivity runs 
performed with the model suggest that the large-scale ice-ocean inter- 
actions have nearly no influence on deep-water formation in the North 
Atlantic. In the Southern Hemisphere, both the exchanges of heat and 
freshwater between ice and ocean seem to take an important part in the 
production of deep water and in the determination of the water-mass 
properties. The brine release during ice formation over the Antarc- 
tic continental shelf increases significantly the salinity there and thus 
favours the sinking of dense water along the continental slope. In some 
other regions as the southwestern Pacific, net ice melting caused by ice 
convergence forbids deep mixing. The contact with the ice also imposes 
that surface waters are very close to their freezing point, this property 
being important for determining the density of the Antarctic Bottom 
Water. 

DYNAMICS OF ATMOSPHERE - SEA ICE INTERACTIONS AT 
DIFFERENT RESOLUTIONS IN A SIMPLE GCM 

$■ g*"™. C. Tansley and I.N.James (Dept. of Meteorology, University of Read- 
ing, gilles@met.reading.ac.uk/Fax: +44-(0)l 189-318905) 

This work uses a "simplified" global circulation model in which a sophisticated 
dynamical scheme is married to idealized representations of friction heating 
and sea ice dynamics. We have implemented a variable horizontal mesh per- 
formed by choosing a high-resolution pole (the South Pole), then applying a 
conformal transformation to increase the resolution in the area of interest. We 
present some preliminary results in which we compare simulations with and 
without this variable grid. These results will focus on feedback between the sea 
ice cover and individual baroclinic systems. 

THE FRESHWATER LAYER IN THE GREENLAND SEA 

K. Grotefendt and J.O. Backhaus (Institut filer Meereskunde, Troplowitzstr. 
7, D-22529 Hamburg, Germany, grotefen@ifm.uni-hamburg.de) 

The inter - annual distribution of the freshwater layer in the Greenland 
Sea plays an important role in preconditioning deep convection. The 
space - time variability of the freshwater layer was determined from 
salinity measurements of 17 cruises to the Greenland Sea between 
1986 and 1997. The 34.65 isohaline was chosen to identify the 
thickness of the freshwater layer. 
The total freshwater content was calculated for a representative box in 
the central Greenland Sea relative to 34.93 and compared with model 
estimates of ice flux through Fram Strait. 
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ATMOSPHERE-SEA ICE-OCEAN FLUXES IN SIMIP RUNS 

M. Harder, P. Lemke and M. Hilmer 
Institut für Meereskunde Kiel, D-24105 Kiel, Germany. 
mharder9ifrn.uni-kiel.de/Faxt [+49] 431 56 58 76 

The Sea Ice Model Intercomparison Project (SIMIP) is a WCRP/ACSYS 
project that aims to determine the optimal representation of the sea ice compo- 
nent in coupled climate simulations. A hierarchy of sea ice models of differing 
complexity are driven with the same forcing and on the same grid. Simula- 
tion results (ice thickness, extent, drift, roughness, age) are compared with a 
standard verification data set based on a large number of observations (ice 
drift buoys, remote sensing, field measurements). The first stage of SIMIP 
investigates the effect of sea ice rheology on the state of and the fluxes at 
the atmosphere-ocean interface, such as net freezing rate, ice-ocean and ice- 
atmosphere heat fluxes, and surface temperature. Also, differences in the vari- 
ability of the different models in response to external forcing are studied by the 
means of empirical orthogonal functions. These results are presented for the 
model hierarchy, and the significant differences found between the different The- 
ologies are pointed out. Thus, the choice of sea ice rheology which modifies sea 
ice dynamics is shown to have a considerable impact on the ocean-atmosphere 
fluxes in climate simulations. A comparison of sea ice drift simulated by the dif- 
ferent models with a large number of drift observations obtained from ice buoys 
and remote sensing shows that an improved viscous-plastic rheology yields the 
most realistic simulation. 

EVIDENCE OF THE COUPLING A HUGE ICE EDDY AND SYNOPTIC 
VARIABniTY OF ANTARCTIC OCEAN CDICULATION 

Victor V. Ionov[l], Georgy A. Tourochov[2] 
[1] Department of Oceanology, St Petersburg State University, 
[2] Arctic and Antarctic Research Institute (AARI) 
e-mail: victor@victor.usr.lgu.spb.su 

During the last ten days of June 1997 in the Antarctic zone of the Southern Ocean on 
the border Lasarev and Weddell Seas an interesting phenomenon took place. In 
according to satellite IR- images from NOAA-12,14, received at the Russian Antarctic 
Meteorological Centre "Molodiozchnaja", a huge ice eddy occurred at the edge of the 
sea ice. The appearance, development and decay of eddy with clockwise rotation and 
diameter about nine hundred kilometers continued just three days. The potential 
reasons for a such drastic change in the sea ice cover are discussed. A plausible 
explanation is the interaction with a water jet of Antarctic Circumpolar Current (ACC). 
As an indirect indicator of synoptic and meso-scale variability of ACC activity the 
southward manifestations of the sea ice fringe are used. 

Recent variability of Antarctic sea-ice concentration and its physical causes 

Abstract submitted to EOS Nice 1998 Session 0.46 "Dynamics of the polar ocean and its 
couplings to sea ice " 

Results are presented of hemispheric and regional variations in Antarctic sea-ice 
concentration, focusing especially on the Weddell. Bellingshausen-Amundsen and Ross Seas' 
regions, over the whole of the SSM/l'passive microwave satellite dataset including the most 
recent available data (July 1987 into 1997). These data have been derived from raw brightness 
temperatures using an improved algorithm which has been carefully re-parameterised for 
seasonal Antarctic conditions and to allow for changing satellite retrieval characteristics. The 
results of validation against infra-red (AVHRR) and radar altimetry (GEOSAT) data are 
shown. 

Comparison with re-gridded climate reanalyses field data including surface pressure, 
temperature, wind, precipitation, latent and sensible heat flux and total cloud cover, has 
revealed the extent of mutual sea-ice/atmosphere couplings. Modified theories, in the light of 
these findings, regarding (i) the relative importance of thermodynamic and dynamic processes 
driving sea-ice and (ii) sea-ice/ocean/atmosphere/climate interaction and feedbacks, are also 
presented. The relative importance of several possible global climatic forcing factors 
including ENSO, the Indian Monsoon and solar variability modulating Antarctic sea-ice on 
the interannual timescale, and the modifying influence of Southern Ocean dynamics, is briefly 
discussed. 

ANNUAL MEAN SURFACE FLUXES IN POLAR REGIONS SIM- 
ULATED WITH REMO 

R. Jürrens 
Institute of Marine Research, University of Kiel, Düsternbrooker Weg 20,24105 
Kiel, Germany. 
rjuerrensCifm.uni-kiel.de/Fax: [49] 431 565876 

For realistic simulations with a coupled atmosphere - sea ice model both model 
components have to yield quantitatively convincing results in uncoupled mode. 
Especially surface fluxes should be represented accurately because of its direct 
interaction with sea ice. 
In preparation for a coupling of the atmospheric model REMO with a viscous- 
plastic sea ice model, the atmospheric model has been integrated uncoupled 
mode for' one year over the high northern latitudes in order to validate the 
model results. Forcing data for REMO were taken from the ECHAM 4 AMIP 
run. ■ 
Although basic structures e.g. in annual mean 2m temperatures are represented 
fairly well, a quantitative comparison with NCEP/NCAR reanalysis data shows 
significantly higher temperatures in certain arctic regions. The reason for these 
discrepancies are relatively high polar air temperatures in the forcing data. Mo- 
mentum flux, which is the dominant force for sea ice drift, shows qualitatively 
good results compared with observations. The winterly iceland depression is 
simulated fairly well which results in an acceptable flow regime. 
It follows that the performance of the regional atmospheric model is to a large 
degree dependent on the quality of the forcing data. 

I 

VARIABniTY OF A 40-YEAR SIMULATION OF THE ARCTIC 
SEA ICE COVER 

M. Hilmer, M. Harder and P. Lemke 
Institut für Meereskunde an der Universität Kiel, D-24105 Kiel, Germany. 

The interaction between atmosphere and ocean in polar regions is investigated 
with a dynamic-thermodynamic sea ice model. The model is integrated over 40 
years with a daily time step. 
Daily fields of wind and temperature for the period 1957-1996 derived from the 
NCEP/NCAR reanalysis project are used as atmospheric surface forcing. The 
simulation results (sea ice thickness, extent, drift, volume export through Fram 
Strait) show high variability at all timescales. Annual means of the ice volume 
export through Fram Strait for different years differ by up to a factor of 2. 
Simulated values of ice export agree well with those derived from observations. 
The highest annual mean exports are found in 1968 and 1995. The time series of 
the sea ice extent and the melt rate within the Greenland/Iceland/Norwegian- 
Sea peak significantly in 1968, when the Great Salinity Anomaly was observed 
north of Iceland. Also, statistically significant correlations between the win- 
ter ice export and atmospheric circulation patterns, e.g. the North Atlantic 
Oscillation index, are found. 

USING OBSERVED AND SIMULATED IBI AND U7Cs DISTRIBUTIONS FOR 

TRACING ARCTIC OCEAN CIRCULATION 

M.J. Karcher (Bundesamt fir Seeschiffahrt und Hydrographie. Bernhardt-Nocht- 
Straße 78, 20359 Hamburg, Germany) 
I.H. Harms (Institut fir Meereskunde. Universität Hamburg, Troplowicstr. 7, 22529 
Hamburg. Germany) 
J.M. Smith (Bedford Institute of Oceanography, Fisheries and Oceans, Dartmouth, 
N.S., B2Y4A2, Canada) 

The radionuclides l21 and '"Cs have been released from the European reprocessing 
plants in Sellafield (UK) and La Hague (France) since the 1960s; In recent years, 
they have been used as tracers for the circulation of Atlantic Water in the Arctic 
Ocean. Due to different release functions and almost conservative behaviour in the 
water column, the mVwd tracer pair can be used to deduce tracer transit times 
from a reference point in the Norwegian Coastal Cureent since 1987. 
A proxy time series for ,MI and '"Cs concentrations at the reference point is used as 
a tracer source in an Arctic Ocean circulation model. The results for the period 
1965-1995 are compared with available observations. The simulated large scale 
patterns of ,MI and'"Cs concentrations in surface, halocline and Atlantic Waters are 
in good agreement with measurements from the central Arctic. Simulated tracer 
transit times compare well with the values derived from the measured '"I and '"Cs 
values. 
However, the model results disagree with high values of IMI in the Kara Sea, 
measured in the mid 1990s. In order to investigate this disagreement, an additional 
high resolution Kara Sea model is used to simulate the fine scale structure for "t 
and'"Cs distributions as a result of inflowing Atlantic Waters and potential river 
sources. 
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THERMOHALINE STRUCTURE AND MACROSCALE VARIABILITY OF 
THE ARCTIC OCEAN 

Koltvshev A/a\ S. Priamikov (a), L. Timokhov (a), R. Colony (b),T. Manley (c), 
J.Morison (d), and F. Tanis (e). 
(a) Arctic and Antarctic Research Institute, aaricoop@aari.nw.ru 
(b) International ACSYS Project Office, acsys@npoIar.no 
(c) Middlebury College, tmanley@panther.middlebury.edu 
(d) University of Washington, morisonapl.washington.edu 
(e) Environmental Research Institute of Michigan, tanis@vaxb. 

Using data from about 350,000 hydrographic stations throughout the Arctic Basin, a 
US-Russian team constructed gridded fields of temperature and salinity for four 
decadal periods (1951-60; 1961-70,1971-80, and 1981-90), see Joint US-Russian 
Atlas of the Arctic Ocean prepared by the Environmental Working Group of the 
Gore-Chemomyrdin Commission (winter period published in 1997; summer period 
in 1998). The analyzed fields are used to estimate the decadal scale variability and 
trends of the principal hydrographic variables (temperature, salinity, heat storage, 
and water mass characterization) for the surface, intermediate, and deep waters. 
Additionally, the interannual variability of the surface and halocline waters are 
studied using dynamic heights, depths of the upper boundary of the Atlantic waters, 
river run-off, sea level oscillations and ice conditions in the marginal Siberian seas. 

A MIXED-LAYER MODEL OF THE SOUTHERN OCEAN 
FORCED BY SATELLITE-DERIVED ICE CONCENTRATIONS 

Thorsten Markus, NASA/GSFC-UMD JCESS, Greenbelt, Maryland, U.S.A. 

The oceanic mixed-layer of the Southern Ocean plays an important role as the 
interface between the warm and salty deep water and the sea ice. Whereas over 
the continental shelf the water is generally well mixed, ice formation and re- 
sultant dense water formation is largely dependent on the entrainment of deep 
water into the mixed-layer. Antarctic-wide estimates are difficult to obtain be- 
cause in-situ measurements are sparse and computer models can not resolve all 
of the important smaller scale features such as coastal polynyas and small lead 
openings in the winter ice. The problem is that the large-scale wind fields used 
by computer models can not resolve small-scale divergences that result in areas 
of less ice coverage. Also small errors in near-surface air temperature can lead 
to significantly different ice extents. For these reasons, in this study of Southern 
Ocean mixed-layer properties, satellite passive microwave data from the Spe- 
cial Sensor Microwave/Imager (SSM/I) are used to characterize at a relatively 
high resolution (compared to models) the Southern Ocean sea ice cover. Tem- 
perature and wind fields from the European Centre of Mediumrange Weather 
Forecast (ECMWF) are used only to provide wind speed and temperature in 
the calculation of salt and heat fluxes. The combined data are used to run a 
bulk mixed layer model for the entire Southern Ocean. Deep ocean tempera- 
ture and salinity is obtained from the NOAA World Ocean Atlas. The results 
show significant regional and seasonal differences in the mixed layer properties 
(temperature, salinity, depth) consistent with the limited oceanographic mea- 
surements that are available. 

COUPLING PROCESSES IN HIGH LATITUDES IN THE IPSL GLOBAL 
COUPLED MODEL 

Y.LeClainche (1), P. Braconnot (1), 0. Marti (1) and S. Joussaume (1) 
(1) Laboratoire de Moderation du Climat et de l'Environnement, CEA/DSM, C.E. 
Saclay, France 
leclain@lmce.saclay.cea.fr/Fax: 33 1 69087716 

We analyze coupling processes in high latitudes from two simulations with the low 
resolution version of the IPSL (Paris, France) global ocean-atmosphere coupled 
model. No flux correction technique is used at the air-sea interface. The two 
simulations differ only by the representation of sea ice. The first one which is stable 
on 100 years uses a crude parametrization of sea ice. The second one includes the 
thermodynamic sea ice model developed at LODyC. 
The study focuses mainly on the Arctic basin, and discuss the impacts of different 
coupling processes on the dynamic of this basin : 

- sea ice behavior 
- fresh water budget, and especially impact of major Siberian river runoff 
- heat fluxes and joined feedbacks 
- atmospheric circulation and surface currents 
- link with the mid-latitudes 

In particular, we show in the first simulation an isolation of the Arctic basin and 
consequently a decrease of deep water formation in the North Atlantic. We also 
stress on the changes in seasonal cycle induced by the introduction of the more 
physical sea ice representation. 

VALIDATION OF A LARGE-SCALE SEA-ICE MODEL WITH 
SSM/I DERIVED SEA-ICE DRIFT FIELDS FOR THE ARCTIC 

T. Martin, M. Kreyscher and J. Kolatschek 
Alfred-Wegener-Institut für Polar- und Meeresforschung, D-27515 Bremer- 
haven, Germany. 
tmartin8awi-brenerhaven.de/Fax: [49] 471 4831 425 

Numerical models are used to simulate the Jong-term variability of the sea ice in 
the Arctic. To validate these models data fields with high spatial and temporal 
resolution are required. 
First, a method of determining the large-scale sea ice drift using 85.5GHz SSM/I 
data is presented. A cross-correlation method is applied to sequential images 
of gridded data covering the entire Arctic. The algorithm estimates the mean 
drift velocity with an accuracy better than lcms-1. Comparisons of individual 
correlation results with ice velocities measured from buoy data shows the re- 
liability of this method. The mean values and the variabilities of the ice drift 
derived from satellite data correspond closely with the buoy data. 
In a second step an optimized large-scale thermodynamic-dynamic sea-ice 
model is validated with the satellite data for the Arctic region. The atmo- 
spheric forcing of the sea-ice model is prescribed with data of the NCEP re- 
analysis program for the period from 1979 to 1995. Satellite retrieved ice drift 
and results from the numerical model are in a good agreement for periods from 
several days up to seasonal means. On this basis the sea-ice budget of different 
regions, especially of the Fram Strait, is calculated. 

The description of atmospheric surface layer-sea Ice- sea surface layer Interaction 
processes in climatic models. 

Alexander P. Makshtas, Sergey V.Shoutilin, Arctic and Antarctic Research Institute 
38 Bering Street,St.Petersburg,199379,Russia 

The results of numerical experiments with zero-dimensional thermodynamic and 
two-dimensional dynamic-thermodynamic models of sea ice cover on the accuracy of 
reproducing turbulent and radiation heat fluxes on both boundaries of snow-ice cover 
in comparison with experimental data are shown.lt is demonstrated that simple 
description of spectral absorption of solar radiation in leads together with 
Monin-Obukhov parameterization of turbulent heat fluxes and Konig-Langlo,Augstein 
parameterization of longwave radiation balance allow to receive a good agreement 
with observations of leads spatial distribution as well as temporal variability of mean 
water temperature in leads and heat flux from upper sea layer to the bottom of sea 
ice.Also the role of snow precipitation in sea ice growth and melting is investigated. 

TIME SERIES OF PC02, SST AND FLUORESCENCE DATA MEASURED BY 
CARIOCA BUOYS DRIFTING IN THE GREENLAND SEA BETWEEN 
AUGUST 1996 AND APRIL 1997. 

Liliane Merlivat. Maria Hood 
Laboratoire d'Oceanographie Dynamique et de Climatologie, CNRS, University 
Paris 6, Paris - e-mail: merlivat@lodyc.jussieu.fr; fax : (33) 1 44 27 71 59 

As part of the EEC - MAST program ESOP2, a Carioca buoy was deployed from the 
James Clark Ross at 75N - 3W on august 2, 1996. It drifted first in the Greenland 
Sea and then the Lofoten basin. Hourly measurements of PCO2, SST and 
fluorescence were made during its 6 months lifetime. Two other buoys were 
deployed in the Greenland Gyre in november 1996 and march 1997, with lifetimes 
of 9 and 35 days, respectively. 
The overall picture of PCO2 variations in the Greenland Sea Gyre over the period 
august 1996 - april 1997 is the following : 1) PCO2 values as low as 260 uatm are 
observed in early august, as a result of late spring or early summer biological 
pumping, 2) in the second half of august, a rapid increase of PCO2 up to 320 uatm 
is observed, concommitant with the cooling of the surface layer from 6°C to 4°C. 
Mixing with deeper layers enriched in CO2 is the cause of these observations, 3) the 
following measurements made between September 1996 and early april 1997, are 
distributed around a mean value of 310 uatm with a range of variation equal to +/- 
10 uatm. These results show that the Greenland Sea Gyre is a permanent sink for 
atmospheric CO2, throughout the whole year. The larger (PCO2 air-PC02 sea) 
gradient is observed during the summer months as a result of biological pumping. 
Air-sea CO2 fluxes are computed using the ECMWF wind fields prepared by the 
Danish Meteorological Institute. 
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A New Research Initiative for the Coupled Air-ice-ocean System in the 

Moto Ikeda and Jinro Ukita 
Frontier Research System for Earth Sciences, Tokyo, Japan 

The Arctic climate system has shown clear variabilities with various 
time scales, from seasonal to interdecadal. Its unique charactenstics 
obviously plays an important role in the climate change: sea ice and snow 
reflect short-wave radiation providing positive albedo feedback for climate 
chanqe, while the ice cover works as an insulator for the relatively warm 
ocean. The formation of sea ice results in the bnne rejection, which yields a 
water mass characteristic of high latitude regions. The Arctic Ocean has an 
important role for the global ocean. Deep water formed in theßreenland 
Sea is the largest water source of the global ocean, while its formation rate 
has been found to be reduced in the last decade. It appears that the ice 
exports, from the Arctic Ocean to the convective regions, prevent deep 
convection. The surprising change that has recently been found is the 
further intrusion of the Atlantic Water into the intermediate depth of the 
Arctic. This intrusion may yield significant reduction of the ice cover and 
make the upper Arctic water lighter. Arctic haze, vapor balance and polar 
vortex are thought to play important roles also. 

A new research initiative is just begun at the International Arctic 
Research Center (IARC) at the University of Alaska, Fairbanks. Frontier 
Research System for Earth Sciences is paritipating in thelARC as a 
significant component concentrating on the atmosphenc-ice-ocean part of 
the Arctic system. Frontier plans to tackle several selected processes 
important for Arctic climate change, simultaneously testingtheir effects on 
the climate change using ice-ocean GCMs and coupled atmospheric-ocean 
GCMs. Data assimilation is another tool to be used for analyzing past 
climate change and veryflng GCMs. 

LAPTEV'S SEA LEVEL VARIABILITY IN CONNECTION 
WITH GREEN HOUSE EFFECTS 

S. Nikiforov (1). N. Dunaev (2) 
(1), (2) Laboratory of Shelf and Coastal Studies, P.P.Shirshov Institute 

of oceanology, Moscow, Russia fax +7-095-124-59-83 

Taking into account the main features of previous palae coastal evolution, 
the expecting sea level uplifting connected with the green house effects 
could be compaired with palae changing during Sangamon time, Late 
Pleistocene (in Siberia - Kazantsev period). The real ground value will be 
connected with the total duration of wanning so as local geological and 
geomorphological features including permofrost spreading and 
neotectonical activity. Within some regions such as Anabar - Olenek area 
will widely increased thermoabrational processes (nowdays the 
degradation of the shoreline is more then 8 meter per year); at another 
regions - with sedimentary rocks and geological outcrops, the uplifting 
effects will be not so large and be fixed in some crosional terraces. 
According to our data the most intensive effects will be within Jana basm 
and Khatanga bays. Climate regime will come humidity with intensive 

thermofrost degradation and erosional activity. 

A MODEL FOR THE TIME EVOLUTION OF A LATENT HEAT 
POLYNYA ON THE LEE SIDE OF AN ISLAND. APPLICATION 
TO THE ST. LAWRENCE ISLAND POLYNYA 

M. A. Morales Maqueda and A. J. Willmott 
Department of Mathematics, Keele University, Staffordshire, ST5 5BG UK. 

The one-dimensional time-dependent model of a wind-driven coastal polynya 
developed by Pease (1987) and Ou(1988) is extended to two dimensions. The 
model solves for the evolution of the polynya edge as a function of the trans- 
ports of consolidated and frazil ice and the frazil ice production rate. All three 
variables are determined from prescribed wind velocity and radiative and tur- 
bulent heat fluxes at the surface. The model takes also into account the shape 
of the coastline, which dictates the actual geometry of the polynya edge. Ana- 
lytical solutions of the model are found for a simple island coastline consisting 
of ft straight segment of finite length. Two parameters are shown to be of fun- 
damental importance to characterise the shape and size of the polynya: the 
asymptotic polynya width, Lw, and the longshore adjustment lenghtscale, L„. 
The longth Lm determines the offshore equilibrium width of the polynya for 
a coastline of infinite length. The length £„ measures the sensitivity of the 
polynya edge to longshore variations in the coastline shape and, in particular, 
to its total extent. It is shown that if La is comparable to I„ the size of the 
polynya can be very different from that obtained by one-dimensional models. 
The model is applied to the study of mesoscale variability in the St. Lawrence 
Island Polynya. 

COASTAL GEODYNAMICS OF CHUKCHY SEA 

S Nikiforov m. N. Dunaev (2) 
(1), (2) Laboratory of Shelf and Coastal Studies, P.P.Shirshov Institute 
of oceanology, Moscow, Russia fax +7-095-124-59-83 

The Chukchy shoreline extention (with islands) is around 1600 km. Wave energy 
is the main dynamical factor and accumulative coasts occupy more men 50* of 
the total shoreline lenght Bars and bay bars are the typical relief that closely 
connected with the local neotectonical movements of different types. Lagoon 
coasts occupy the neotectonical downlifting areas in contrast with abrasional 
capes Within the area cape Shmidt - cape Vankarem the range of downhmng is 
increased from the west to the east. Geodynamical differences are fixed in the 
inner shelf too - at accumulative parts so as erosional ones. The accumulative 
parts have had 0,001-0.0009 (in tg) surface gradients with predominance of good 
sorting sands (So= 1.1-1.7) and the erosional are more deep (gradient 0,004-0,07), 
sediments more coarse (up to the gravel) and bad sorting (So= 4.1-1Z2) Palae 
shorelines are concentrated on the next seabed levels: 4-5 m; 8-12 m; 15-16 m 
(marine terraces, bars); 21-25 m (beaches, erosional palaerehef); 28-30 m; 31-36 
m and 40-45 m (large complex of relict forms). Shorelines at 31-36 m are dated 
about 11 000 - 12 000 years and at 40^J5m - 15 000 years. Our data have got a 
good correlation with the next regions (Sea of Okhotsk, Laptev Sea etc.) and 
reflect the global-processes of the last sea level rising. 

I 
SUBMARINE-BASED CURRENT MEASUREMENTS  IN THE ARCTIC 
OCEAN: SOME EARLY RESULTS 

R.D. Muench, J.T. Gunn and E. Johnson 
Earth & Space Research, 1910 Fairview E., Suite 102, Seattle, WA 98102 USA 
rmuench@esr.org/Fax: +1-206-726-0524 

Research cruises were carried out in the central Arctic Ocean aboard USN 
submarines in autumn 1996 and 1997 under the auspices of the Scientific ICe 
Expedition (SCICEX) program. An upward-looking 150-kHz acoustic doppler 
current profiler (adep) was hull-mounted for each cruise and continuously measured 
vertical current profiles from the cruising depth, typically 100-200 m, upward to the 
sea ice cover. Ancillary water property data were collected by a continuously 
recording conductivity/temperature/depth (CTD) system mounted atop the sail and 
by expendable CTD (XCTD) traces obtained at regular intervals from the surface 
down to about 1000 m depth. The current data provided vertical current shear 
across the cold nalocline and will be used in conjunction with the CTD data to 
estimate vertical turbulent heat fluxes for different parts of the Arctic Ocean. The 
data also allowed detection of mesoscale eddies along the cruise track, providing an 
estimate of the eddy density. Two eddies were surveyed, one during each of the two 
field seasons. These features had ring-like characteristics with maximum tangential 
speeds exceeding 20 cm/s and warm cores. Ongoing analyses of the entrapped 
water characteristics and internal structure will yield information on sources and 
local influences on ocean mixing. These studies are intended to yield information 
on the heat budget and ventilation of the interior Arctic Ocean. 

ARCTIC SEA ICE VARIABILITY 

C L Parkinson, D. J. Cavalieri, P. Gloersen, H. 3. Zwally, and J. C. Comiso 
Laboratory for Hydrospheric Processes, Code 971 NASA Goddard Space Flight 
Center, Greenbelt, Maryland 20771, USA don@cavalieri.gsfc.nasa.gov 

Analysis of 18.2 years of passive microwave satellite data, from October 1978 through 
December 1996, reveals an overall decrease in Arctic sea ice extents, although with 
strong regional, seasonal, and interannual variabilities. Regionally, the most striking 
decreases occur in the Sea of Okhotsk and the Kara and Barents Seas, with smaller 
decreases of statistical significance in the Arctic Ocean, the Greenland Sea, and 
Hudson Bay. The only region showing a statistically significant increase is the Gulf of 
St Lawrence. Seasonally, while there is a decrease in total ice extent during all 
seasons, the greatest decrease is in spring, the second greatest in summer. All regions 
show interannual variabilities, with those in the Greenland Sea and the Kara and 
Barents Seas, two regions under the influence of North Atlantic storm systems, being 
particularly high. Overall, the decrease in Arctic ice extents averages 2.7+0.4% per 
decade, with a predominant periodicity of about 5 years. 
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SENSITIVITY STUDIES FOR MODELING THE GIN AND BARENTS SEA« 
WITH NORTH ATLANTIC AND ARCTIC MODELS 

S.Piacsek», A.Warn-Varnas*+, D.Stark» and A.Mehra$ 
♦Naval Research Laboratory, Stennis Space Center, MS 39529, USA.US 
+SACLANT Centre.19100 La Speziajtaly 
SMississippi State University, Stennis Space Center 

piacsek@nrlssc.navy.mil 

The GIN and Barents Seas regions have been modelled usually as part of North 
Atlantic, global or Arctic simulation efforts. The North Atlantic and global studies, 
using mainly spherical grids, suffer from a latitude limit or polar inaccuracies. The 
Arctic studies, using either rotated spherical or polar stereogf^phic grids, suffer from 
inadequate boundary conditions in the Atlantic boundary portions. This study has 
compared spherical North Atlantic and polar stereographic Arctic simulations that had 
approximately the same resolution in the Fram Strait or in the Iceland-Faroe Channel. 
In general, the Arctic simulations do not represent well the various branchings of the 
North Atlantic Inflow Current, and the Atlantic simulations yield weaker East 
Greenland and Jan Mayen Currents. A coupled model improves on both current 
systems, despite coupling errors. 

PRELIMINARY STUDY ON VARIABILITY OF ARCTIC SEA ICE EXTENT 

Budong Qian, JoOo Corte-Real, Hong Xu 
(ICAT, Faculty of Sciences, University of Lisbon, Campo Grande, 1700 Lisbon 
Portugal) e-mail: bdqian@fc.ul.pt ' 

Based on a dataset of observed sea ice concentrations on a standard 1-degree grid 
(cylindrical projection) in the Arctic region during 1901-1995, seasonal and 
nonseasonal variability of sea ice area is studied. Considering the differences of 
topography among sectors over the Arctic region, the whole Arctic region is divided 
into eight independent sectors by their geographical characteristics. Sea ice areas in 
different sectors display the same annual cycle, but the spatial differences are 
significant in nonseasonal variability. Principal Component Analysis (PCA) is applied 
to describe the spatial characteristics of nonseasonal variability of sea ice area. The 
first EOF of Arctic sea ice areas in eight sectors shows coherent variation in all sectors, 
centred in sectors of the Laptev Sea and the East Siberian Sea, the corresponding PC 
explaining 40.0 % of total variance. The second EOF reflects the different variations 
between the sectors of the Greenland Sea, the Barents Sea, the Kara Sea and all other 
sectors. Correlations between Arctic sea ice area and Southern Oscillation are analysed 
by time-lag correlation coeffients between sea ice area and SOI. Significant 
correlations have been found. 

LARGE SCALE MODELLING OF THE GREENLAND ICELAND 
AND NORWEGIAN SEAS 

J. Pietrzak, E. Rasmussen and J. B. Jakobsen 
Danish Hydraulic Institute, Agern Alle 5, DK 2970, H0rsholm, Denmark 
jdpOdhi.dk/Fax: [45] 45762567 

This study explores the circulation of water masses and ice in the Greenland, 
Iceland and Norwegian Seas. It represents one of the modelling components 
of the European Sub-Polar Ocean Programme, (ESOP-2), in which the role 
played by sea ice in the energetics of the GIN Seas is explored. Towards this 
goal a coupled ice-ocean model has been set-up. The objective of this study is to 
carry out a four year simulation using atmospheric forcing from a meteorological 
model. A number of shorter period simulations will be described in this talk. 
These include a preliminary tracer study in order to simulate the results of 
the SF6 tracer released into the Greenland Sea in August 1996. While the 
initial numerical experiments are encouraging a number of model areas have 
been identified that require further improvement, notably the coarse vertical 
resolution employed. The surface mixed layer response is crucial to the success 
of the four year coupled ice ocean simulation and two alternative vertical grids 
have been tried. The grids take advantage of a new hydrostatic, general vertical 
co-ordinate, version of MIKE 3. This version allows the grid to be refined 
near the surface. Alternative methods for handling the open boundaries are 
also described, including collaborative efforts with ESOP partners. The ice 
modelling component has been further developed and results from the coupled 
sea-ice experiments are discussed. 

A HIGH RESOLUTION SIMULATION OF THE GREENLAND 
SEA GYRO WITH A COUPLED AIR-SEA-ICE REGIONAL 
MODEL 

Erland B. Rasmussen (1) and Jens H. Christensen (2) 
(1) Danish Hydraulic Institute, DK-2970 Horsholm, Denmark, (2) Danish Me- 
teorological Institute, DK-2100 Copenhagen 0, Denmark. 

The strong air-sea-ice interaction in the Greenland Gyro region is believed to 
play an important role in the Earth's climate system through their control- 
ing role in the thermohaline circulation. To model the physical processes in a 
consistent way, coupled air-sea-ice models are required. Furthermore, the com- 
plicated bathymetry of the region suggests that high spatial resolution also 
seems important in order to handle the processes realistically. 
With emphasis on the interaction between the atmosphere and the ice-ocean 
systems the significance of the feed-back mechanisms has been studied. The role 
of such feed-back mechanisms has been addressed using a fully coupled three 
dimensional atmosphere-ice-ocean model. The atmospheric model component 
is the HIRHAM model (with the adiabatic part based on the short term forecast 
modeling system; HIRLAM, and physical parameterizations from the ECHAM4 
climate model of the Max Planck Institute for Meteorology). The ocean-seaice 
component is the MIKE 3 model developed at the Danish Hydraulic Institute. 
Results from month long simulations will be presented. Periods with intensive 
field activities in the area related to the ESOP-2 (European Subpolar Ocean 
Programme, Phase 2) project have been chosen. The main focus will be on the 
air-sea interactions, but also the general oceanic flow will be addressed. 

ICEBERGS AS TRIGGERS FOR ABRUPT CLIMATE CHANGES 

L.G.PisareVskaya 
(Arctic and Antarctic Research Institute, Bering str.,38, SLrPetersburg,199397,Russia) 

Typical perturbations induced by icebergs au traverse during austral winter 1997 along 
Antarctic coastline showed decrease of atmospheric pressure(up to 0.4 hPa), 
humidity(2-4%),air temperature(l C),wind speed(4-6 m/s) and increase of wind 
direction(up to 20 degrees) and water temperature(up to 1-2 C), accompanying the 
leads provided by moving icebergs in the ice cover with the lateral dimensions 
exceeding 8-10 times the dimensions of icebergs themselves. Since an iceberg is a part 
of Antarctic glacier ice cover it's not surprising to find the water and atmosphere 
circulation patterns coinciding with the proper scaling.Keeping in mind the latest 
results in climate studies ifs tempting to consider icebergs induced perturbations in 
ocean and atmosphere as triggering mechanism for abrupt climate changes. 

THE IMPORTANCE OF ADVECTION, FRONTAL MIXING AND SLOPE CONVECTION FOR THE 
ARCTIC OCEAN INTERMEDIATE AND DEEP WATER CHARACTERISTICS. 

Bert Rudels'. Ursula Schauer2, Robin D. Muench' and John Gunn'. 
) Finnish Institute for Marine Research, Helsinki, Finland, 2)Alfred-Wegener- 

Institut für Polar- und Meeresforschung, Bremerhaven, Germany,') Earth & Space 
Research. Seattle, USA. 
Fax:+ 358 9 331025 

The two inflows from the Norwegian Sea to the Arctic Ocean, through Fram Strait 
and over the Barents Sea, converge along the continental slope east of the St. Anna 
Trough. The frontal zone exhibits intense interleaving and several warm cores 
indicating branching of the current. CTD observations made from RV Polarstem in 
1995 indicated that the Fram Strait inflow was largely confined to the Nansen 
Basin and that the Barents Sea Branch supplied most of the water to the Amundsen 
- and to the Canadian Basin. The boundary current is modified by slope convection 
and the observations are used to examine the effects of different entrainment rates 
on the water mass properties of the boundary current. The characteristics of the 
deep basins are conditioned by injections from the boundary current. Assuming that 
0.5Sv crosses the Lomonosov Ridge at the Siberian continental slope, about 100 
years are needed to remove the mis-match between water properties of the boundary 
current and those of the deep Canadian Basin between 200 and 1700m, caused by 
the recent higher Atlantic Layer temperatures in the boundary current. The 
Eurasian Basin Deep Water properties suggest more complicated interactions 
involving the St Anna inflow as well as dense, brine-enriched shelf water. 
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HYDROGRAPHIC CONDITIONS IN NORTHERN FRAM STRAIT. 

B. Rudels'. R. Meyer2, V. Ivanov5 & D. Quadfasel4. 
')Finnish Institute of Marine Research, Helsinki, Finland, 2)AIfred-Wegener- 
Institut für Polar- und Meeresforschung, Bremerhaven, Germany, 3)Arctic and 
Antarctic Research Institute, St. Petersburg, Russia, *)Institut für Meeserskunde 
der Universität Hamburg, Hamburg, Germany 

Fax:+ 358 9 331025 

The West Spitsbergen Current splits as it reaches the northern Fram Strait. One 
branch follows the Svalbard continental slope eastward while a second branch stays 
west of the Yermak Plateau. Observations made from R/V Polarstern in summer 
1997 showed that the main inflow of Atlantic Water to the Arctic Ocean occurred 
close to Svalbard, while the stream north of the Yermak Plateau was weak and 
narrow. In addition to Atlantic Water this branch also transports Norwegian Sea 
Deep Water into the Eurasian Basin. The water column above the south-eastern 
flank of the Yermak Plateau was distinctly colder and fresher than the two inflow 
branches. No indication of recirculating water was seen on the section between the 
Yermak Plateau and the Greenland continental shelf. The waters mainly derived 
from the Eurasian Basin, displaying the higher temperature of the Atlantic Layer 
and the cold, deep and saline Mixed Layer recently reported from that basin. Close 
to the Greenland continental slope a Canadian Basin water column be could be 
recognised. The Mixed Layer salinity was low and at one station the temperature of 
the Atlantic Layer was below 0.5°C. This suggests that the high temperature pulse 
in the Atlantic Layer has not yet made a complete circuit around the Arctic Ocean. 

THE GENERAL CIRCULATION, THERMODYNAMICS AND 
WATER MASS TRANSFORMATION IN THE GREENLAND SEA 

K. Simonsen and H. Drange 
Nansen Environmental and Remote Sensing Center, Edv. Griegsv. 3A, N-5037 
Solheimsviken, Norway, 
knud. simonsentarsc. no/Fax: [47] 55 20 00 50 

In this study an Atlantic Ocean, Nordic Seas, and Arctic Ocean version of the 
3-dimensional Miami Isopycnic Coordinate Ocean Model MICOM is formulated 
in order to simulate the general circulation, the thermodynamics, and the water 
mass transformation in the Greenland Sea and the adjoining regions. Simula- 
tions with climatological (monthly mean) and synoptic (6 hr and daily) forcing 
fields are presented. Parts of the analysis include a multi-tracer simulation in 
which the major water masses of Arctic and Atlantic origin are tagged and 
followed on decadal timescales. In this way, the relative importance of mixed 
layer entrainment/detrainment, convectice mixing, and diapycnal mixing on 
the water mass transformation is quantified. The study is a part of the ESOP2 
project under the EU-MAST III Programme. 

CHARACTERISTICS OF THE DENMARK STRAIT OVERFLOW PLUME IN FALL 1997. 

B. Rudels. H. Grönvall, R. Hietala & J. Launiainen. 
Finnish Institute of Marine Research, Helsinki, Finland 
Fax+ 358 9 331025. 

The Denmark Strait is perhaps the most important exit for the water masses formed 
in the Arctic Mediterranean Sea. The East Greenland Current carries the less dense 
Polar Surface Water, different intermediate waters masses as well as deep waters 
originating in the Arctic Ocean. The Denmark Strait overflow thus supplies a 
substantial fraction of the North Atlantic Deep Water. In August-September 1997 
R/V Aranda of the Finnish Institute of Marine Research conducted a CTD and 
ADCP survey in the Denmark Strait within the framework of the EC funded 
programme VEINS. The observations indicate that the densest layers recirculate 
eastward along the Iceland continental slope and only occasionally cross the sill. 
The main supply to the Denmark Strait Overflow Water is drawn from the 
intermediate waters forming the upstream temperature maximum of the East 
Greenland Current The sill the descending plume is stratified and its densest part 
is frequently capped by a less saline and occasionally colder layer with TS 
characteristics close to those of the thermocline above the upstream temperature 
maximum suggesting polar origin. Due to its comparatively low density this layer 
must not pass trough the deepest part of the strait but may flow over the shelf 
further to the west and drain down the continental slope south of the sill. The 
presence of a low salinity lid in the Denmark Strait overflow plume would imply 
that the entrainment of ambient water is small as the plume sinks down to 2000m. 

INTERANNUAL VARIABILITY OF A DENSE BOTTOM WATER PLUME IN 
THE WESTERN BARENTS SEA 

Ursula Schauer and Eberhard Fahrbach 
Alfred-Wegener-Institute for Polar and Marine Research, D-27515 Bremerhaven 
uschauer@awi-bremerhaven.de 

Cold, brine-enriched waters generated through ice formation in near-shore areas of the 
shelf seas contribute to the ventilation of the deep Arctic Ocean. The generation and 
downstream change of a shelf water plume was studied with moored instruments 
south of Svalbard which were deployed from August 1993 to September 1994. Cold 
bottom water with temperatures close to the freezing point drained from Storfjord 
continuously from March until September with a mean speed of 0.14 m/s. About 43 
days after the plume front had left southern edge of the Storfjord, it reached the shelf 
break at a distance of 150 km. The plume spread in the horizontal to twice its initial 
width, but its thickness of about 40 m remained almost constant. The temperatures 
and salinities in the plume increased. The volume transport and the change of 
temperature/salinity properties indicate entrainment of an equal amount of Atlantic 
water into the plume between the pioduction area and the shelf edge. Compared to 
earlyer observations (1991/92), the bottom water salinity was low in 1993/94, while 
the TS-ranges of the Atlantic water remained almost constant Since the density 
difference drives the plume flow, the speed of the plume was lower in 1993/94. The 
lower salinity of the plume in 1993/94 is the consequence of a weaker ice formation 
in Storfjord and of lower surface salinities in the northern Barents Sea. During 
1993/94 the plume was too light to sink below 500 m. Our observations showed the 
effect of interannual variations of the regional atmospheric forcing on the ventilation 
depth of the Nordic Seas and subsequently of the Arctic Ocean. 

THE REGIONAL IMPACT 3F A LEAD MODEL ON SEA ICE 

CONCENTRATION 

D. Salas y Melia 
Centre National de Recherches Meteorologiques, Toulouse, France. 

ICESTATE dynamic and thermodynamic sea ice model was initiated in the 
framework of the "Ice State" European project at NERSC, Norway (1996), 
and was further developped at CNRM, and then coupled to OPA OGCM 
(LODYC, Paris). As a coupled model, ICESTATE needed to return realistic 
ocean-atmospr-'.ie heat and fresh water fluxes. '( • 
There the role of leads is definitely crucial. In the win.Nrtime, heat fluxes over 
leads can be nearly two orders of magnitude larger than 'V-* on ice or snow. 
Thus bad estimates of lead extent (mainly triggered by sei ice dynamics) cause 
serious mistakes as far as these fluxes are concerned. In summer, not only the 
dynamics plays a major role in shaping open water fraction, but also sea ice 
lateral melting. This phenomenon takes place because at this time of the year 
leads absorb solar short wave energy; sea ice in contact with warm water melts 
laterally, the melting rate being r. function of lead temperature and width. 
Results of such a parameterization will be presented, and compared with the 
effects of dynamics on sea ice lead opening and closing. 

MODIFICATION OF WATERS IN THE BARENTS SEA AND THEIR INPUT TO 
THE EURASIAN BASIN THROUGH ST. ANNA TROUGH 

Ursula Schauer1 .Bert Rudels2, Harald Loeng3, R. Muench4, J. Swift5 

1) Alfred-Wegener-Institut fuer Polar- und Meeresforschung, D-27515 Bremerhaven, 
Germany, 2) Finnish Institute of Marine Research, FTN-00931 Helsinki, Finland, 3) 
Institute of Marine Research, N- 5024 Bergen-Nordnes, Norway, 4) Earth & Space 
Research, Seattle, USA, 5) Scripps Institution of Oceanography, La Jolla, USA 

The ventilation of the interior Arctic Ocean depends significantly upon the input of 
water from the Barents and Kara Seas descending down the St. Anna Trough. This water 
is formed through modification of the warm, saline inflow of Atlantic origin from the 
Norwegian Sea and low salinity water supplied by the Norwegian Coastal Current in the 
south, and through melting of ice adverted from the central Arctic Ocean and the Kara 
Sea Lateral mixing, cooling and the freezing/melting cycle with release of brine form 
three distinct modes, which leave the Barents Sea eastward, either seasonally or 
throughout the year. The largest contribution is the most saline but only moderately 
cold bottom water produced west of Novaya Zemlya. At present all three modes 
constitute a low salinity input to the Arctic Ocean. Using hydrographic observations 
from 1991 and 1996 in the Barents Sea and along the shelf edge of the Kara Sea and 
time series of current temperature and salinity from moorings in the eastern Barents 
Sea, we trace the flow and the modification of die water masses from the western 
Barents Sea through the passage between Novaya Zemlya and Franz-Josef-Land to the 
St. Anna Trough. 
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RETREAT OF THE COLD HALOCLINE LAYER IN THE ARCTIC OCEAN 

M STEELE (1) and T. Boyd (2) 
(1) Univ. of Washington, Seattle, WA, USA 
mas@apl.washington.edu 
(2) Oregon St. Univ., Corvallis, OR, USA 

We present a comparison of Arctic Ocean hydrographic data sets from the 1990's, 
with a focus on changes in the upper few hundred meters of the Eurasian Basin. 
These comparisons reveal that the Eurasian Basin "cold halocline layer" has retreated 
during the 1990's to cover significantly less area than in previous years. 
Specifically, we find a retreat from the, Amundsen Basin back into the Makarov 
Basin; the latter is the only region with a true cold halocline layer during 1993. 
Changes are also seen in other halocline types and in the Atlantic Water layer heat 
content and depth. Using a simple mixing model, we calculate maximum ice-ocean 
heat fluxes of 1-3 W/m2 during winter in the Eurasian Basin. We speculate that 
changes in sea ice motion and winds during the 1990's have influenced the location 
where fresh shelf waters flow into the deeper basins of the Arctic Ocean. 

NATURAL CYCLES AND PATTERNS AMONG THE UPPER OCEAN 
CIRCULATION OF THE ARCTIC OCEAN, SURFACE WIND, AND SEA 
ICE EXTENT IN THE SIBERIAN SEAS 

Timokhov, L. (a), R. Colony (b), and A. Koltyshev (a) 
(a) Arctic and Antarctic Research Institute, aaricoop@aari.nw.ru 
(b) International ACSYS Project Office, acsys@npolar.no 

The transpolar drift stream is a semi-permanent circulation feature by which ice 
formed in the Siberian marginal seas is transported across the Arctic Basin, through 
the Fram Strait, and into the Nordic Seas. This feature of sea ice motion is due 
equally to surface winds and to surface ocean currents. For this study, the upper 
ocean circulation is represented by annual late winter fields of dynamic height 
(surface to 200 db); surface winds are directly related to surface pressure fields; and 
ice conditions are characterized by the fractional area of late summer ice in different 
regions along the Siberian shelf. Long term records (1954-1990) of upper ocean 
circulation, surface wind, and ice conditions are analyzed, and a time lagged 
covariance study suggests coupled patterns and natural oscillations among the three 
variables. For example, anomalous upper ocean circulation patterns are related to 
future anomalous ice conditions in the Laptev and East Siberian Seas. Physical 
mechanisms may be associated with the role of shelf currents in exchanging ice 
and/or heat between the Siberian shelves and the deep basin. The time lagged study 
also shows covariance between anomalous ice conditions and future upper ocean 
circulation anomalies. This pair of lagged covariances may be interpreted as a self 
oscillating system with a period of about 6 years. 

COMPARISON OF SIMULATED AND OBSERVED SEA ICE 
ROUGHNESS 

N. Steiner, M. Harder, P. Lemke and S. Schuster 
Institut für Meereskunde Kiel, D-24105 Germany. 
nsteinerOifm.uni-kiel.de 

A quantitative relationship between observed sea ice roughness and simulated 
large-scale deformation work is established in order to provide new means for 
model validation and a better representation of the sea ice component in cli- 
mate modelling. Sea ice Roughness R is introduced as an additional prognostic 
variable in a dynamic-thermodynamic sea ice model with a viscous-plastic The- 
ology. It is defined as the accumulated work of internal forces acting upon 
an ice volume, given in energy per unit area. A fraction of this total defor- 
mation work is equated to the potential energy stored in pressure ridges. Us- 
ing ridge geometries and distribution functions from observations, observable 
quantities like mean keel draft, number of keels per distance as well as volu- 
metric and areal fractions of deformed ice are derived from the simulated ice 
roughness. Comparisons of these simulated quantities with measurements (sub- 
marineborne sonars, laser altimeters on helicopters) show good agreement both 
in the Arctic and Weddell Sea. Satelliteborne observations of sea ice roughness 
now under development will provide an even larger data set which will be used 
for model verification. Influences of the simulated sea ice roughness on heat 
and momentum exchanges between ocean and atmosphere are also shown. The 
simulations indicate that the inclusion of sea ice roughness provides for a more 
realistic representation of the boundary layer processes in AOGCMs. 

DYNAMICS AND THERMODYNAMICS OF SEA ICE LEADS IN 
THE WEDDELL SEA 

M. Thomas 
Institut für Meteorologie und Klimatologie, Universität Hannover, D-30419 
Hannover, Germany. 
thomasOmuk.uni-haimover.de/Fax: [49] 511 762 4418 

During winter conditions, the opening and closing of leads and polynyas in 
sea ice covered regions play a major role in the heat exchange between the 
ocean and the atmosphere, because the freezing rate at the water surface is 
by up to two orders of magnitude greater than at the bottom of a closed 
ice pack. In this contribution, the frequence of lead and polynya occurence in 
the Weddell Sea in July 1992 is investigated using an ERS-1 SAR data set, 
and the connection of opening and closing processes to the synoptic situation 
described by EZMW analysis are investigated. In the central Weddell Sea, the 
ice motion can mostly be considered as free drift and is, as well as divergence 
and convergence in the ice velocity field, mainly wind driven. In most cases, the 
shape and orientation of leads is correlated to their position relative to moving 
cyclones. Using climatological and EZMW data about frequency and tracks of 
the cyclones in the region considered, an estimate of turbulent heat fluxes form 
the ocean to the atmosphere and of the monthly ice production rate is given. 
The results can be used for assessment of coupled sea ice-ocean models as well 
as a basic method to forecast the developement of leads using the sea level 
wind field forecast. 

The climate sensitivity of the Arctic ocean Ice cover; Some results from a fully 
coupled atmosphere-ice-ocean column model. 

Johan Svderkvist, Gvran Bjvrk 

A fully coupled column model for the upper ocean, ice cover and the atmosphere in 
the Arctic is presented. The ocean model is an one-dimensional column with a mixed 
layer on top (Bjvrk 1989) and the ice model includes a thickness distribution of both 
unridged and ridged ice (Bjvrk 1992). The atmosphere model is an analytical 
one-dimensional column model (Thomdike 1992). The improvement with the present 
model is that a single atmospheric column is coupled to a mosaic of different surface 
conditions, such that it integrates the effect of different heat fluxes due to the ice 
thickness distribution. Linearization of the heat fluxes, together with the assumption 
that the sea/ice surface is in thermal equilibrium with the atmosphere, makes the 
coupling between the atmospheric and the ice-ocean model to a linear problem. The 
coupled model computes the longwave incoming radiation, air temperature and mean 
surface temperature, given the ice thickness distribution and the advected atmospheric 
heat from lower latitudes. The sensitivity of the model ice cover to different climatic 
quantities as the advected atmospheric heat, optical depth, ice export and ice ridging, 
are presented. 

PRECONDITIONS FOR CONVECTION IN THE GREENLAND SEA. 

LeifToudaim. Peter Wadhams(2) & Jeremy Wilkinson(2) 
(1) Danish Center for Remote Sensing, Building 348, DTU, DK-2800 Lyngby, 
Denmark, ltp@emi.dm.dk 
(2) Scott Polar Research Institute, Lensfield Road, Cambridge, England, CB2 1ER. 
pwl l@cam.ac.uk, jpw28@cus.cam.ac.uk 

A combination of SSM/I passive microwave observations of ice concentrations, buoy 
drift data and ECMWF wind data are used to drive a model of ice growth, melt and 
advection for a small area around 75N,0W in the center fo the Greenland Sea. The 
model calculates the resulting salt flux to the ocean on a daily basis throughout the 
winter of 1996-1997, and results are compared with salinity and density profiles from 
a number of cruises to the area during the first field season of ESOP-2 (the European 
Subpolar Ocean Programme), and they indicate that the salt released from ice growth 
are an important prerequisite for subsequent convection. Results are also related to 
ERS-2 SAR images of the area during the winter. 
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MECHANISMS OF DEEP WATER FORMATION 
AND MODIFICATION IN THE GREENLAND SEA 

M. Walter and M. Rhein 
Institut für Meereskunde, Düsternbrooker Weg 20, 24105 Kiel, Germany. 

In the central Greenland Sea, deep convection below 2000m ceased almost com- 
pletely since the early 1980s. In the 1990s, convection took place up to maxi- 
mum depths of 1500m. However, the characteristics of the deep water changed 
slowly over the past couple of years. Since this occured in the absence of deep 
convection, other processes must play a key role in this modification. Recently, a 
new mechanism concerning the formation and alteration of Greenland Sea deep 
water by enhanced boundary layer mixing has been proposed. The diapycnal 
exchange between the ventilated intermediate water masses and the deep water 
might explain the observed augmentation in tracer concentration which could 
not be established by lateral exchange. 
A box model including heat and anthropogenic tracers (CFC's) is used to quan- 
tify the Tenewal times of the deep water and to estimate the diapycnal mixing 
rates required by this scenario. The modeled deep water properties are then re- 
lated to the existing measurements and the mixing rates are compared to those 
expected in a bottom boundary layer, especially above a rough topography. 

ICE-OCEAN PHYSICS FROM THE MARCH 1997 'JANMAYEN' 
CRUISE TO THE ODDEN 

J. Wilkinson (\) and P. Wadhamsd) 
(l)Scott Polar Research Institute, Lensfield Road, Cambridge, England CB2 1ER 
jpw28@cus.cam.ac.uk /Fax: +44-1223-336549 

During the March 1997 cruise of Jan Mayen to the Odden ice tongue, the ice 
cover was examined by video and photography; by direct sampling, recovery and 
fabric analysis of frazil and pancake ice; and by the deployment of three 
GPS/Argos 'pancake' buoys to track ice motion. Water structure was sampled by 
CTD's to 2000m, and near surface melt-freeze cycles by hand-held CTD's 
through ice to 100m. We present a summary of these experiments and initial 
results. 

THE INFLUENCE OF OCEANIC  CONVECTION IN CARBON 
DISTRIBUTION 

H. Wehde and J. O. Backhaus, Institut für Meereskunde, Troplowitzstr.7, D- 
22529 Hamburg, Germany, (wehde@dkrz.de) 

The influence of open ocean convection in the CO2 - Concentration of the ocean 
was investigated by a numerical model study. A carbon cycle model is coupled to a 
2.5 - dimensional non - hydrostatic convection model to study the efficiency of deep 
winter convection, the gas exchange between ocean surface and atmosphere and the 
mixing processes within the ocean. The convection model is interactively coupled 
to a simple thermo-hydrodynamic sea ice model. The model domain is a vertical 
ocean Slice with an isotropic grid size of 10 meters and with cyclic boundary 
conditions. Equal eddy viscosity and difrusivity coefficients are applied for 
horizontal as well as for the vertical dimensions. The gas exchange with the 
atmosphere is .modeled using a volatilation rate which considers the relationship 
between wind speed and partial pressure difference. For the simulation we used an 
observed stratification from the centre of the Greenland Sea and realistic 
atmospheric forcing (ECMWF) for transient momentum and heat fluxes. In this 
simulation the concentration are not influenced by horizontal advection, which is 
small in the centre of the Greenland Sea Gyre. 

DECADAL VARIABILITY IN A COUPLED SEA ICE-OCEAN- 
ATMOSPHERE MODEL 
A. J. Willmott (1), M. A. Morales Maqueda (1) and M. S. Darby (2) 
(1) Department of Mathematics, Keele University. Staffordshire, ST5 5BG UK, 
(2) The Laurels, Crewkerne, Somerset, TA18 8N"B UK. 

An inhomogeneous reduced gravity upper ocean model is coupled to a dy- 
namic/thermodynamic sea ice model and a 2-dimensional atmospheric energy 
balance model. The coupled model is solved in a meridional channel, taken to 
represent the Greenland-Island-Norwegian (GIN) Sea. At the top of the atmo- 
sphere; the seasonal cycle of insolation is prescribed. The model is also driven 
by a climatological wind stress field, representative of that in the GIN Sea. At 
oceanic inflow points on the open zonal boundaries, climatological tempera- 
ture and salinity values are specified, again representative of the GIN Sea. It is 
demonstrated that the seasonal cycle that the model spins up to is extremely 
sensitive to perturbations in the meridional volume transport across the north- 
ern zonal boundary. Fluctuations of the order of 0.1 Sv in this transport lead to 
decadal oscillations in the interior fields. For example, winter sea ice area fluc- 
tuates between l.lxlO6 and 1.6xl06 km2 on a time scale of ~40 years. The 
oscillations are associated with the passage of long baroclinic Rossby waves 
generated by a mass imbalance between meridional transport across the open , 
zonal boundaries and entrainment into the upper ocean. The implications of 
these results for decadal variability in the GIN Sea are discussed. 

INVESTIGATION  OF  SMALL  SCALE ICE  DYNAMICS  WITHIN 
THE ODDEN BY THE USE OF A GPS/ARGOS DRIFTER 

J. Wilkinson (IV P.Wadhams f 11 and P. Meldrum (2) 
(1) Scott Polar Research Institute, University of Cambridge, (2) Dunstaffnage 
Marine Laboratory, Oban. 
jpw28@cam.ac.uk/Fax+44-1223-336549. 

Three revoluöonarily designed GPS/Argos buoys were developed for release in the 
Odden region of the Greenland Sea. These buoys transmitted their GPS location 
(including all the GPS information needed for post differential correction), the sea 
surface and air temperature via the Argos satellite system. Using a novel technique 
of stacking the data and combining the Argos location with the GPS location (i.e. 
cutting down length of the GPS message) it was possible to obtain and transmit a 
reading every 20 minutes for the lifetime of the buoy (i.e. no holes in the data set). 
We show how this method delivers cleaner more reliable data than the location 
system used by Argos. In additio/ our results indicate that ice within the Odden is 
extremely dynamic and that its movements are influenced by passing weather 
system« Also by comparing the air temperature measurements from the buoys with 
SSM/I ice concentration images it appears that the growth/decay of the Odden is 
strongly influenced by cold/warm air outbreaks. 

SOUTHERN OCEAN COUPLED OCEAN/SEA-ICE MOD- 
ELLING AT MEDIUM AND HIGH RESOLUTIONS 

J.-O. Wolff and S. Marsland 
Antarctic CRC, GPO Box 252-80, Hobart, Tas 7001, Australia, 
j .trolff0utas.edu.au 
In this study we have coupled a primitive equation ocean model to a dy- 
namic/ thermodynamic sea-ice model and applied it at coarse to medium reso- 
lution to tY' »'.hole Southern Ocean and at high resolution to a region of the 
Southern Ocean south of Australia. The coarse to medium resolution model 
has been integrated for a century and the seasonal sea-ice cover exhibits a typ- 
ical thermal mode behaviour. The high-resolution model is found to be very 
sensitive to surface fresh water fluxes. A stable seasonal cycle is only simulated 
for sufficient fresh water fluxes. For fresh water fluxes below a threshold value 
of around 40 cm/yr the coupled system enters a thermal mode characterized 
by vertical homogeneity of the oceanic temperature and salinity fields. Such an 
ocean has a surface temperature that is too warm for a sea-ice cover to develop. 
Spatial and temporal variability of the oceanic heat flux into the upper model 
layer is examined for the stable simulations. High values of this oceanic heat 
flux (40 W/m2) occur during the sea-ice formation period (March-June) with 
values going down as low as 5 W/m2 in November. The source of this heat is 
primarily convective, a process induced by brine rejection during ice growth. 
The model's sensitivity to freshwater fluxes in creating a seasonal sea-ice cover, 
which we found in these process studies, is probably causing variability in the 
production of Deep and Bottom Water. 
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Co-Convener: Garcia, M.A. 

observations and INTERANNUAL VARIABILITY IN THE SOUTHERN OCEAN 
ASSOCIATED WITH THE ANTARCTIC CIRCUMPOLAR WAVE 

H. Bonekamp, A. Sterl and G.J. Komen 
Royal Netherlands Meteorological Institute (KNMI) P.O. Box 201 NL-3730 AE 
De Bilt, The Netherlands . 
bonekamp«knml.nl/Fax: [31] 30 2202 570 

Anomaly patteras in the Southern Ocean in response to oscillations in the at- 
mospheric forcing are investigated. To this end, the Hamburg LSG OGCM is 
forced by wind stress, heat and fresh water fluxes derived from the ECMWF 
Re-Analysis (ERA) data set for the period form January 1979 to February 
1994. In particular, a hindcast is made of the Antarctic Circumpolar Wave. 
The atmospheric patterns of the ACW (e.g. sea level pressure and the associ- 
ated wind stress anomalies) are compared with other descriptions of the ACW. 
The simulated ocean response shows anomalies in sea water temperature and 
salinity which correspond well with the observed ACW. They vary with a pe- 
riod of 3-5 years and advect with the Antarctic Circumpolar Current. High 
amplitudes only occur in the South East Indian and Pacific ocean. Wind stress 
is identified as the dominant factor for the generation of the oceanic anomalies. 
A physical mechanism is proposed explaining the oceanic component of the 
ACW in terms of anomalous Ekman pumping and convection. 

A NUMERICAL MODEL OF THE WEDDELL SEA: LARGE- 
SCALE CIRCULATION AND WATER MASS DISTRIBUTION 

A. Beckmann. H.H. Hellmer and R. Timmermann 
(Alfred-Wegener-Institute for Polar and Marine Research, Am Handelshafen 
12, D-27570 Bremerhaven, F.R. Germany; phone: +49-471-4831-512; e-mail: 
beckmann@awi-bremerhaven.de) 

Processes that determine the large-scale circulation in the Weddell Sea are 
(1) the transfer of local momentum and heat and fresh water at the sea sur- 
face, significantly modified by sea ice dynamics and thermodynamics, (2) the 
interaction with the Antarctic Circumpolar Current and (3) the water mass 
transformation beneath the ice shelves. A long-term modelling project has 
been initiated at AWI to investigate this complex regime, and the role of each 
component in this system with regard to seasonal, interannual and decadal vari- 
ability. As a first step, the coupled ocean/sub-ice shelf system is investigated. 
A terrain-following ocean circulation model (SPEM) is used and modified for 
the inclusion of sub-ice shelf areas. The model configuration is circumpolar, 
with higher resolution (20-100 km) in the Weddell Sea sector. Six major ice 
shelves are included: Filchner-Ronne, Larsen, Brunt, Riiser-Larsen, Amery and 
Ross. The model is initialized with hydrographic data from the Southern Ocean 
Atlas and driven by monthly mean values of surface temperature and salinity, 
as obtained from a stand-along sea-ice model. The effect of the sub-ice shelf 
forcing is quantified in twin-experiments with and without fluxes at the base 
of the ice shelves. Artificial passive tracers are used to determine the pathways 
and time scales of water mass spreading. 

Observations and modelling of large-scale variations in Antarctic seaice edge 

W. M. Connollev. S. A. Harangozo, J. C. King 
British Antarctic Survey, High Cross, Madingley Rd, Cambridge CB1 OET, UK. 
wmc@bas.ac.uk 

Using a 15-year timeseries of seaice edge from SMMR/SSMI observations, we present 
evidence for significant correlations between seaice edge variations at both long lags and 
leads (up to two years). These correlations are not stationary, however, but are advected 
around Antarctica in the direction of and at the approximate speed of the Antarctic 
Circumpolar Current The strongest correlations occur in the Bellingshausen Sea and 
Weddell Sea regions and show anticorrelations between the two sides of the Antarctic 
Peninsula; elsewhere the connections appear much weaker. The propagation speed of these 
anomalies is consistent with recent suggestions of an "Antarctic Circumpolar Wave". 
However such a wave would be expected to lead to advecting correlations all around 
Antarctica, whereas we find that the correlations are strong only if the center of correlation 
is in the Bellingshausen Sea - Weddell Sea area. 

Corresponding modelling studies with the UKMO/Hadley Centre GCM (HADCM2) show 
correlations that are not significant up to such long lags and leads, and which lack the 
significant anticorrelations shown by the observations; reasons for this will be discussed. 

SONAR MEASUREMENTS OF CURRENT VELOCITIES IN THE 
ANTARCTIC OCEAN: RESULTS OF THE PS4 WOCE TRANSECT. 

Berezutskii A.V. and Sklyarov V.E. 
P.P.Shirshov Institute of Oceanology, Russian Academy of Sciences E-mail: 
kvn@sio.rssi.ru 

We report results of acoustic observations of velocity structure and internal ocean 
processes from a transect along 67 S in the Pacific sector of the Antarctic. The transect 
was carried out in February-March, 1992 in a frame of WOCE Hydrographic Program. 
Observations were made at 113 oceanographic stations located from 70 W to 164 E. 
Each station included a CTD cast and simultaneous measurements of calibrated 
acoustic returns at frequencies of 12 kHz and 24 kHz down to 1000 m depth'. Velocity 
data were collected with a vessel mounted 75-kHz acoustic Doppler current profiler 
(ADCP) to a depth of about 500 m. The results show a consistency between the remote 
and in situ observations. The report will cover a wide range of questions concerning 
similarities and differences between information obtained by means of the two 
techniques of ocean investigation. Particular interest will be placed on combined 
analysis of the features which could not be traced on the basis of the CTD data only. 
Problems of underwater remote studies of large-scale circulations, mesoscale and fine 
structure features will be highlighted on the examples of Antarctic Circumpolar 
current and Ross sea loop. 

STRUCTURE OF THE ANTARCTIC CIRCUMPOLAR CURRENT SOUTH OF 
NEW ZEALAND BASED ON MOORED CURRENT MEASUREMENTS 

Eugene G. Morozov, Sergey V Nikitin, and Sergey M. Shapovalov 
P. Shirshov Institute of Oceanology,   Russian Academy of Sciences, 117218, 36 
Nakhimovsky St., Moscow, Russia. 

The structure of the Antarctic Circumpolar Current is studied using the current meter 
data from buoys set south of New Zealand. Direct measurements on moored buoys are 
analysed together with two repearted hydrographic sections approximately along 170 
degrees East from 55 to 71 degrees South with a time interval of two months. The 
measurements confirm that the current east of the Macquarie ridge splits into two jets 
covering the zone from 56 to 61 degrees South. The northern part of the zone is eddy 
productive. Strong currents associated with the fronts reach 2000 m depth without 
significant decrease of velocity which exceeds 80 cm/s. The southern jet is more 
stable and no so deep as the northern one. 

C588 



GRADUAL WARMING OF THE WEDDELL DEEP AND BOTTOM WATER 

E. Fahrbach, H. Hellmer. R. Meyer, G. Rohardt, M. Schroeder and R. 
Woodgate 

Alfred-Wegener-lnstitute for Polar and Marine Research 
Columbusstrasse, D-27515 Bremerhaven, Germany 
efahrbach@awi-bremerhaven.de 

The Weddell Sea is known to be one of the areas of major water mass 
modifications in the ocean. It feeds Weddell Sea Deep and Bottom Water 
into the circumpolar water belt from where the water masses spread as 
Antarctic Bottom Water into the basins of all three oceans. Between October 
1989 and May 1996 five cruises with "Polarstem" were carried out to 
measure the water mass properties in the Weddell Sea by means of CTD and 
tracer surveys as well as by an extensive mooring programme. The 
measurements show a consistent increase of the temperature of the Warm 
Deep Water and Weddell Sea Bottom Water layers of large parts of the 
Weddell Sea indicating, that the inflow from the Antarctic Circumpolar 
Current into the Weddell Gyre is either enhanced or has changed its 
characteristics since 1984. The variation of the major source water mass can 
be followed from the central to the western Weddell Sea. It leads either to a 
reduction of the bottom water formation or to a change of the characteristics 
of the recently formed bottom water. An alternative explanation of the 
bottom water warming is the reduction of Ice Shelf Water outflow from the 
Filchner/Ronne Ice Shelf which Is observed since several years. 

THREE-DIMENSIONAL CIRCULATION AND MASS TRANSPORT IN THE 
WESTERN BRANSFIELD STRAIT (ANTARCTICA) DURING AUSTRAL 
SUMMER 

D. Gomis (1), A. Pascual (1), M.A. Garcia (2) and O. Lopez (2) 
(1) Institut Mediterrani d'Estudis Avancats, IMEDEA (CSIC-UIB), Crta. Valldemossa 
km. 7,5,07071 Palma de Mallorca, Spain 
(2) Laboratori d'Enginyeria Maritima, Universität Politecnica de Catalunya, c/Jordi 
Girona 1-3, modul Dl, 08034 Barcelona, Spain 

R/V Hesperides occupied the western basin of the Bransfield Strait and the eastern 
sector of the Bellingshausen Sea in December 1995 and in January 1996. The 
horizontal geostrophic circulation patterns derived from the density fields display two 
main features: i) a meandering jet in the southern Drake Passage related to the 
Continental Water Boundaiy, i.e. the ACC southernmost front; ii) the Bransfield 
current, which appears as a northeastward recirculation of both waters with Weddell 
Sea influence flowing to the southwest along the Antarctic Peninsula shelf edge and a 
weaker inflow from the Drake Passage. Maximum horizontal speeds are of the order 
of 16 cm/s for both currents. The vertical velocity fields have been computed by 
integrating the quasi-geostrophic omega equation. Sensitivity of the circulation and 
mass transport estimates to the reference level and to the station distribution and 
spacing will be discussed. Our results indicate that the biological wealth observed at 
the northern sector of the study area in December (absent one month later) should not 
be attributed to frontal dynamic instabilities generating upward motion but to transient 
hydrographic conditions at the start of the Austral summer. 

One-year records of currents, temperature and salinity near the Ronne Ice Shelf, 
the Weddell Sea 

Arne Foldvik(l), TorGammelsr°d(l), Einar Nygaard(2) and Sveiri Isterhus(l) 
(1) Geophysical Institute, University of Bergen, (2) Norwegian Institute for Water 
Research, Bergen 

Registrations from a current meter mooring in the period February 1993 to April 1994 
near the Ronne Ice Shelf are presented. The mooring was positioned near 53(W where 
the relative warm (T— 1.6(C)Modified Weddell Deep Water (MWDW) occasionally is 
observed. The two current meters were anchored at 258m and 411m depth. At the 
mooring site the overall orientation of ice shelf was 310( and its thickness estimated 
to be near 200m. The Ronne Ice Shelf has its minimum thickness in the vicinity of the 
mooring station. The average direction of the currents was 290( at the upper meter and 
275( at the lower meter. This indicates a steering of the flow by the ice shelf, but with 
a component of the flow towards it, indicating that water is penetrating underneath the 
floating ice shelf in the area. The MWDW was observed at 258m depth during the 
January - July. During the austral spring (August - December) the temperature was 
near the local surface freezing point (-1.9(C). At the lower meter (41 lm)MWDW was 
observed in May-June 1993 and also for about a week in the end of February 1994. 
Maximum salinities at the two levels were observed in September - November, 
salinities above 34.65 at the upper meter and occasionally exceeding 34.80 at the 
lower meter. This indicates that the saline Western Shelf Water was not produced 
locally, but probably at the Berkner shelf to the east. The major tidal component was 
M2, and surprisingly enough, the major axis of the current ellipses were near 
perpendicular to the orientation of the ice-shelf. Thus tides may play an important role 
for the heat exchange and melting in the area. 

WESTERN WEDDELL OUTFLOW: THERMOHALINE STRATIFICATION 

A.Gordon Lamont-Doherty Earth Observatory, 
914 365-8157 

agordon@ldeo.columbia.edu/Fax: 

As part of the DOVETAIL Program, an array of CTD, LADCP and tracer stations 
were obtained from the Palmer in August 1997 in the southern Scotia Sea and 
northern Weddell Sea. The data characterize the physical and chemical properties of 
the dense water outflow from the Weddell Sea and overflow into the Scotia Sea. 
The key results: 1. Warming of Weddell Deep Water observed during the last 
decades within the central Weddell gyre extends into the northwestern Weddell Sea. 
Warming in that region between 1992 and 1997 amounts to nearly 0.2°C. 2. 
Dovetail and 1992 Weddell Ice Station data define the distribution of the WSBW 
benthic layer in the western and northwestern Weddell Sea. The benthic layer takes 
on varied forms: thick well mixed; thin stratified; or a combination. The transition 
from thin to thick benthic layer may be aided by diminished thermobaric 
importance as mixing proceeds. 3. Within the Weddell-Scotia-Confluence there is 
well oxygenated, low salinity deep water, derived from the Antarctic Peninsula 
eastern shelf, which may directly ventilate the Scotia Sea. 4. The isolated basins of 
the Bransfield Straits contain well ventilated water. The cold end-member is similar 
to that of the WSBW, but with a much fresher warm end-member derived from the 
pycnocline water of the Bellingshausen Sea. The western Weddell continental 
margins form freezing point shelf water with a wide range of salinity that 
ventilates a thick segment of the deep ocean. 

I 
DECADAL-SCALE VARIABILITY OF PROPERTIES OF THE BASIN 
WATERS OF THE BRANSFIELD STRAIT (ANTARCTICA). 

M.A. Garcia (1) 
(1) Laboratori d'Enginyeria Maritima, Universität Politecnica de Catalunya, c/Jordi 
Girona 1-3, modul Dl, 08034 Barcelona, Spain). 

Two mechanisms have been invoked as possible explanations for deep water mass 
formation in the Bransfield Strait: i) winter convection and ii) all-seasons lateral 
advection of a mixture of deep Weddell Sea and shelf waters. Recent field 
observations suggest that the deep Bransfield basin waters might in fact result from a 
combination of both mechanisms. Whereas local winter convection produces strong 
seasonal variation of properties of the Bransfield deep waters, deep water mass 
formation related to the inflow of Weddell Sea deep waters should reflect the 
interannual changes of properties of the source waters. CTD casts obtained at a 
number of deep stations in the central basin of the Bransfield Strait during the ISOS 
programme in the seventies, the BIOMASS cruises in the eighties and yearly since 
1991 by the Spanish expeditions to Antartica are revisited to scrutinize for such 
interannual changes. 

CHANGES IN THE CIRCULATION PATTERN AND WATER 
MASS CHARACTERISTICS OF THE FILCHNER TROUGH AS 
A (POSSIBLE) CONSEQUENCE OF ICEBERG CALVING 

K. Grosfeld, M. Schroder, E. Fahrbach and R. Gerdes 
Alfred Wegener Inst. for Polar and Marine Res., Bremerhaven, Germany. 

One key area which influences the formation of bottom water in the southern 
Weddell Sea is strongly controlled by the flow of Ice Shelf Water (ISW) out of 
the Filchner-Ronne Ice Shelf cavity. Repeated hydrographic sections along the 
ice front gave an ISW-plume temperature colder than —2.3°C in the Filchner 
Trough in the early 1980s. The break-up of three giant icebergs in 1986 and their 
grounding on the shallow Berkner Bank changed the morphological setting of 
this region and with it the circulation and water mass formation. Hydrographic 
measurements in 1995 along the Filchner Ice Shelf edge show significant changes 
in water mass characteristics and flow pattern that influence the overflow at 
the continental sill. Although qualitative ideas of water mass modification and 
transport exist, a quantitative treatment of these processes is still missing. We 
combine a 3 dimensional ocean circulation mode! and CTD-measurements in 
a discussion of the circulation in the open ocean and beneath the ice shelf. 
The impact of iceberg calving on the circulation regime is investigated by both 
model results and measurements. The results depict sensitive areas where water 
mass modifications occur, for example High Salinity Shelf Water production on 
the shallow Berkner Bank as one source for ISW. A picture of the calving event 
as a paradigm for the sensitivity of the whole ice-shelf/ocean system is drawn. 
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OCEAN CIRCULATION IN THE FILCHNER-RONNE ICE 
SHELF DOMAIN FROM 3D-MODELLING RESULTS 

K. Grosfeld and R. Gerdes 
Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Ger- 
many. 

The Filchner-Ronne Ice Shelf complex is the major source of Ice Shelf Water 
(ISW) in the Weddell Sea and, therefore, makes an important contribution to 
deep water formation. It comprises the second largest ice shelf by area in the 
Antarctic and represents with its interface to the ocean the biggest mass loss 
component by basal melting for the whole ice sheet. We present first results 
of a three-dimensional ocean model applied to the Filchner-Ronne Ice Shelf 
and the adjacent continental shelf area. The free interaction of the open ocean 
circulation and the ice shelf cavity across the ice shelf front yields the available 
heat transport that is responsible for the mass exchange at the ice shelf base 
and the corresponding fresh water flux to the ocean. The model offers the 
opportunity to study how changes in circulation and water mass properties on 
the shelf effect basal melting in the ice shelf cavity. The sensitivity to surface 
boundary conditions, sea ice processes, and open ocean boundary conditions 
can be i nvestigated with such a tool. The role of ISW for water mass formation 
on the continental shelf and the pathways from the ice shelf cavity to the deep 
Weddell Sea are important factors for the understanding of Weddell Seas deep 
water formation. 

A MESOSCALE FRONTAL CYCLONIC EDDY IN THE ANTARCTIC 
CIRCUMPOLAR CURRENT 

Yury A. Ivanov, Eugene G. Morozov, and Anatoly D.Scherbinin 
P. Shirshov Institute of Oceanology, Russian Academy of Sciences, 
117218,36 Nakhimovsky St., Moscow, Russia. 

The structure of currents, temperature and salinity fields of a frontal cyclonic eddy in 
the Antarctic Circumpolar Current and their evolution are studied on the basis of 
measurements made south of New Zealand. The analysis of the evolution of the eddy 
was studied on the basis of hydrographic data measured during two repeated surveys. 
The northeasterly propagation of the eddy into the area of warmer waters caused the 
intensification of the eddy which manifested in the sharpening of the fronts, increase 
of the available potential energy and growth of the orbital velocity of the currents. The 
eddy carries antarctic waters with a subsurface minimum of the temperature which is 
not characteristic to the surrounding waters north of the ACC. The waters with low 
salinity in the middle of the eddy correspond to the area south of the Polar Front. The 
temperature and salinity of the waters in the eddy best match the properties of the 
water at 60 degrees S, whereas the eddy was located at 57 S. 

ROSSBY WAVEGUIDES IN POLAR SHEAR FLOWS WITH 
BOUNDARIES 

U. Harlander, A. Gassmann 
LIM, Institut für Meteorologie Universität Leipzig, 
Stephanstr. 3, D-04103 Leipzig 

We study the propagation path and the structural change of quasi- geostro- 
phic Rossby wave packets by means of a WKB-method whereby our ap- 
proach involves the application of a rigid boundary, where the wave packets 
can be reflected elastically. We consider Rossby wave packet dynamics at 
high latitudes at the /?-plane but also at the so called i-surface, where the 
second derivative of the Coriolis parameter with respect to latitude is taken 
into account. We show that under certain conditions synoptic-scale wave 
packets can propagate far distances along an east-west oriented "coast" 
and may affect the flow far downstream of the source region. The wave 
packets considered here are trapped between a turning latitude and the re- 
flecting boundary. We investigate this Rossby waveguide also by means of 
a barotropic /?-plane channel with reflective walls. Preliminary results are 
shown. Finally we suggest that a selective Rossby wave guide of the type 
described here may play a role in the dynamics of the Antarctic Circumpo- 
lar Current. 

TIDAL RESIDUAL CURRENTS: THEIR CONTRIBUTION TO OCEAN 
CIRCULATION BENEATH FILCHNER-RONNE ICE SHELF. 

K. Makinson(l) 
(1) British Antarctic Survey, Natural Environment Research Council, Cambridge, UK 
k.makinson@bas.ac.uk 

The ocean beneath an Antarctic ice shelf is isolated from atmospheric forcing, such as 
wind. The ventilation of the sub-ice shelf cavity will be dominated by tidal and 
thermohaline driven circulations. The extent to which tidally driven circulations, 
ventilate the cavity beneath Filchner-Ronne Ice Shelf is largely unknown. Applying a 
depth averaged tidal model to the southern Weddell Sea, including the ocean cavity 
beneath Filchner-Ronne Ice Shelf, it was found that tidal oscillations with velocities up 
to 1 m s-1, generate significant residual currents in areas with shallow water and large 
topographic gradients. The model indicates that Lagrangian residual currents transport 
water at fluxes of up to 250,000 m3 s-1, and at speeds of over 5 cm s-1 along the ice 
front, with over 350,000 m3 s-1 being exchanged between the sub-ice shelf cavity and 
the adjacent continental shelf. These currents are particularly efficient in ventilating 
the sub-ice shelf cavity within 150 km of Ronne Ice Front. Shipborne hydrographic 
observations along the ice front support many of the model predictions concerning the 
capacity for residual currents to transport water masses between sub-ice shelf cavity 
and open sea. 

THE INFLUENCE OF ICE SHELVES ON WEDDELL SEA 
WATERS 

H.H. Hellmer and A. Beckmann 
(Alfred-Wegener-Institute for Polar and Marine Research, Am Handelshafen 
12, D-27570 Bremerhaven, F.R. Germany; phone: +49-471-4831-277; e-mail: 
hhellmer@awi-bremerhaven.de) 

The Weddell Sea is considered to be a major source of waters participating in 
the global thermohaline circulation. The water masses are formed by a number 
of processes at different high-latitude locations including the bases of large ice 
shelves in the Weddell Sea. The meltwater plumes emerging from the Filch- 
ner and Ronne subice cavities are assumed to participate in the bottom water 
formation process at the continental slope. However, due to its warmer tem- 
peratures, plumes from the Ronne and also Larsen Ice Shelves might be more 
involved in the deep water formation processs along the western Weddell rim. 
Therefore, these plumes might have a more direct influence on global abyssal 
waters. The influence of the ice shelves in the eastern Weddell Sea is considered 
to be minor, but a pre-conditioning of the water masses entering the Weddell 
Sea and flowing south towards the southern continental shelf seems likely. Pre- 
liminary model results also suggest a control of the eastern Weddell Ice Shelves 
on the strength of the coastal current. We test these sensitivities by applying a 
high resolution (~20 km), sigma coordinate primitive equation model (SPEM) 
to.the Weddell Sea, embedded in a coarse resolved Southern Ocean, which 
includes the subice shelf cavities and the processes acting at the ocean/ice in- 
terface. Model runs which include different subice environments, are used to 
quantify the importance of the crydsphere for Weddell Sea's circulation, water 
mass characteristics and deep and bottom water formation. 

SPATIAL/TEMPORAL PATTERNS IN WEDDELL GYRE 
CHARACTERISTICS AND THEIR RELATIONSHIP TO GLOBAL 
CLIMATE 

D, Martinson (*) 
* Lamont-Doherty Earth Observatory, Columbia University 
dgm@ldeo.columbia.edu/Fax: (914)365-8736 

A set of parameters that impose controls or limitations on the sea ice distribution, 
ocean vertical heat flux and ocean bulk stability have been computed for the Weddell 
gyre region. These parameters are derived from a set of scalings that involve vertical 
distributions of temperature and salinity in the upper water column. They provide 
seasonally-averaged information on: (1) the maximum amount of in situ ice growth 
in any one location, (2) the ratio of ice melt to ice growth, (3) the amount of ice that 
has melted in any particular summer location, and (4) the ocean winter-averaged heat 
flux. Climatological maps of these parameters are presented for the Weddell gyre 
region. These show coherent spatial patterns, many reflecting the gyre structure. An 
EOF analysis is used to investigate the temporal variability of these patterns. This 
involves an optimal interpolation of the observations which have been sporadically 
collected in space and time over the last 25 years. The temporal variability of the 
dominant structure is correlated to standard extra-polar climate indices and to 
variations in the sea ice edge (also tied to global climate indices). This study shows 
strong lagged correlations between some of the parameters and the El-Nino - 
Southern Oscillation (ENSO) index (and other indices), with the magnitude of the 
temporal lag displaying a spatially-varying pattern consistent with the gyre structure. 
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DEEP OCEAN VENTILATION THROUGH ANTARCTIC INTERMEDIATE 
WATERS: THE DOVETAIL PROGRAM 

R.D. Muench 
Earth & Space Research, 1910 Fairview E., Suite 102, Seattle, WA 98102 USA 
nmiench@esr.org/Fax 206-726-0524 

The goal of the international program for study of Deep Ocean VEntflaüon Through 
Antarctic Intermediate Layers (DOVETAIL) is to understand physical processes in the 
Weddell-Scotia Confluence (WSQ region sufficiently to quantify the ventilation of the 
World Ocean achieved by Weddell Sea water masses. There are four related objectives, 
the first being to assess the quantity, physical and chemical characteristics of Weddell Sea 
source waters for the WSC. The second objective is to describe the dominant physical 
processes associated with spreading and sinking of dense Antarctic waters within the 
WSCregion. The third is to estimate the ventilation rate of the World Ocean from the 
Weddell Sea. The final objective is to estimate seasonal fluctuations in regional ocean 
transport and hydrographic structure, and assess the likely influence of interannual 
variability on rates of ventilation by Weddell Sea waters. These objectives are 
approached through integrated field measurements and numerical modelling. Two field 
programs have taken place to date. During the first, in March 1996, the German vessel 
Polarstem deployed six long-term moorings off the Antarctic Peninsula in a joint 
German/Spanish effort. During the second, in August 1997, the U.S. vessel Palmer 
carried out extensive water property and current measurements in the WSC region and 
deployed an additional 11 current moorings. Data will be recovered from the moorings 
during 1998 and into 1999. 

SPREADING OF WATER MASSES FORMED IN THE WEDDELL 
SEA 

M. Schodlok and H.H. Hellmer 
(Alfred-Wegener-Institute for Polar and Marine Research, Am Handelshafen 
12, D-27570 Bremerhaven, F.R. Germany; phone: +49-471-4831-277; e-mail: 
hhellmer@awi-bremerhaven.de) 

Water masses newly formed in the Weddell Sea participate in the global ther- 
mohaline circulation. Depending on the formation process and its location 
along the Weddell Sea periphery, these water masses follow different routes, 
which do not always allow a direct escape from the Weddell Basin, surrounded 
to the north by a ridge with sill depths of 3000 m. Recent field experiments 
(ISW-1 and DOVETAIL) show that water masses formed along the western • 
Weddell continental slope can pass northern sills to form the bottom waters of 
the Scotia Sea from where further spreading to the north is possible. Water 
masses carrying the meltwater from the Filchner-Ronne Ice Shelves sink and 
flow at greater depth allowing an escape only in the eastern Weddell Sea. How- 
ever, the observations are limited in space and time possibly leaving further 
escape-routes still undiscovered. We investigate the routes and transports of 
newly formed waters by "deploying" Lagrangian floats at different locations in 
a terrain-following, primitive equation model (SPEM) for the Southern Ocean 
south Of 50S with higher resolution (~20 km) in the Weddell Sea. The deploy- 
ment locations are the northern sills of the Filchner and Ronne Depressions on 
the southern Weddell Sea continental slope. 

SI> MESOSCALE CIRCULATION AT THE ANTARCTIC POLAR 
FRONT - IMPACTS ON PRIMARY PRODUCTION. 
A.C,ÄycliaJ3»ial»to (Oceanography Laboratories, University of Liverpool) 
V.H. Strass (Alfred Wogoner Institut, Bremerhaven) 
H Tmrli (Oconnograpby tuboMlorlM, Unlvorrity of LIv«r|>ool) 

Annlyd.* of dorta collected during a- mesoacftle 3D auivtj of jui AüUU li». TVlai 
Front (APF) meander near 10 E, 50 S using a towod undulator (Seasoar), a 
vessel-mounted Acoustic Doppler Current Profiler and a moored current meter 
is utilised to test the hypothesis that the cross-front circulation resulting from 
haronluiic Instability fosters primary production »«the APF. During frnnlogc- 
nctic events, such as the one encountered in our mirvey, a generally southward 
ngaislropliie flow near the surface (calculated as ~ 1 cm/s from soinlgeostrophlc 
(SG) balance) lends to staWliiie the upper water column by causing light wa- 
ter from the north to overlay denser water from the south, hence creating a 
more favourable photic environment Cor pliytupUuilctou growth in the mixed 
layer. The associated Aies&Jtt&ld upwrHiug in lW nutllivui aid« uf lliu ArF 
(inferred to be ~ 5 in/day by use of the SG Omega Equation) Is also able to 
ntpl«uh<h the photic rone with nutrients or trace elements which could other- 
wise limit production. This circulation pattern poses a significant constraint 
to the distribution of nutrients in the Southern Ocean: firstly, by opposing the 
northward Ekman transport of nutrients upwcllcd In the Antarctic Divergence 
to the south; and secondly, by enhancing nutrient uptake rale« In parallel to 
primary production, with possibly an intemilfled biologically-mediated verti- 
cal particle flux. The otiaerved sharpening of the meridional gradient of silica 
concentration at the APF might bo Interpreted In terms of these two processes. 

ANTARCTIC CURRENTS IN HIGH-RESOLUTION OCEAN 
AND CLIMATE MODELS 

Albert Semtner and Yuxia Zhang 
Oceanography Dept., Naval Postgraduate School, Monterey CA 93945, USA. 
sberteucar. edu/Fax: [+1] 408 656 2712 

Results from two ocean models are used to improve understanding of ocean 
circulation in the ice-covered seas around Antarctica. Primitive-equation free- 
surface thermohaline models were coupled to Hibler ice models. Each model is 
global but has high polar resolution resulting from a mercator grid finer than 
20 km (or 50 km) south of 60°S and from 20 (or 32) levels. The first model was 
run 40 years from Levitus initial conditions, using ECMWF wind stress and 
heat flux with surface salinity restoring. The second model was run 95 years 
from Levitus using repeated 5-year atmospheric forcing from NCAR's latest 
Community Climate Model without restoring; and deep water was accelerated 
out to 500 years. The first model better depicts the narrow coastal currents 
around Antarctica and the mesoscale eddies and filaments further offshore, 
while the second model better depicts deep circulations such as the outflow from 
the Weddell and Ross Seas and their connections to the global thermohaline 
circulation. Together, the models provide a view of Antarctic circulation that 
matches and extends much of the available knowledge from observations. The 
overall circulations are quantified in terms of the transports of mass, heat, 
and salt, as well as the surface forcings. Another paper by Zhang and Semtner 
discusses connections of the upper ocean to the sea ice, with particular emphasis 
on heat and salt fluxes and advection and convection under ice and in polynyas. 

I 
A GLOBAL OCEAN-SEA ICE COUPLED MODEL : RESULTS 
FOR ANTARCTIC SEAS 

D. Salas y MeTia (1) and Finn Thorkildsen (2) 
(1) Centre   National   de   Recherches   Meteorologiques,   Toulouse,   France, 
(2) Nansen Environmental and Remote Sensing Center, Bergen, Norway. 

A dynamic and thermodynamic sea ice model, ICESTATE, has been devel- 
opped in NERSC and CNRM from 1996. The model was primarily aimed at 
describing mesoscale processes, but it can also be used on the large scale. We 
focus on results around the Antarctic in the present study. 
First, the model was just forced by meteorological and ocean data, and the 
inclusion of sea ice dynamics showed significant improvements in sea ice extent 
and concentration. Also, the ice edge was well positionned at any time of the 
year. In addition to this control experiment, sensitivity studies were performed. 
ICESTATE turned out to be moderately sentitive to temperature changes, but 
not so much to cloud fraction variations, because they had opposed effects on 
long and short wave incoming solar radiations. Second, ICESTATE was run in 
coupled mode; again it can be emphasized that the implementation of sea ice 
dynamics contributed strongly to yield much better results than the previous 
thermodynamic-only version. 

SEASONAL VARIABILITY OP SEA ICE IN A COUPLED ICE- 
OCEAN MODEL FOCUSSED ON THE WEDDELL SEA 

R. Timmermann and A. Beckmann 
(Alfred-Wegener-Institute for Polar and Marine Research, Am Handelshafen 
12, D-27570 Bremerhaven, F.R. Germany; phone: +49-471-4831-261; e-mail: 
rtimmerm@awi-bremerhaven.de) 
Seasonal variations of the sea ice cover in the Southern Ocean represent one of 
the most pronounced signals in the annual cycle of the world climate system. 
The freezing and melting of sea ice controls the amount and location of deep 
and bottom water formation in the Weddell Sea which is a major source of the 
bottom water of the world ocean. Part of the BRIOS (Bremerhaven Regional 
Ice-Ocean Simulations) project aims at an improved numerical simulation of 
the ice-ocean system in this area, and specifically at a quantitive description of 
the interplay between sea ice, ocean currents and local topography. The model 
consists of a dynamic-thermodynamic sea ice-model with viscous-plastic rheol- 
ogy (based on Hibler/Lemke) coupled to a sigma-coordinate primitive equation 
ocean model (SPEM). The ocean model includes the thermohaline forcing in 
the cavities beneath the Antarctic ice shelves. Model runs are initialized using 
the Southern Ocean Atlas and forced with wind, cloudiness and temperature 
fields of the ECMWF 6h-analyses. The annual cylce is realistically reproduced 
by the coupled model, the sea ice distribution is in close agreement with SSM/I 
observations. Winter sea ice thickness compares well with drill hole measure- 
ments and with data of upward looking sonars (ULS). The main ocean surface 
current turns out to be generally important for the advection of ice but par- 
ticularly for the horizontal advection of heat during the melting season in the 
southern Weddell Sea. Parameter studies show sensitivity to prescribed precip- 
itation and sub-grid scale / mixed layer parameterization in the ocean model. 
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FLUORIDE SOURCES AND DISTRIBUTION AT NORTHERN VICTORIA 
LAND (ANTARCTICA) 

R. Udisti, S. Becagli, R. Traversi, S. Vermigli and G. Piccardi. 
Laboratory of Analytical Chemistry, University of Florence (Italy) 
udisti@cesit 1 .unifi.it 

The first effective distribution data of fluoride in the Region Northern Victoria Land 
(Antarctica) are reported here. An Ion Chromatographie method for the determination 
of this component was applied to four snow pits, a 22 m (63 years) fim-core and a 120 
m (about 700 years) fim-core; the four sampling stations differ for altitude and 
distance from the sea. As regard as fluoride concentration, mean winter values are 
higher than summer values for the three stations at lower altitudes; for the highest 
station, summer and winter mean values are coincident. The comparison between 
concentration/depth profiles of fluoride and sea spray markers with the analysis of the 
correlation between F- and Na+ concentrations for marine events shows an evident 
oceanic source and contemporaneous fractionating effects. Volcanic emissions are 
another sporadic source of fluoride: we found a typical volcanic event located at about 
90 m depth (about 450 years ago) demonstrated by the concentration increase of 
volcanic emissions typical markers. The temporal concentration/depth profile of a 22 
m firn-core shows a long term biomass-burning event demonstrated by the 
contemporaneous concentration increase of fluoride, carboxylic acids, potassium, 
ammonium and from a very high dust content. Moreover, higher concentrations of 
fluoride found in the period of Antarctic air mass stratosphere-troposphere exchange 
and an increase of concentration peaks number in the eightys respect to the previous 
and following period, make CFC another possible source of fluoride. 

SEA ICE PROPERTIES AT THE ANTARCTIC WINTER ICE EDGE FROM 
ERS-2 SAR IMAGERY 

P. Wadhams (1), F.F. Parmiggiani (2) and G. de Carolis (3) 
(1) Scott Polar Research Institute, University of Cambridge, (2) IMGA-CNR, 
Bologna, (3) ITIS-CNR, Matera 
pwl l@cam.ac.uk/Fax: +44-1223-356445. 

The Antarctic winter ice edge region has been investigated by only a small number of 
ship cruises, and has not hitherto been accessible to remote sensing by synthetic 
aperture radar (SAR) because Antarctic receiving stations have been summer- 
only.On July 4 1997 the German receiving station at OWggins, Antarctic Peninsula, 
carried out a short-term winter experiment in which a swathe of 21 images was 
obtained covering a transect of the Antarctic ice cover from the South Sandwich 
Islands into the Weddell Sea. The images covering the ice edge (at about 59°S, 
29°W) show a structure of frazil ice bands, transforming into pancake ice and finally 
into consolidated first-year ice, a sequence first observed by "Polarstern" in 1986. By 
using a novel cross-spectral technique to analyse the change in the wave number of 
ocean waves entering the ice, we were able to estimate the thickness of the ice in the 
frazil and pancake areas, and also obtain the wave spectrum at the point where the 
pancakes froze together to form a continuous cover. The distance to which 
detectable wave energy penetrated was measured. From the remainder of the 21 
images we were able to estimate the total ice concentration and the iceberg density as 
functions of latitude, and the regions in which substantial concentrations of multi-year 
ice could be found. 

RESPONSE OF THE WEDDELL SEA ICE PACK TO WIND FORCING 

JJUQlUa, J. Launiainen and T. Vihma 
Finnish Institute of Marine Research, P.O. Box 33, FIN-00931, Helsinki, Finland 
uotila@fimr.B/Fax: +358-9-331025/Tel: +358-9-613 94 425 

Seven buoys were deployed on sea-ice floes in the central Weddell Sea in January- 
February 1996 during the FTNNARP-96 expedition, which followed the FINNARP- 
89 and 92 expeditions. Two buoys had a meteorological mast, two were equipped 
with air pressure sensors and the remaining three transmitted location data only. Six 
buoys formed an array with initial mutual distances of 50 km, which were stretched 
to around 400 km in East-West direction by October 1996. Meteorological data of 
ECMWF analysis fields were interpolated at the buoy sites and compared with the 
buoy observations. Wind influence on the buoy drift was studied by assuming a 
simple linear wind-drift relationship corresponding to the free-drift conditions. Wind 
is the primary forcing factor of the ice motion in the Weddell Sea. The correlation 
coefficient (r) between the wind and the drift velocities was high (0.85). The drift 
correlated with the geostrophic wind (r=0.75), but not significantly with the 
ECMWF ten metre winds (r=0.4). The air-sea-ice heat exchange and atmospheric 
stratification and their interaction with the ice dynamics were studied. The 
differential kinematic parameters of the drift were calculated from the buoy array. 
Large scale drift was divergent, (S.Stl^JxlO-V1, but periods of convergence were 
apparent as well, and the standard deviation of the divergence was one magnitude 
greater than the mean value. The large scale vorticity corresponded the clockwise 
motion of the Weddell Gyre and the shearing rate represented mainly deformation 
due to zonal velocity gradients. Major features of negative vorticity and the shearing 
deformation occurred when low-pressure systems passed over the buoy array. 

OCEAN-ICE  INTERACTION  WITHIN  THE  WEDDELL  AND 
COSMONAUT SEAS FROM HIGH-RESOLUTION MODELS 

Yuxia Zhang and Albert J. Semtner 
Oceanography Dept., Naval Postgraduate School, Monterey CA 93943, USA. 
zhangyCucar.edu/Fax: [+1] 408 656 2712 

Outputs from two coupled ocean-ice models are analyzed and compared to 
study Antarctic ocean and ice interaction. The sea ice models are based on Hi- 
bler's dynamic-thermodynamic model. One of the ocean models is the Semtner- 
Chervin 1/4" on average, 20-level global model, and the other is the Los Alamos 
Parallel Ocean Program (POP) with 2/3° on average, 32 levels. Both models 
have much smaller horizontal grid sizes in polar regions. ECMWF and CCM3 
winds and heat fluxes are used to drive the Semtner-Chervin model and the 
POP, respectively. More descriptions of the models can be found in another 
paper by Semtner and Zhang, which discusses Southern Ocean general circu- 
lations. Large spatial and temporal variations of under-ice oceanic heat flux 
is present in the models with maxima located in the eastern Weddell Sea, the 
Cosmonaut Sea, and near Maud Rise in winter. These are regions where recur- 
ring polynyas are observed and simulated. Effects of ocean eddies and upwelling 
on under-ice oceanic heat flux and the occurrence of polynyas are investigated. 
Upwelling is induced both by large scale circulation and topographic effects. 
Quantitative analyses of the influence of ice growth/melt and associated salt 
flux on the salinity of shelf water and the upper ocean are shown. The im- 
pact of heat and salt fluxes on static stability of the water column, and thus 
convection, is discussed. 

DIRECT VELOCITY MEASUREMENTS RELATED TO WEST- 
ERN WEDDELL OUTFLOW: TRANSPORTS AND MIXING 

M. Visbeck 
LDEO, Columbia University; Palisades NY 10964, USA . 
Tisbeck01deo.columbia.edu 

As part of the international DOVETAIL Program, an array of CTD with 
LADCP stations were obtained from the N. B. Palmer in August and September 
1997. The LADCP velocity measurements showed new aspects of the circula- 
tion within the Weddell - Scotia Sea confluence region: 
1) At several stations we found eastward flowing bottom intensified currents 
south of the South Orkney Islands with velocities exceeding 10-20 cm/s. These 
flows are strongly affected by the local bathymetry, carry newly ventialted 
Weddell Sea Bottom Water (WSBW) and would be excellent sites for longterm 
moored observations. 
2) The total eastward transport of the Weddell gyre was about 50 Sv measured 
along sections at 45°W and 40°W. The transport for all layers with a temper- 
ature below O'C was about 40 Sv and 10 Sv for layers colder than -0.5°C. 
3) North of the South Orkney Island we found a deep westward flowing bound- 
ary current with velocities exceeding 20 cm/s and Weddell Deep Water mass 
signatures. 
4) Bulk Richardson number calculations allowed us to identify regions of large 
diapycnal mixing over rough topography and near the boundary currents. These 
regions of elevated deep mixing are important since they allow WSBW to mix 
upward and thereby ventilate the Weddell Deep Water (WDW). 
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HYDROLOGICAL CHARACTERISTICS OF THE LIW IN LONG 
INTEGRATED OGCM EXPERIMENTS 

V. Artale (1), F. D'Ortenzio (2), D. Iudicone (2), S. Marullo (1), V. Rupolo (1) 
and R. Santoleri (2) 
(1) C. R. Casaccia, ENEA, Roma, Italy, (2) Istituto di Fisica dell'Atmosfera, 
Consiglio Nazionale delle Ricerche, Roma, Italy. 

The assessement of the capability bf representing the present day circulation in 
long integrated experiments is the first task in order to perform climatic studies 
with OGCM. In particular, the right determination of the water masses hydro- 
logical characteristics is a crucial factor for the representation of thermohaline 
circulation in the Mediterranean Sea, where mixing phenomena between water 
masses formed in connected evaporative sub basins play an important role in 
the determination of the circulation. 
In this work we focus our attention on the main feature of the thermohaline 
circulation of the Mediterranean sea: the formation and spreading of the Lev- 
antine Intermediate Water (LIW). We introduce new parameterization both of 
the surface tracer restoring terms and of the tracer diffusivity coefficient and 
we force the model with high space and time resolution data set for wind stress 
and SST (ECWMF wind, and satellite SST, respectively). As a result we ob- 
tain that the previously observed warming of the LIW is eliminated and the 
correct hydrological values the Mediterranean water masses and the right ener- 
getic balance are obtained. A hierarchy of numerical experiments is presented 
in order to determine the relative importance of the new parameterisations and 
boundary conditions we have introduced. 

A NUMERICAL STUDY OF THE GIBRALTAR STRAIT. 

V. Artale (1), R. Conversano (2) and G. Sannino (1) 
(1) C.R. Casaccia,ENEA,Roma,Italy, (2) Phys. Dept.,La Sapienza.Roma.Italy. 

The Strait of Gibraltar is a narrow and shallow channel between the Atlantic 
Ocean and the Mediterranean Sea with an internal hydraulic jump to the west 
of the sill and a two-layer inverse estuarine circulation. We tried to understand 
the role of the Strait of Gibraltar in the circulation of the Mediterranean with 
a direct numerical simulation approach. The numerical simulation was per- 
formed using GWEM (Gibraltar Water Exchange Model), based on the POM 
(a primitive equation, time-dependent, free surface, split mode time-step model 
with Boussinesq and the hydrostatic approximation). The computational do- 
main (18°W to 3°E and 30^ to 42°N) uses a horizontal curvilinear orthogonal 
grid (120x60 elements) with variable grid resolution (1.5 Km -> 50 Km). Along 
the vertical a 21-level sigma-coordinate system is used, shaped on a realis- 
tic bathymetry. The starting fields of temperature and salinity are the July 
Levitus 94 data, interpolated bi-linearly in the horizontal and linearly in the 
vertical while the starting velocity field is null. The momentum flux at the sur- 
face and the wind stress components are not yet considered. The GWEM has 
two lateral (east and west) sponge boundary layers in order to prevent wave 
reflections and to restore the ocean density to the monthly condition through 
a Newtonian relaxation. Initially this model was used to perform simulations 
suitable for defining the locations of subcritical , critical and supercritical flow 
in stationary conditions; then tidal effects are added to find the new critical 
Froude number locations. 

COMPARATIVE STUDIES BETWEEN RESULTS FROM BOX 
MODELS AND OGCMS APPLIED TO THE MEDITERRANEAN 
SEA 

V. Artale (1), V. Rago (1), D. Iudicone (2) and V. Rupolo (1) 
(1) C. R. Casaccia, ENEA, Roma, Italy, (2) Istituto di Fisica dell'Atmosfera, 
Consiglio Nazionale delle Ricerche, Roma, Italy. 

A comparison between results from an OGCM (MOM) and a box model applied 
to the mediterranean circulation is performed. The box model consists in three 
vertical boxes connected to the Atlantic through an inflow in the middle box 
and an outflow from the lower box. Mixing is parameterized in terms of two 
vertical diffusion coefficient and the convective events are represented by an 
infinite vertical diffusion when static instability occurs. 
This simple model is able to represents the thermodynamics of an evaporative 
basin and when applied to the mediterranean case the comaparison with the 
results from a realistic model is satisfying. Consequently we consider this box 
model as an handling and useful tool in order to isolate both the main mech- 
anisms of the mediterranean circulation and to test the impact of particular 
physical phenomena. In particular we show that this kind of comparison can be 
useful in order to rationalize the relation between surface boundary condition, 
vertical diffusivity and convective events. Moreover we test in the box model 
the impact of the physics of the Straits in the general circulation introducing 
the hydraulic control through the overmixing theory. The resulting more effec- 
tive mixing in the basin indicates the active role played by the straits in the 
general circulation and can be useful for parameterizing it in a OGCM. 

MODELLING OF THE COASTAL OCEAN CIRCULATION IN 
THE NORTH-WESTERN MEDITERRANEAN SEA: METHOD 
AND RESULTS 

F. Auclair, P. Marsaleix, C. Estournel and S. Casitas 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 
Toulouse. 

In the last decade, oceanographic models have quickly evolved toward a realistic 
description of the general circulation of the Mediterranean. However, compu- 
tational costs remain prohibitive as soon as we are interested in small scale 
informations. A straightforward solution is then to model only the most salient 
part of the the basin using a small scale grid and a well adapted free-surface 
coastal model. Such an approach raises the problem of the specification of the 
general circulation: the initialization and the choice of the boundary conditions. 
We developed an original approach based on inverse technics. Data originating 
from in-situ observations and/or general circulation models are optimally in- 
terpolated over the small scale grid in such a way that they do agree with the 
physics of the free surface model Symphonie. A case of particular interest we 
shall focus on, is the study of the interaction of the west-Mediterranean general 
circulation with the topography of the continental shelf of the Gulf of Lions. 

ANALYSIS OF FLOW AND TRANSPORT MEASUREMENTS IN 
THE STRAIT OF GIBRALTAR 

Burkard Baschek and Uwe Send 
Institut für Meereskunde, Kiel, D-24105 Kiel. 
bbaschek«iim. uni-kiel. de/Fax: +49-431-5973805 

During the pilot phase for the EC-Project CANIGO, moored current meters 
were deployed in the eastern entrance of the Strait of Gibraltar and at the 
sill from Oct. '95 to Apr. '96. Additionally ship-board flow observations were 
obtained during two CANIGO cruises in Apr. '96 and Oct. '97. A combined 
analysis of ship-borne and moored measurements is presented which aims at 
improving the description and understanding of the temporal and spatial struc- 
ture of flow in the Strait. With this a suitable sampling strategy for future mea- 
surements can be designed. It also helps to improve estimates of mass transport 
through the Strait from past and future data sets. 

I 
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GAS TRANSFER PARAMETRIZATION IN THE WESTERN 
MEDITERRANEAN 

T. Badewien and M. Rhein 
Institut für Meereskunde.Kiel, D-24105 Kiel. 
tbadewienCifm.uni-kiel.de 

An one dimensional mixed layer model representing the Gulfe du Lion is driven 
by three different meteorological data sets: (1) METEO, based on the weather 
stations Pomegues and Cap Bear, (2) COADS, and (3) ECMWF. Included in 
the model are three air-sea gas transfer parametrizations. The influence of the 
meteorological forcing and the gas transfer on the vertical chlorofluorocarbon 
(CFC) distribution, components CFC-11 and CFC-12, is discussed for a period 
of one year fom Dec. 1991 to Dec. 1992. The modeled CFC profiles are compared 
with observations made on the RV Valdivia cruise 118 in spring 1992. It turns 
out that only the METEO forcing produces observed mixed layer depths. For 
the gas transfer parametrization, only the formulation of Liss and Merlivat led 
to model CFC profiles comparable to measurements. 

THE RESPONSE OF THE ADRIATIC SEA TO AN IDEALISED 
TRAVELING STORM 

Josko Bobanovic" 
Dalhousie University,  Oceanography  Department,  Halifax,  NS,   B3H  4J1, 
Canada. 
joskoCphys.ocean.dal.ca/Fax: [+1] 902-494-3877 

The response of the Adriatic Sea to an idealised traveling storm is studied using 
a simple storm surge numerical model. Most of the research on the wind driven 
currents in the Adriatic Sea concentrated on steady response. Recent results 
by Orlic et al. (1994) show the character of steady barotropic response to both 
bora and sirocco forcing. Be'rgamasco and Gacic (1996) extended the results of 
this analysis by considering the response of the stratified Adriatic Sea to and 
episode of bora wind. The observations, however, show interesting transient 
features associated with both winds. 
Both bora, a norhteastern wind, and sirocco, a southeastern wind, represent 
transient phenomena and are related to migrating cyclonic systems that prop- 
agate over the Adriatic^ Therefore, a model of an idealised storm is used here 
to study the transient response in currents and sea level. The analysis concen- 
trates on the northern part of the Adriatic where long-term observations of sea 
level and currents are available for comparison against the model predictions. 
Model predicted currents and sea level are analysed using complex empirical 
orthogonal functions. The results suggest that the transient response of the 
Adriatic Sea strongly depends on the propagation speed of the storm as well 
as its track. 

RESULTS OF THE MEDITERRANEAN MODELS EVALUATION 
EXPERIMENT (MEDMEX) 

3. M. Beckers (1) and MEDMEX group, E.U. concerted action MAS2-CT94- 
0107  (2) 
(1) Research Associate, F.N.R.S., University of Liege, Sart-Tilman Bö, B-4000 
Liege, Belgium, (2) http://modb.oce.ulg.ac.be/MEDMEX. 

The aim of the present work was to achieve an intercomparison of the existing 
models which are currently applied to the Mediterranean Sea. 
A relatively complex model test situation was chosen: the realistic situation 
found in the Mediterranean circulation, were two experiments were initiated. 
The models participating in the intercomparison (MOM, POM, GHER, OPA. 
MOMb) all used the same horizontal grid (1/4°), 31 vertical degree of freedoms, 
as well as the same external forcings. 
The first experiment was based on robust climatological perpetual year ap- 
proach, in which atmospheric forcings were monthly averaged wind stress fields 
and SST/SSS values for surface relaxation of the density field. 
The second experiment used daily wind stress and heat fluxes instead. 
The presentation of the results will present the general model agreements on 
circulation patterns and fluxes through straits and show the different model's 
drift for the different forcings. 
Some tentative explanations of the difference in the model behaviour will be 
given, specially with regard to the vertical exchange parameterisations. 

DECADAL AND INTERANNUAL VARIABILITY IN THE 
MEDITERRANEAN SEA: MODEL SIMULATIONS AND OBSER- 
VATIONS 

J.M. Brankart and N. Pinardi 
IMGA-CNR, Via Gobetti 101, 40129, BOLOGNA, Italy. 
jmbOanneris.imga.bo.cnr.it/Fax: [39] 51-639 8019 

A general circulation ocean model of the Mediterranean Sea (1/4 of a degree 
horizontal resolution and 31 levels) has been used to simulate the decadal and 
interannual variability of the flow field from 1946 to 1993. Surface forcing is 
given by COADS (Da Silva et al., 1995) heat and momentum fluxes while sea 
surface salinity is restored to climatological monthly mean values. Heat flux cor- 
rections are applied to impose a balance between heat advection at Gibraltar 
and heat flux at the basin air-sea interface, using COADS sea surface temper- 
ature fields. The MODB historical data base has been analyzed to provide the 
comparison data set to validate the model response. Four regions, like the Gulf 
of Lions, the Tyrrhenian, the Northern Ionian and the Rhodes Gyre area have 
been analyzed with advanced statistical methods in order to produce time se- 
ries of sea surface temperature and heat content for the same years of the model 
integration. The model and historical data are then intercompared as well as 
spectra of relevant time scales of variability for both model and observational 
data sets. Further comparison of quasi-synoptic data sets with model simula- 
tions is done in order to assess the quality of the model dynamical response. 

COMPARISON OF VERTICAL PROJECTION SCHEMES 
APPLIED TO DATA ASSIMILATION IN THE MEDITER- 
RANEAN 

M.Benkiran and P. De Mcy (LEGOS. 18 Avenue Edouard Belin. 
31401 Toulouse cedex 4. France) 

The main aim of this work is tin- assimilation of altimetric data into a primitive 

equation numerical model for the Mediterranean Sea. The Mediterranean model 

is run with two resolutions: ~". 1!) levels and ~". :tl levels. We start by making a 

climatological run ill order to have a steady initial stale for the subsequent runs. 

We then nse high-frequency, realistic atmospheric forcings from ECMWF (Euro- 

pean Outer for Medium-Range Weather forecast) for a two year run l'J!)'J-:i.J. We 

then use an optimal interpolation technique to assimilate TOPEX-POSE1 DON al- 

timetric data over the same period. Three different vertical projection schemes are 

compared: a statistical method based on vertical empirical modes. The Gavart and 

De Mey(l!l!J7) isopycnal modes anil The Cooper anil Haine»! 1096) method. The 

vertical modes are calculated from model statistics dnring 10!t:). with ECMWF 

forcing. The assimilation results show that the \" resolution MOM mod-! has 

the ability to produce realistic circulation with some predictive capabiliths in the 

T-l I days range. Sensitivity stndies have also been carried out : in particular to 

study the influence of F.RS-I data on the assimilation, the choice of statistical 

parameters, the localisation of empirical modes, the use of a smoother mode and 

the choice of forcing functions. 

SOME FEATURES OF THE VERTICAL CIRCULATION IN THE BLACK 
SEA 

Sergei N.Bulgakov.Instituto de Astronomia y Meteorolodia, Guadalajara University. 
Guadalajara,Jalisco,Mexico, E.mail: sbulgaco@udgserv.cencar.udg.mx 
Vladimir M.Kushnir.Marine Hydrophysical Institute NASU., Sevastopol.Ukraine. 
E.mail: aoi@mhi2.sebastopol.ua 

Methods of calculation of the vertical current component profiles w(z) on the basis 
of the statistical method of the maximal verisimilitude are created for analysis of the 
vertical circulation characteristics. The data of survey of the density and currents 
fields in the North-Western Black Sea were used for this purpose. Following 
results are received on the base of executed accounts'. 1. Vertical circulation in kind 
of two cells with opposite character of rotation and with layer of zero speeds in 
central piknokline part was observed in the region of the Main Black Sea Rim 
Current. Maximal significances w(z) are equal from 1 to 4 m/day. Such structure of 
the vertical circulation corresponds to the hydrodinamical model of the formations 
of the currents fields and stratification in the Black Sea under action of the buoancy 
flows (Bulgakov,Korotaev,1984; Bulgakov,Korotaev.Whitehead, 1996; 
Bulgakov, 1996). 2. Vertical circulation renders the specific influence on the optical 
and chemical characteristic: the turbidity extremum is increased in 2.5 times in w=0 
layers in comparison with background conditions; significant intensity of the 
phosphate and nitrate extremums are observed in this layer also. 
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ON DENSE WATER FORMATION CRITERIA AND THEIR AP- 
PLICATION TO THE MEDITERRANEAN SEA. 

B.Buongiorno - Nardelli (1), E.Salusti (2) 
(l)IFA - CNR, Piazzale Sturzo 31" Roma, Italy, (2) I.N.F.N. 
Universitä di Roma "La Sapienza", Roma, Italy 

Dip.to di Fisica, 

In this note, recently proposed criteria to identify sites, periods and char- 
acteristics of dense water formation in the Mediterranean basin are analyzed. 
These criteria were first obtained through tank experiments (Narimousa and 
Maxworthy, 1994; Narimousa, 1996) and numerical and theoretical studies (Vis- 
beck, Marshall, Jones, 1996 and Tzipperman, 1986); they can be useful to dis- 
criminate between the processes that reach the sea bottom and those interesting- 
only a less thick superficial layer. Using these criteria, general characteristics 
of dense marine water can be inferred from the knowledge of winter sea strati- 
fication g1, of the sea buoyancy increase B, as due to the violent winter storms 
at study, and the space scale R of the region interested, usually identified by a 
decrease of 0,5 - 1°C of the SST. For the Mediterranean sea, these criteria are 
here applied to the few known field observations, as well as to more indirect 
"routine" information as climatological values of the stratification, numerical 
estimates of the buoyancy flux and remotely sensed SST from satellite imagery. 
In this way a stimulating picture of these dramatic phenomena is obtained, giv- 
ing some insight on the possibility of forecasting in real time sites periods and 
also other general characteristics of dense water formation processes. 

INTERANNUAL  AND   SEASONAL  VARIABILITY  OF   THE 
MEDITERRANEAN ECOSYSTEM.   A NUMERICAL STUDY. 

A. Crise and G. Crispi, C. Solidoro 
Osservatorio Geofisico Sperimentale, P.O. BOX 2011 34016 Trieste, Italy. 

The relative importance of interannual and seasonal scales in the variability of 
the biomass is addressed using MOM-NPD+, a three-dimensional hydrodynam- 
ical ecological model developed for the Mediterranean within MATER project. 
The variability in the physical forcings has been recognized as a major compo- 
nent of the variability of the upper ocean circulation which in turns affects the 
ecosystem dynamics, in particular where nutrients control the growth rate of 
primary producers. The seasonal variability is the main signal of ecosystem cy- 
cle where the mixed layer deepening triggers the events that create the nutrient 
pools in the euphotic zone. Convective episodes increment the entrainment of 
nutrients in the surface layer. The interanual variability in the euphotic zone is 
mainly dependent on the concomitant variability in the wind stress, while light 
and temperature appear not so relevant. The 'anomalous' 1981 and 1986 winter 
winds, as reproduced in NMC monthly mean data set, generate an increment 
in the autotrophic biomass. Quantitative assessment of the relative importance 
of forcings in time and in the subbasins strongly support the different response 
in the eastern and western subbasins. 

NUMERICAL SIMULATIONS OF THE MEDITERRANEAN 
GENERAL CIRCULATION FOR THE PERIOD 1979-1993 

S. Castellari and N. Pinardi 
IMGA-CNR, Via Gobetti 101, Bologna, 1-40129, Italy. 
sergioflimga.bo.cnr.it 

A long-term numerical simulation (15 years) with an Ocean General Circulation 
Model (OGCM), a modified GDF-MOM1, are carried on to analyze the interan- 
nual variability of the circulation (velocity and dynamic height) and water-mass 
formation processes for the period 1979-1993 in the Mediterranean Sea. The 
model, with 31 levels and 0.25 degree of horizontal resolution, is forced by mo- 
mentum fluxes (wind stress) and heat fluxes (with all the surface heat budget 
components) at the surface. The atmospheric forcing are the 6-hourly ECMWF 
re-analysis surface fields (wind velocity, air temperature and relative humidity) 
and the UWM-COADS cloud cover data. The Western Mediterranean Deep 
Water (WMDW), the Eastern Mediterranean Deep Water (EMWD), consist- 
ing of Adriatic and Aegean water, Levantine Intermediate Water (LIW) and 
Levantine Deep Water (LDW) are analyzed in their areas of formation in dif- 
ferent ways (vertical sections and formation rates). The climatic event of an 
intrusion of Aegean deep water in the bottom water of the Eastern Mediter- 
ranean since 1988 has been detected and analyzed. 

BOX MODELS OF THE MEDITERRANEAN SEA AND MULTI- 
PLE EQUILIBRIA OF THE THERMOHALINE CIRCULATION. 

F. Colas (1) and M. Crepon (1) 
(1) Laboratoire d'Oceanographie Dynamiqueet de Climatologie, Paris, France. 
E-mail: mcClodyc.jussieu.fr 

Box models allow a good qualitative description of phenomena which affect 
thermohaline circulation, such as multiple equilibria or oscillations. 
A very simple model of the Mediterranean sea, with 3 vertically homogeneous 
boxes, is formulated considering that the role of salinity is preponderant in 
driving the circulation. Climatological forcing is simply modelled by a Newto- 
nian restoring law. This modeling approach is equivalent to solve ä non-linear 
dynamics systems whose control parameters are linked to climatology. 
Different climatological situations have been investigated. It is found that under 
present conditions, there is one main stable circulation cell. On the other hand, 
under paleoclimatological conditions, the model leads to multiple equilibria, 
which result from the competition between saline and thermal effects. The 
different equilibria are displayed by describing circulation cells and fluxes at 
Gibraltar's and Sicilian's straights. 

COMPARATIVE ANALYSIS OF SST INTERANNUAL VARIA- 
BILITY IN THE WEST MEDITERRANEAN SEA AND NORTH- 
EAST ATLANTIC OCEAN 

S.Djenidi (1), A.G.Kostlanoy (2), G.Lacrolx (1) 
and N.A.Sheremet (2) 
(1) GHER, Liege University, Belgium, (2) Shir- 
shov Institute of Oceanology, Moscow, Russia 
kostianoygglasnet.ru/Fax: +7-095-1245983 

Mean SST time series (1982-1992) for the entire 
West Mediterranean Sea have been compared with 
ones for the Sicilian upwelling region, the Li- 
gurian Sea and NE Atlantic Ocean (5-45N and 25W 
- coast of Africa and Europe). The analysis re- 
vealed not only a similar definitive rise of 
temperature by 1-2C since 1982 till 1987, but a 
similarity in the form of interannual seasonal 
cycles. The Sicilian upwelling summer SST rised 
by 5C due to additional decreasing trend of the 
wind (upwelling favorable wind stress) over the 
West Mediterranean Sea, resulting in a corres- 
ponding diminution of the upwelling intensity. 
1988-1992 time period showed notable differen- 
ces basically in winter SST trends. 

TRANSPORTS IN EASTERN MEDITERRANEAN DURING 
WINTER 1995 

P.G. Drakopoulos (1) and M.N. Tsimplis (2) 
(1) Institute of Marine Biology of Crete, Iraklio Greece,  (2) Southamton 
Oceanography Centre, Southampton,UK. 

Using CTD data collected during the January 1995 Meteor cruise in Eastern 
Mediterranean, transports across four meridional sections are estimated. The 
sections consist of one covering the Ionian Sea, two sections west and east 
of Crete and one section west of Cyprus. Density and geostrophic flow are 
estimated assuming initial reference level at 500 dbar. In order to determine an 
adjustment factor for the geostrophic shear, ADCP data are also incorporated 
in the analysis. The density field is split into five selected isopycnal layers and 
the transport in each layer is calculated demanding the net value across each 
section to be zero, with the exception of the section east of Crete where it is 
adjusted to account for the 1.2 Sv of westward transport of the Asian Minor 
current. No constraint on the volume transport of each layer is applied, as 
between the sections water mass formation is.probably taking place. The major 
pattern is water going wetsward at the surface layer in all sections and returning 
at deeper layers. The size of the overturning is of the order of 1.5 Sv. The 
resulting salt balance insdicates that there is divergence of salt transport away 
from the Levantine region. This in turn implies strong evaporation in the same 
region. The associated heat transport indicates that heat in the deeper layers 
is carried away from the Levantine. This feature is consistent with downwelling 
in the region. 

I 
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ISOPYCNAL MEDITERRANEAN DATA ANALYSIS 
AND SEASONAL VARIABILITY OF THE OUTCROPING 

A. Elmoussaoui and J.-M. Beckers 
GHER, Bö, Institut de physique, Sart Tilman, University de Liege. 4000 Liege, 
Belgium. 
A.Elmoussaouieulg.ac.be/Fax: [32] 4 366 23 55 

The isopycnal treatment has recently received a great deal of interest by 
oceanographers, because the isopycnal representation of spatial features can 
be very helpful in the interpretation of observed dynamical features and local- 
ization and analysis of the outcroping zones. It is well known that observing 
and understanding the outcroping allow a better knowledge of the mechanisms 
controlling the ventilation phenomenon and its variability, because the venti- 
lation occur generally along the outcroping areas. In the absence of diabatic 
processes, the stable stratification of the ocean constrains fluid motion to be 
nearly along surfaces of constant potential density. The aim of this study is 
to implement a new tool based on the cross validation technique and parame- 
ter optimization of Brankart and Brasseur (GHER) in order to reproduce the 
3D hydrographic fields in the isopycnal coordinates (as part of the MATER 
project). From the preliminary results, we can observe the seasonal and spatial 
variation of the outcroping. The oucroping zones are generally concentrate in 
the eastern region, the Adriatic Sea and the northern part of the western re- 
gion. This characteristics influence the ventilation system and the circulation 
in all Mediterranean Sea. 

IS DESERT DUST A POSSIBLE ATMOSPHERIC FERTILISER FOR THE 
MEDITERRANEAN ECOSYSTEM ? 

S. Guerzoni (1). P. Rossini (1) 
(1) 1GM-CNR, via Gobetti 101.40129 Bologna. Italy 
e-mail: guerzonilg igm.bo.cnr.it 

The role that eolian deposition play in supplying Fe to remote parts of the open ocean 
and the role that iron limitation plays in controlling primary production in some high 
nutrient low chlorophyll (HNLC) regions suggests that in these places there may be a 
direct connection between atmospheric and biological processes. Dust input to the 
nutrient-limited Mediterranean is one of the greatest in the contemporary ocean (20-50 
x 106 tons yr-1) and thus this area is a natural laboratory in which to study the effects 
of dust deposition on the surface ocean in a setting that is distinct from the HNLC 
regions. There have been several hypotheses that suggest that this large dust input is 
responsible for biogeochemical effects yet to date there has been no evidences to 
elucidating these effects directly .The current mechanisms that have been proposed by 
which dust affects the surface waters of the Mediterranean can be broken into two 
kinds: (i) the removal hypothesis states that the scavenging effects of dust remove 
surface water P04 and thus reduce surface water productivity: (ii) on the contrary (and 
not neccessarily mutually exclusively) dust is believed to add P04 to surface waters 
during partial dissolution. An alternative enrichment hypothesis suggests that the wet 
deposition of eolian dust results in enhanced surface water trace element 
concentrations, thus supplying significant amounts of biologically available reduced 
Fe. 

A VERY HIGH RESOLUTION MODEL OF THE CIRCULATION 
OF THE MEDITERRANEAN SEA 

D. Faggioli (1), L. Mortier (1) and M. Crepon (1) 
(1) Laboratoire d'Oceanographie Dynamique et de Climatologie, Paris, France. 

Building an eddy resolving circulation model of the Mediterranean Sea faces 
two main problems : relatively small dynamical scales (e.g. Rossby radius) and 
very complex topography features (several straits and sills, narrow shelves, ...). 
A model grid must accurately take into account these two constraints. We have 
computed the first and the second Rossby radius from the MODB data base 
for all seasons. The first Rossby radius ranges from 15 km in Alboran to 10 km 
in most areas and much less in winter, while the second Rossby has a mean 
value of around 3 km. Based on these scales, a grid for the whole basin with 
variable resolution of at least 7km has been built. This grid is exactly connected 
to the grid of the french ±° model of the North Atlantic. The topography 
is derived from the International Bathymetric Chart of the Mediterranean. 
The model is based on the OPA code, a three-dimensional primitive equations 
numerical model running on a Massively Parallel Processor machine. A first 
academic experiment has been performed on this high resolution and with 
realistic topography. It shows that coastal currents exhibit unstable behavior 
at small scales which are shown to rely on the slope of the shelves. 

RECENT REDISTRIBUTION OF HELIUM IN THE EASTERN 
MEDITERRANEAN 

Stephan Kämper 

Institut für Umweltphysik, University of Bremen, Germany 
skaemper@physik.uni-bremen.de, Fax: (49) 421 / 218-7018 

The distribution of helium in the ocean provides information about pathways of 
water masses. The results of two cruises of R/V Meteor in 1985 (M5/6) and 1997 
(M31/1) are compared with regard to helium data. The component separation 
procedure to quantify the components of oceanic helium ('terrigenic' JHe and 'He 
released from the ocean floor, 'tritiugenic' JHe) is applied to the data sets showing 
that this is a promising method for the data analysis. The helium distributions 
obtained in this way provide information about the turnover of water masses 
throughout the Eastern Mediterranean. The redistribution of helium in deep and 
bottom waters shows that old waters were displaced like it was found in the 
distributions pf other parameters. A turnover rate is estimated from the changes in 
the helium distribution. 

INTERANNUAL VARIABILITY OF THE DENSE WATER IN 
THE ADRIATIC SEA FOR THE LAST 40 YEARS. 

A. Giorgetti and B. Manca 
Osservatorio Geofisico Sperimentale, Opicina, Trieste, Italy. 
agiorgettiOogs.trieste.it/Fax: [39] 40 2140266 

The new Adriatic Sea data-set, obtained merging the historical one (Artegiani 
et al., J.Phy.Ocean. 27(1492-1532)) with data from the MODB (Mediterranean 
Oceanic Data Base), and from other recent projects such POEM (1985-1993), 
the European MAST/MTP OTRANTO (1994-1995) and PRISMA (1995- 
1996), was used to investigate the formation and time-evolution of dense water. 
The climatological thermohaline fields in the deep layer were obtained, for the 
first time, by including data from CTD casts that provided measurements down 
to the bottom. The dense waters formed during winter both in the Northern 
shelf area and in the Southern Adriatic emerged with greater clarity. The flow 
patterns of the Northern Adriatic Dense Water, that fills the Middle Adriatic 
Pit, and the core properties of dense water formed in the South Adriatic Pit 
by open-ocean deep convection are evidenced. Time series of the mean tem- 
perature, salinity and density values have been calculated for the last 40 years, 
considering the water masses that reside in the main dense water reservoirs. An 
interannual variability of the Adriatic Deep Water that resides in the Southern 
Adriatic Pit below the isopycnal surface <rs = 2S.2kg/m3 was detected and 
linked up to climatic changes. 

Identification, Pathways and Mixing oflntermediate Water Masses in the Eastern 
Mediterranean during October - November 1991. 

S. Kioroglou and A. Theocharis 
National Center for Marine Research, Aghios Kosmas, Hellinikon. 

The Levantine Intermediate Water (LIW) was historically considered as the dominant 
intermediate water mass in the Mediterranean, that is mainly formed in Northern 
Levantine Basin. However, it was reported that slightly denser water of Cretan (South 
Aegean) origin, the Cretan Intermediate Water (CIW), with similar but distinct (colder 
and more saline) from LIW characteristics (Theocharis et al. 1993) has been observed 
outside the Aegean Sea, in the vicinity of the Cretan Arc (Schlitzeret al. 1991). CTD 
data acquired during autumn 1991 within the POEM program show the presence of 
intermediate waters of different origin, age and characteristics, occupying the central 
region of the Eastern Mediterranean. This is possibly related to the dramatic 
thermohaline change that occured in the region in the last decade. In this work we 
study the spreading and mixing of the abovementioned masses. 
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MODELLING THE INTERANNUAL VARIABILITY OF THE 
ADRIATIC SEA GENERAL CIRCULATION 

A. Maggiore, M. Zavatarelli and N. Pinardi 
TMGA-CNR, Via Gobetti 101, 40129, Bologna, Italy. 
angel«imga. bo. cnr. it/Fax: [39] 51 6398132 

The response of the Adriatic Sea general circulation and water mass formation 
processes to interannually varying forcing conditions has been simulated with 
the Princeton Ocean Model. An advanced air-sea interaction physics has been 
implemented in the model. It utilizes the ECMWF Reanalysis 6-hourly atmo- 
spheric parameters, the COADS cloud cover data and the model predicted sea 
surface temperature. The interannual variability of the Po river runoff (north- 
ern Adriatic) is also considered. The variability of the Adriatic Sea main cir- 
culation features is discussed along with the simulated variability in the dense 
water formation processes that are compared with available data relative to 
specific yearsi In particular, the role of the surface fluxes interannual variabil- 
ity in determining the observed changes of temperature, salinity and density of 
the central Adriatic deep waters is discussed. 

THE TWO REGIMES OF INTERMEDIATE/DEEP FLOW PAT- 
TERN BETWEEN THE IONIAN AND ADRIATIC SEA 

B. Manca and V. Kovacevic, P. Scarazzato 
Osservätorio Geofisico Sperimentale, P.O. Box 2011 Opicina, Trieste, Italy. 
btiancaCogs.trieste.it/Fax: [39] 40 2140266 

Tfie Ionian Sea is the transition basin for the spreading of the Eastern Mediter- 
ranean Deep Water from its source, the Southern Adriatic Sea, to the Levan- 
tine basin. The Ionian receives the inflow of the Modified Atlantic Water from 
the Sicily Strait and the inflow of Levantine Intermediate Water. The recent 
changes "in the thermohaline circulation revealed a transition from a system 
with a single source of deep water in the Adriatic to one with an additional 
source in the Aegean. The Aegean water was added at great depths displacing 
upward and westward the less saline old water of Adriatic origin. Consequently 
a salinity decrease was observed in the northward branch of intermediate wa- 
ter entering into the Adriatic Sea, causing a density decrease of water mass in 
the Southern Adriatic Pit since 1992. The recent surveys, within the MATER 
project, show that water masses with core density of 29.19 kg.m'3 is exiting 
now across the Otranto Strait, whereas denser waters (29.24 kg.m- ) were 
documented in the previous regime. The recent ventilated dense waters, which 
flow out into the Northern Ionian, reside between the 900-2000 m depth. The 
Ionian abvssal layer is now occupied by warmer and saltier water of Aegean 
origin (density greater than 29.19 kg.m-3). This change suggests the intriguing 
possibility of two different configurations, between which the deep thermohaline 
cell of the Eastern Mediterranean has switched from 80's to 90's. 

G5    Ocean modelling from altimetry and remote 
sensing (joint with OA) 

Convener: Knudsen, P. 
Co-Convener: Le Traon, P.Y. 

ASSIMILATION OF TOPEX POSEIDON AND ERS ALTIMETER 
DATA FROM 1993 TO 1998 IN THE NORTHEAST ATLANTIC 

P. Bahurel (I), S. Giraud (2) and E. Dombrowsky (3) 
(1) SHOM/CMO, 42 Av G Coriolis 31057 Toulouse Cedex, (2) PB Consultant, 
18 Av de l'Europe, 31520 Ramonville, (3) CLS, 8-10, rue Hermes, Pare Tech- 
nologjque du Canal, 31526 Ramonville. 
»oapOsoprane.meteo.fr/Fax: [+33] 562 140 610 

In the context of the SOPRANE project, we have developped an assimilating 
model whose aim is to provide real-time operational ocean products including 
analysis and forecast. This model is derived from the SIMAN model (Blayo 
et al 1994) and the SOFA optimal interpolation scheme (De Mey 1994). This 
model covers the Northeast Atlantic from 24" to 54°N and from 35'E to the 
European/African coast. It features 10 levels on the vertical and a 1/10° hori- 
zontal resolution. The assimilation of altimeter data is performed through the 
succession of 1-week assimilation cycles during which surface altimeter data 
are assimilated in a model reduced state by optimal interpolation. The full 
state correction is then computed using the vertical EOF extension scheme 
first introduced by De Mey and Robinson (1987). A simple - non evolutive - 
error »variance propagation model is implemented. We have assimilated GDR 
TOPEX POSEIDON and OPR ERS 1 and ERS 2 altimeter data during the 
period from-1993 to 1998. The results obtained in the Azores/Canaria domain 
are discussed in terms of dynamical properties and seasonal variability of the 
currents. The impact on the assimilation results of the altimeter data processing 
which is performed prior to the assimilation is also discussed. 

TOPEX-POSEIDON DATA ASSIMILATION IN AN 
OCEANIC GENERAL CIRCULATION MODEL OF THE 
TROPICAL ATLANTIC 

S. ARNAULT (1) & E. GREINER (2) 
(1): LODYC, UMR 121 CNRS/ÖRSTOM/UPMC, Tour 14-2, 
case 100,4 place Jussieu, 75252 Paris Cedex 05, France 
Email: sa@lodyc.jussieu.fir 
(2): CERFACS, 42 avenue G. Coriolis, 31055 Toulouse cedex, 
France 
Email: greiner@cerfacs.fr 

TOPEX/Poseidon and ERS-1 altimeter sea level anomalies, 
expendable BathyThermograph temperature proöes, Sea 
Surface Salinities and Temperatures have been assimilated 
into a non-linear primitive equation model of the tropical 
Atlantic ocean during 1993-1994. The results are analyzed by 
comparison with reference data sets such as the CITHER 1 
data set. The emphasis is on thermal, salinity and current 
structures in the upper layers of the tropical Atlantic. 
Analysis of transports has also been conducted, especially in 
the North Equatorial CounterCurrent area. 

NORTH ATLANTIC SEA SURFACE VARIABILITY - A COM- 
PARISON BETWEEN ALTIMETRY AND NUMERICAL MOD- 
ELLING 

M. Baumgartner, W. Bosch, J. Bock and M. Schmidt 
Deutsches Geodätisches Forschungsinstitut, Abt.I, 80539 München, Germany. 
boscMdgii.badH-nuenchen.de/Fax: [49] 89-23031-240 

More than four years of satellite altimeter data from the Topex/Poseidon mis- 
sion is used in combination with the EGM96 geoid to derive a series of more 
than 148 gridded models of the North Atlantic sea surface topography, each 
one representing a ten-day mean state. This series is used to constitute a long 
term mean topography and to study in detail the ocean variability in the North 
Atlantic by means of harmonic analysis and Empirical Orthogonal Functions 
(EOF). 
For the same area, resolution and period of time corresponding topographies 
were derived by resampling the free surface heights of the Parallel Ocean Cli- 
mate Model (POCM) of Semtner k Chervin as kindly provided by Dep. of 
Oceanography, Naval Postgraduate School, Monterey. 
The differences between both topographies, the altimetric estimate and the 
oceanographic model were analyzed with respect to both, the geographical and 
temporal distribution. It is shown how strong the series are correlated and how 
well the agreement is for the dominant periodic and aperiodic oscillations. 
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APPLICATION OF TOPEX/POSEIDON ALTIMETER DATA FOR 
CEOF AND ALONG-TRACK ANALYSIS IN THE EASTERN 
ATLANTIC OCEAN AND WESTERN MEDITERRANEAN SEA 

J.J.MartinczBenjamin. AGuasch, D.SariflenaandR.Corredor 
Dpt. Fisic« Aplicada, Universität Politecnica dc Catalunya, Barcelona, Spain 
benjamintetseccpb.upc.es 

Some global and regional applications to mean dynamic topography, ocean 
variability and tea-level anomalies arc showed using a devetopped software 
to process TOPEX/POSF.IDON MGDR Altimeter data. 
Complex Empirical Orthogonal Functions (CEOF) technique has been 
applied in sea-level anomalies maps. This technique separates the variance 
into spatially and temporally uncorrelatcd modes of variability. Amplitude 
and phase modes are computed in the San Vicente Cape geographical area 
(Longitude: 12-18»W, Latitude; 33.5-36.5°N). The first mode represents the 
65% of the total variability. The greatest values are associated with the peaks 
of die variability of the Sea Surface Height. SSH. The second mode 
represents the 17% of the total variability, indicating that the area is 
dominated by these two first modes.A collinear, along-track, analysis in an 
ascending track in the Western Mediterranean is made to show the influence 
on the SSH caused by ocean tide components. Interpretation of spectral 
analysis is also discussed. 

MESOSCALE VARIABILITY OF CHLOROPHYLL AND SST IN THE 
CONFLUENCE OF THE BRAZIL AND MALVINAS CURRENTS FROM 
SATELLITE DATA. 

LEadau and V. Garson (1) 
(1) LEGOS/GRGS/UMR5S66. Toulouse, 
IsabeIle.Dadou@cnes.fr, Veronique.Garcon@cnes.fr 

Subtropical convergence zones, as the confluence of the Brazil and Malvinas 
currents in the southwestern Atlantic ocean, are key areas for the global carbon 
cycle and climate since these regions act as large sink of atmospheric CO,. This is 
due to the juxtaposition of the effect on pCO, of cooling of the southward Brazil 
current waters with the effect of the photosynthetic utilization of CO, in the 
northward flowing Malvinas current waters. This region is also a highly dynamic, 
energetic and complex area where remote sensing data can be powerful tools to 
investigate variability at various spatial and temporal scales. At the moment, there is 
very little known about the variability of phytoplankton distribution and its 
correlation with physical processes. 
Our purpose here is to analyze the new colour data from the SeaWIFS and 

POLDER sensors to study mesoscale variability (10-300 km) at a daily frequency. 
We use those data in conjunction with other satellite data like infra-red sea surface 
temperature (AVHRR). From first analyses of preliminary colour data, we can 
observe areas of complex chlorophyll distribution (filaments and eddies) where the 
two opposite currents meet. We are using analytical techniques for the study of 
spatial patterns as autocorrelation function and principal component analyses (PCA). 

A STUDY OF THE SOUTH-EAST INDIAN OCEAN 
VARIABILITY FROM ALTIMETRIC, WIND AND XBT 
DATA. 

EJBiroJ and R. Morrow (LEGOS - GRGS, 14 Av. Edouard Belin, 31041 Toulouse 
Cedex 4, France) 

We investigate the seasonal and interannual sea level variability in the South-East 
Indian Ocean from Topex/Poseidon altimetric data. This region is important for 
climate studies, in relation to the interannual variations of the tropical oceans and 
atmosphere. The eastern Indian region is directly affected by the strong seasonal 
monsoons. The Indonesian throughflow between the Pacific and Indian Oceans 
provides another forcing. As a result, the dynamics of the south-east Indian ocean are 
unique, with a very large mesoscale variability off western Australia. This eastern 
boundary is the likely generating region for the westward propagating Rossby waves 
observed in the subtropical band. These waves affect both the ocean dynamic height 
and sea surface temperature. In order to explain part of the observed sea surface 
variability, we use die vorticity equation with the low-frequency quasi-geostrophic 
assumption to calculate the sea level response to local wind forcing or remote 
forcing from the eastern boundary. We use ERS-I scatterometry for the wind 
forcing; eastern boundary conditions are given by XBT data. First results indicate 
that significant correlation exists between the calculated variability and sea level 
variability observed by T/P. A comparison with numerical model output will also 
be discussed. 

MODELING WIND-FORCED SEASONAL-TO-INTERANNUAL 
VARIABILITY OF SEA SURFACE HEIGHT IN THE NORTH 
PACIFIC 

David Darr (1), LuAnne Thompson (1), Kathryn A. Kelly (2) and Frederic 
Vivier (2) 
(1) School of Oceanography, Box 357940, University of Washington, Seattle 
WA. 98195 USA, (2) Applied Physics Laboratory, University of Washington 
Seattle WA. 98195 USA. 

The TOPEX/POSEIDON sea surface height data show a temporally and spa- 
tially varying response to wind-forcing in the North Pacific that appears to be a 
combination of freely propagating and forced Rossby waves. An isopycnal ocean 
model is used to investigate the role of the wind, stratification and topography 
in governing SSH fluctuations. The model is forced by seasonally varying winds; 
both with and without bottom topography. The spatial structure of the wave 
response is sensitive to the stratification as it influences the phase speed of the 
first-mode baroclinic Rossby waves. The topography has little influence on the 
wind-response south of 30N, where the first baroclinic mode appears to domi- 
nate SSH variations in the observations. North of 30N the barotropic mode is 
important, hence the topgraphy influences the solution. As in the observations, 
the model shows a seasonal modulation in SSH variability at mid-latitudes but 
not in the tropics, suggesting that local winds are important for forcing the 
wave response. In the model and the observations the SSH variability is larger 
in the western Pacific at mid-latitudes than in the eastern Pacific. 

THE 1996 SEA SURFACE HEIGHT ANOMALY OF THE NORTH 
ATLANTIC SUBPOLAR GYRE 

W. Bosch and J. Bock 
Deutsches Geodätisches Forschungsinstitut, Abt.I, 80539 München, Germany. 
boachCdgii.badw-muenchen.de/Fax: [49] 89-23031-240 

A sea surface height time series from the TOPEX/POSEIDON altimeter data 
as provided by AVISO'S corrected sea surface heights (CORSSH), was taken to 
investigate sea level anomalies in the North Atlantic/The period from 1992-1996 
was used to perform a long term Mean Sea Level (MSL). Comparing this MSL 
with annual and seasonal mean fields an anomalous sea surface height feature 
could be significantly identified for the year 1996. This anomaly becomes in 
particular clear, when periodic variations of the sea surface were identified and 
removed. The observed anomaly coincides with a drastic decrease of the NAO 
in 1996. Variations in sea surface temperature data (taken from AVHRR) and 
sea level pressure data (from NCAR/NCEP) were analysed by similar methods 
in order to investigate correlations between these data sets and to study the 
impact of the inverted barometer correction to the CORSSH. 

SATELLITE DATA ASSIMILATION IN THE OCCAM GLOBAL 
OCEAN MODEL 

Alan D. Fox (1), Keith Haines (1) and Beverly A. de Cuevas (2) 
(1) Department of Meteorology, University of Edinburgh, JCMB, Kings Build- 
ings, Edinburgh, UK. EH9 3JZ, (2) Southapton Oceanography Centre, Empress 
Dock, European Way, Southampton, UK. S014 3ZH. 
A.D.FoxOed.ac.uk/Fax: [44] 131 622 4269 

As part of the european AGORA programme we have been assimilating 
TOPEX/POSEIDON altimeter data into the Southampton Oceanography 
Centre's high resolution (J* xj',36 level) global ocean model (OCCAM). The 
assimilation method used is that of Cooper and Haines (1996), a dynamically 
based method which conserves water properties on isopycnal surfaces. 
Results of a one-year, 1993, run of this model, driven by ECMWF 6-hourIy 
winds and assimilating 10-day mapped TOPEX/POSEIDON data are pre- 
sented. These results are compared firstly with results from the OCCAM model 
without altimeter assimilation. This way we can assess the impact of the assim- 
ilation both on the mesoscale processes and on the large-scale exchanges and 
transports. Secondly, the simulation is compared with independent datasets, 
particularly hydrographic data. These comparisons concentrate on three re- 
gions, Tropical Pacific, North Atlantic and the Southern Ocean. 
Results of a method to improve the model mean sea level, particularly in the 
Gulf Stream and Kurushio separation regions, will also be shown. 
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EVALUATING SOUTHERN OCEAN RESPONSE TO WIND 

FORCING 

S. T. Gille 
School of Environmental Sciences, University of East Anglia, Norwich NR4 

7TJ, England. 
s.gilleeuea.ac.uk/Fax: [44] 1603 507719 

Winds over the Southern Ocean are among the strongest in the world, but 
the magnitude and variability of these winds is not well known. Because of 
the paucity of in situ measurements, Southern Ocean wind fields derived from 
numerical models have been notoriously suspect. New satellite wind measure- 
ments provide a more accurate means to estimate changes in wind forcing 
of the Antarctic Circumpolar Current. In this study, temporal variations in 
winds derived from the ERS scatterometers, from SSMI, and from the ECMWF 
forecast model are correlated with variability in Southern Ocean pressure and 
transport derived from the UK bottom pressure recorders in Drake Passage. 
Winds and bottom pressure measurements both show substantial variability 
on all resolved time scales. To extend the spatial coverage of the study, the 
winds are also compared with surface transport estimates reconstructed from 
Topex/Poseidon altimeter measurements. Finally the response of the ocean to 
wind fluctuations in data is compared with analogous quantities from ocean 
general circulation models. 

VELOCITY AND TRANSPORT OF THE LABRADOR CUR- 
RENT DETERMINED FROM ALTIMETRIC AND HYDRO- 
GRAPHIC DATA 

G. Han and C. L. Tang 
Coastal Ocean Sciences, Fisheries and Oceans Canada, Bedford Institute of 
Oceanography, Dartmouth, Nova Scotia, B2Y 4A2, Canada. 

TOPEX/POSEIDON altimeter data from 1992 to 1996, in conjunction with 
hydrographic and meteorological data, are analyzed to examine currents and 
transports in the Labrador Sea, with an emphasis on seasonal variability of the 
Labrador Current. Based on the linearized momentum equations, vertically 
integrated velocities and transports on selected sections across the Labrador 
Sea are computed. The seasonal range of the Labrador Current transport from 
the shelf break to the 2500-m isobath varies from 17 Sv at the Nain section, to 
6.5 Sv at the Hamilton Bank section and 5 Sv at the northern Newfoundland 
section with maximum in winter and fall and minimum in spring. Horizontal 
density gradient and sea surface slope have comparable contributions to the 
seasonal variability. In comparison, the contribution of the Ekman transport 
forced by local wind stress is much smaller. Except for the Nain section, the 
seasonal variability in the lower continental slope is weaker than that over 
the shelf break and upper slope. An exploratory study of the absolute mean 
transport of the Labrador Sea is carried out using available geoid data. A 
mean transport of 23 Sv in the Labrador Current (shoreward of the 2500-m 
isobath) and a basin-scale transport of 50 Sv in the Labrador Sea are obtained, 
consistent with Reynald et al.'s (1995) results. 

THIRD-ORDER STATISTICAL CHARACTERISTICS OF WAVE 
FORMS IN RADAR REMOTE SENSING OF SEA SURFACE 

M.A.Gilman 
Institute for Problems in Mechanics, Pr. Vernadskogo 101-1, Moscow 117o26 
Russia. 
gilmanOipmnet. ru/Fax: [7-095] 938-2048 

The problem of reconstruction of ripple energy distribution over large areas 
of sea surface from radar measurements is considered. The importance of the 
problem lies in the fact that the small-scale surface oscillations are sensible to 
weak surface flows, which, in turn, may reveal the nature of large-scale processes 
taking place in the sea depth. 
The investigation of statistical properties of backscattering was performed by 
numerical simulation. An ensemble of wavy surfaces simulating sea-way process 
gives rise to an ensemble of corresponding backscattering amplitudes, and the 
statistical characteristics of the two ensembles are considered. It is found that 
the sea-way spectral energy distribution, taken alone, does not provide enough 
essential characteristics to describe statistical properties of backscattering. New 
quantitative characteristics of skewness of wave peaks, ripple localization etc. 
are based on bispectrum — third order statistics of the surface elevation. 
The results show that it is the small-scale wave form peculiarities that may 
account for some fine backscattering properties, e.g. upwind-downwind asym- 
metry. Thus the large-scale waves may be treated as independent, whereas the 
nonlinear consideration for small scales is necessary. The possible improvement 
of existing statistical model of sea surface is discussed. 

SYNTHETIC GEOID FOR MESOSCALE STUDIES OF THE AZORES 
CURRENT 

F, Hemand« (1), A. Tychensky (2) .mu/rv.n 
(1) CLS/Space Oceanography Div., Ramonville, France. (2) SHOM/CMO, 
GRGS/BRESM, Toulouse, France. 
hemandez@cls.cnes.fr/Fax :+33 561 751 014 
The SEMAPHORE-93 mesoscale air/sea experiment took place in the Azores 
front/current domain from June to December 93. About 40 ARGOS-tracked 
surface drifters, drogued at 150 m depth were deployed and three hydrological 
arrays were performed. Moreover, ERS-1 and TOPEX/POSEIDON (T/P) were 
flying at that time. The altimetric data were processed using the collinear passes 
method, as part of the CANIGO project They are in excellent agreement with in- 
situ measurements. The comparisons with dynamic height fields objectively 
mapped from XBT/CTD casts show 4-5 cm rms differences. Also, comparisons 
with drifter velocities close to the satellite ground tracks exhibit 7-9 cm/s rms 
differences. But because of the lack of a precise geoid the total ocean circulation 
cannot be inferred from satellite altimetry. Thus, SEMAPHORE data are combined 
by multivariate objective analysis to provide maps of the surface circulation. Then, 
over 6 months, the differences between altimetric and in-situ maps are used to 
build a synthetic geoid in the area. Based on this reference field, the Azores current 
circulation is monitored from 1992 to 1997 using ERS-1, ERS-2 and T/P data. 

ALTIMETER-BASED REFINEMENT OF TURBULENT DIFFUSION 
COEFFICIENTS 

Roman E. Glazman, JPL, Pasadena 
reg@pacific.jpl.nasa.gov/818-393-6720 

One of major factors responsible for ocean transport of 
heat, salt, and bio-geochemical quantities is the 
horizontal turbulent diffusion caused by 'sub-grid" 
variations of ocean current velocity.  Using a recently 
developed technique of altimeter data analysis, 
statistical characteristics of the slow, i.e. vortical 
component of ocean dynamics can be derived from the sea 
surface height (SSH) field. Vortical motions are 
responsible for horizontal turbulent diffusion on large 
scales, and Richardson-type relationships allow 
expressing the diffusion coefficient in terms of energy 
and enstrophy spectral fluxes in 2D turbulent cascades. 
We demonstrate how these fluxes can be estimated and the 
coefficients of horizontal turbulent diffusion refined 
based on appropriate statistical characteristics of SSH 
variations. 

RESIDUAL ERRORS IN DUAL-SATELLITE CROSSOVER ALTIMETRY 
DATA: AN INDEPENDENT CHECK 

J. Klokocnflt»), C.A. Wagner (2), J. Kostelecky (3), M. Rentsch (4)    § 
(1) Astronom. Inst. Acad. Sei.. CZ-251 65 Ondfejov, Czech Republic, jkloko- 
cn@asu.cas.cz, (2) NOAA 1305 East-West Highway, Silver Spnng, Md 20910, 
USA, (3) Res. Inst. of Geodesy, CZ-250 66 Zdiby, (4) GeoForschungsZentrum 
Potsdam [GFZ], Division 1, D-PAF c/o DLR e.V., D-82234 Weßling, Germany 

Typical lifetime of an altimetry mission is five years. Dual-Satellite Crossovers 
(DSCs) have been recognize as a useful tool to interconnect two or more altimetry 
missions to provide oceanographers by long-term series in a unified system with 
the same "geodetic constants" to avoid any misinterpretation of the data. One 
obstacle to create such series comes from different realization of geocenter of 
various altimetry orbits. It was revealed by means of the DSCs, using the JGM-2 
and JGM~3-based orbits (with up-to-date environmental, empirical and other 
altimetry corrections) that there is statistically significant geocenter offset between 
Gcosat and T/P. We can provide oceanographers by corrected DSCs of Geosat - 
T/P for 1986-1996. To increase confidence in our results, we performed various 
tests including use of specific combinations of the DSCs. The formulae and 
method have been worked out in Ondfejov and tested with data from Silver 
Spring Recently, GFZ has been asked for a check. The DSC long-term averaged 
residuals and their combinations were computed independently in GFZ, Ober- 
pfaffenhofen and compared to results from NOAA, Silver Spring. The DSC 
residuals are a composite of non-perfect media. 1 cpr empirical, tidal and other 
corrections. These effects are estimated by a new diagnostic method (developed in 
Ondfejov) based on the DSC combinations. 

C599 



An Integrated lystem for handling, analysis and visualization of ocean data 

Thomas Knudsen, 
KMS, Geodetic Division, 8 Rentemestervej, DK-2400 Copenhagen NV, 
lhk@lcms.min.dk 

"Busstop", an integrated system for handling, analysis and visualization of ocean data, 
is presented. Busstop integrates functionality typically found in Geographical 
Information Systems (GIS), image processing systems and data base management 
systems, and provides a smooth interface to user written programs. The traditional 
spatial GIS functionality has been extended with transparent support for temporal data 
as well, enabling the GIS functionality to work even as a tool for analysis of dynamic 
phenomena. The Busstop data model integrates point data and grid data in a more 
general model, which is useful for combining satellite altimetry with ancillary data on 
gridded form. The visualization subsystem, called Reveal, provides functionality for 
static and animated visualization of gridded data, and combined views of gridded and 
point data. Additional analytical and data handling functionality is currently being 
developed. Proof-of-concept studies, carried out using the PC based prototype version 
of Busstop, has included studies involving combination of satellite altimetry with 
atmospheric model data, sea surface temperature data, gravimetry and airborne 
altimetry. Additionally, the system has been used for explorative visualization in case 
studies involving SAR scenes, and output from an ocean tide model. Busstop has 
shown very useful as an integrated and integrative platform for multidisciplinary ocean 
studies. 

LARGE SCALE SEASONAL VARIATIONS OF ATLANTIC OCEAN BY 
COMBINING ALTIMETRIC AND HYDROGRAPHIC DATA IN AN 
INVERSE MODEL. 

G. Lamicol. P.Y. Le Traon (C.L5/Space Oceanography Div, Ramonville, 
France), H. Merder, (LPO/CNRS, ffREMER, BREST) 

An attempt is made to observe the response of Atlantic ocean from 
seasonal atmospheric forcing using an non-linear inverse model 
(Merder, 1992). 3 years of Topex-Poseidon GDR (T/P, cydes 11 to 121), 
wind stress (ECWMF), and net heat flux (ECVVMF, COADS) were 
combined with a new climatology built from NODC data (Reynaud, 
1995). Inverse formalism allow us to ajust the velodties at the reference 
level, and the density field. Particular effort is made on heat 
conservation constraint where evolution terms (deduced from 
hydrograhpy, but also from altimetry) were added. A posteriori 
solutions give a good picture of the Atlantic general circulation between 
20°S and 60°N. Heat conservation constraint has a strong impact in 
depth, implying seasonal variability of DVVBC. Then, intensifcation of 
meridionnal overturning is find to bring heat from equator to northern 
latitudes during winter. Altimetric constraint is not useful when absolute 
dynamic topography deduced from T/P and EGM96 geoid is employed 
due to large errors in the geoid. Nevertheless, results with T/P sea level 
anomaly using in the model as a constraint on the anomaly of the surface 
dynamic topography are satisfying. Results, first demontrate consistency 
between seasonal anomaly of hydrography and altimetry data, and 
secondly, show that altimetric information is able to constrain surface 
circulation, espedaly in tropics. 

HIGH RESOLUTION MEAN SEA SURFAES FROM MULTI MISSION 
SATELLITE ALTIMETRY 

Per Knudsen (Kort & Matrikelstyrelsen, Rentemestervej 8, 
2400 Copenhagen NV, Denmark. E-mail: pk@kms.min.dk) 

Satellite altimetry from the GEOSAT and the ERS-I geodetic missions provide 
altimeter data with a very dense coverage. Hence, the height of the sea surface may be 
recovered very detailed. Satellite altimetry from the 35 days repeat cycle mission of 
the ERS satellites and, especially, from the 10 days repeat cycle TOPEX/POSEIDON 
satellite mission provide accurate mean sea surface heights along the ground tracks of 
those missions. In this study averaged sea surface heights of the repeat missions were 
used to construct an accurate mean sea surface. To enhance the resolution of the mean 
sea surface the altimetry from the geodetic missions was utilized. Marine geoid heights 
derived from the altimetric gravity was used for this task. The advantage of such a 
procedure is that inconcistences along the edges of the small cells may be avoided.The 
TOPEX/POSEIDON mean sea surface heights relative to the mean heights over 50 km 
are fitted by 2 cm and the slopes fit within a few mm per km. 

Toe Di.fno.lk Analysis .fB.ro.llrk Ott» Dynamics by Satellite Altimetry 
D.U. 

Sergey. A. Lebedcv 
Geophysical Cenler of Russian Academy of Sciences. Moloderhnaya J. 117298, 
Moscow Russia. Pmedvg wdcb.rssi.ru 

The diagnostic analysis of ocean dynamics by satellite altimetry data may give 
complete hydrodynamical picture on that time moment, when appropriate 
measurements were made. The first valuation of baroclinic ocean dynamic structure 
can become definition barotropic (average on depth) mode of speerrficld, designed 
through integrated stream function on the basis of satellite information. As an initial 
system of offered model equations are considered equations of ocean dynamics in 
quasigeostophic approximation. The boundary condition on surface for vertical mode 
of speed fields is replaced by "firm cover" condition, and a condition of sliding 
without friction is at the botrom taken. For processing of satellite altimetry data, when 
the density field on whole ocean height is not known, is offered to search integrated 
stream function at anomalies from mean (mean season) significance. By virtue of it is 
possible to make the assumption that the changes of baroclinic layer thickness (in 
which are concentrated main density changes, and the which thickness is small in 
comparison with depth of ocean) are insignificant. In the first approach it is possible 
to consider, that the density anomaly concerning mean significance on a linearly 
change by vertical from surface significance to zero on the baroclinic layer bottom 
border. The account of dynamic topography on satellite altimetry data is carried 
conducted on mean sea surface field and geoid height. The model verification was 
conducted on independent data: satellite altimetry (ERM mission GEOSAT) and 
hydrologicaldata (experiment NEWFAEXP-SS the program SECTIONS) forpolygon 
Newfoundland Ocean Energy Active Zone in march 19S8. In the first numerical 
experiment of dynamic topography anomaly was designed by hydrological data and 
simulated by self of satellite altimetry processing results. In the second initial 
information was considered directly by remote data from GEOSAT hoard. The mean 
fields of dynamic topography and integrated stream function were determined by 
known data file LEVITL'S. The results analysis has shown, that integrated stream 
function fields and barotropic speed mode, received in result of imitation experiment, 
will be well agreed results of diagnostic accounts by density field. Thus, the offered 
model may with sufficient accuracy to define barotropic speed mode of baroclinic 
ocean by satellite altimetry data. 

GENERAL INVERSE OF A SHELF TIDE MODEL: APPLICA- 
TION TO THE M2 TIDE IN THE BARENTS SEA 

A. L. Kurapov. and G. A. Kivman 
P.P. Shirshov Institute of Oceanology, St-Petersburg Branch, Russian Academy 
of Sdences, Russia, 199053. 

When the general inversion is used to assimilate data into a model of a closed 
basin, a solution minimizes a weighted sum of square misfits in dynamic equa- 
tions, the data, and a boundary condition at the coast. However, if the problem 
is solved for a shelf region, there is usually lack of quantitative information 
about the tides at an open boundary. Thus, to make the problem well-posed, 
we augment the cost functional with a regularizing term which penalizes large 
surface elevation at the open boundary. Then the science lies in the specifica- 
tion of the relative weights for different terms in the functional. Following our 
procedure, optimal weights for the data and the coastal boundary condition 
misfits would give a maximum to the sum of those terms (which reflect quan- 
titative information). The weight for the regularizer (qualitative information) 
would be taken the biggest at which the solution is still not sensitive to its 
choice. The technique was used with a finite element model for the M2 tide 
in the Barents Sea where in-situ and satellite altimetry data were both avail- 
able. Although no boundary condition was assigned at the open boundary (for 
instance, taken from a global model), the rms deviation of the solution from 
surface elevation data not assimilated into the model was 4.4 cm which is much 
better then results obtained with other models. 

SEASONAL   TIDE   VARIATIONS   AND   SHALLOW   WATER 
TIDES FROM TIDE GAUGES AND ALTIMETRY 

Olwijn Leeuwenburgh (1), Ole Andersen (2) and Vibeke Huess (3) 
(1) Kort og Matrikelstyrelsen, Rentemestervej 8, 2400 Copenhagen NV, Den- 
mark, (2) University of Tasmania, Hobart, Tas. 7001., Australia. (3) Danish 
Meteorological Institute, Lyngbyvej 100, 2100 Copenhagen OE, Denmark. 
olCkms. min. dk.oaOxms. min. dk .vhCdmi.min.dk 

TOPEX/Poseidon altimetry has during recent years greatly improved our 
knowledge of ocean tides. A remaining problem in ocean modelling, however, 
arises from the contributions of meteorological forcing, nonlinear coupling with 
storm surges and ocean circulation, and internal tides. Here we investigate the 
temporal variation of tidal solutions at tide gauges and as observed by altime- 
try. and try to identify its possible relation to the above effects, 
nother challenge is to improve our models near coastal boundaries, where many 
existing T/P-based ocean tide models are inadequate due to the coarse spatial 
sampling and the additional presence of significant third- and fourth-diurnal 
constituents. 
In a initial investigation for the North Sea, it was recently shown that T/P has 
the potential of improving our knowledge of even these near-boundary tides, 
such as M4, which may be as large as 20 cm. In this presentation we will extend 
our efforts in this area. 
Additionally, we look at the potential of adding data from the ERS mission to 
further improve our altimetry-based results. 
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BIO-OPTICAL EMPIRICAL MODELS OF THE WATERS ADJACENT TO 

TAIWAN 

Hsien-Wen Li. Nan-Jung Kuo, Chung-Ru Ho, Wei-Peng Tsai, 

Department of Oceanography, National Taiwan Ocean University, Keelung, Taiwan 

e-mail: lihw@sun4.oce.ntou.edu.tw  Fax: 886-2-463-1597 

Chen-TeChen 

Department of Fishery Science, National Taiwan Ocean University, Keelung, 

Taiwan 

Optical properties of seawater in the waters adjacent to Taiwan area were measured 

by underwater spectroradiometer during four cruises from December 1996 to March 

1997. Water samples were collected at the same time and analyzed for chlorophyll-a 

concentrations. Parts of the existing bio-optical models from SeaWiFS Bio-Optical 

Algorithm Mini-Workshop (SeaBAM) shown in Table 1 are used in this study. 

LONG TERM MONITORING OF THE OCEANIC PRIMARY 
PRODUCTION SOUTH OF SOUTH AFRICA : USE OF THE REMOTELY 
SENSED DATA 

E. Machu (t), and V. Garcon (I) 
(1) LEGOS/ UMR55667GRGS, Toulouse, France 
email: machu@pontos.cst.cnes.fr / fax: 33 5 61 25 32 05 

In order to better constrain the carbon fluxes in the southern ocean, the role of 
mesoscale eddies in biological production has to be elucidated in the large sink areas 
of the subtropical convergence zones. Causes of the variability of the phytoplankton 
distribution in relation to the forcing induced by the physical environment are studied 
in the eastern boundary current system of the South Atlantic ocean. The area of 
interest is the Agulhas current and its retroflection along with the upwelling area of 
the Benguela current. Remotely sensed data from POLDER and SeaWiFS for ocean 
colour are used in conjunction with other remote sensing data (SST, dynamical 
heights, surface winds) in the Agulhas/Benguela region. Standard statistical data 
analyses such as PCA and wavelets are applied to determine the nature of the 
temporal and spatial variability. As expected, phytoplankton variability shows 
correlation with the SST variability at the mesoscale. Correlation of ocean colour 
with altimeter data helps us reveal the underlying dynamical nature of the region. In 
the subtropical convergence (STC), a strong thermal gradient and an extended frontal 
area, created both by meandering Rossby wave of the ARC and eddies spawned at 
the STC lead to an increase of primary production. This enhancement occurs on a 
targe oceanic area and then is of great importance in carbon fluxes estimation. 

POLDER ON AOEOS: A MEW OCEAN COUM DATASET TO COMBINE WITH 

ALTMETKV 

A^jfymannMI, P.Y.Deschamps (2). A.Briciud (3). V.Oircon (4). I. Dadou (4) 
(t) Centre National tfEtudes Spatiiles, Toulouse. France 
(2) Laboratoire tfOptique Atmospherique. Lille 
(3) Laboratoire de Physique el Chimie Marines. Villefranche. 
(4) Croupe de Recherche en Geodesie Spatiale, Toulouse. 

With OCTS and POLDER the ADEOS mission is the first of a series of upcoming 
missions providing global Ocean Color datasets (SeaWiFS. E0S7M0DIS. ADEOS2 
with OLI & P0LDER2). The POLDER (POLarisalion and Directionality of the 
Earth's Reflectances) sensor is an imaging radiometer.polarimeter designed to 
measure the solar visible and near infrared radiation reflected by the 
Earth/atmosphere system. In addition to the classical measurements and mapping 
capabilities of a narrowband multispeclral imaging radiometer, the POLDER 
concept has original polarization and directional capabilities which open new 
perspectives for sensor calibration, glitter rejection, atmospheric corrections and 
inversion of pigment concentration. Data have been acquired since October 30. 
1996 till ADEOS loss on June 30, 1997. The calibration phase has been completed 
in May 97. The geophysical validation phase is ongoing, based on a dual strategy 
combining statistical approach and enhancement of in situ (atmospheric and 
oceanic) measurements networks. 
Global results of POLDER marine parameters products and comparison with 
historical CZCS data will be presented. Potential applications in global 
biogeochemica! studies include : i) the provision of synoptic fields of chlorophyll 
concentration to compare against the field derived from coupled, ocean-ecosystem 
models, .a comparison with a 3D modelling study in the North Atlantic will be 
shown* or to use for assimilating and/or initializing such models, ii) a basis for the 
compulation of regional and basin scale estimates of primary production and iii) a 
generic vehicle for the extrapolation to large horizontal scale of small numbers of in 
situ discrete observations of various ecophysiological rates and pools. Correlation 
analysis with aliinietry data will be illustrated in two subtropical gyres frontal zones, 
namely the Brazilian-Falklands Confluence zone and South African Convergence 
zone. 

INTERANNUAL VARIABILITY IN THE EASTERN INDIAN OCEAN 

R^Monaar, LEGOS 
LEGOS-UMR5566(CNRS/CNES/UPS)-GRGS, 14 Ave. Edouard Belirj, 
31041 Toulouse Cedex 4, France. Rosemary .Morrow©cnes.fr, 05.61.25.32.05 

Interannual variability in the eastern Indian Ocean is investigated with 
the aid of Topex/Poseidon data, Reynolds SST data and a 10-year, 
monthly repeated XBT transect at the eastern boundary. The interannual 
variability in this region is influenced by local and remote wind forcing, 
and by the remote ocean forcing via the Indonesian Throughflow which 
allows interannual variations in the western Pacific to directly influence 
the eastern Indian Ocean. In addition, the south-eastern boundary includes 
the source of the annual westward propagating signal at 10°S and 
significant semi-annual Rossby wave activity between 20-35°S, which 
contribute to carrying the interannual variations from the eastern boundary 
into the ocean interior. The interannual signature in the mid-latitude 
propagating anomalies is apparent in T/P sea level anomalies (SLAs) and 
SST anomalies. Large-scale warm SST anomalies lasting several months 
also occur in the ocean interior, which coincide with the arrival of 
downwelling Rossby waves with positive SLAs, and possibly induce the 
observed upwelling-favourable winds which occur at the end of the warm 
SST anomaly. 

A variational assimilation model for the barotroplc tides in a global ocean: 
principles and application to the long period tides 

F. R Lvard OA/G5 
LEGOS/GRGS 
Email: lyard@pontos.cst.cnes.fr 

The CEFMO model (Finite Elements Code for the Oceanic Tides) has been 
developed to produce high resolution solutions over the world ocean. In addition, an 
assimilation code has been developed to improve the solution accuracy by 
assimilating in situ and altimetric observations. It is based on a general inverse 
approach using the represented technique. One main characteristic of our 
assimilation approach is to formalize it as a continuous (i.e. not discretized) 
problem, leading to a pair of linear systems to be solved (adjoint and direct). 
Similarly to the hydrodynamic problem, they are treated under their variational 
formulation. First designed to solve the tidal problem on ocean basins; the 
hydrodynamic and assimilation models have been upgraded to produce global 
solutions where the inter-basin constraints are totally removed. A preliminary set of 
solutions for the main long period tides have been computed and validated. Our 
solutions show a very complex spatial distribution due to large wavelengths 
combined with small structures coming from the trapping of the tidal waves by the 
topography. The set of reliable observations, to be used in the assimilation, shows a 
poor density compared to the richness of the modelled spatial scales. Nevertheless, 
this application is an ideal test case to evaluate the robustness and the effectiveness 
of our modelling and assimilation approach. 

TRACKING    EDDIES    IN    THE    SUBTROPICAL   NORTH- 
WESTERN ATLANTIC OCEAN 

A. Pauluhn (1) and Y. Chao (2) 
(1) Institut für Meereskunde, Universität Hamburg, D-22529 Hamburg, Ger- 
many, (2) Jet Propulsion Laboratory, Pasadena, CA 91109, USA . 

Anticyclonic eddies generated in the North Brazil Current (NBC) retroflec- 
tion area are traced along the coast of North Brazil into the Caribbean Sea 
via altimetric SSH measurements by TOPEX/POSEIDON. At least 16 to 20 
eddies can be seen to form in the NBC area during the period from Octo- 
ber 1992 to June 1997, 12 of which can be followed into the Caribbean Sea, 
where they appear about one year after their generation. It takes them about 
350 to 370 days to propagate from their formation area at about 5*N - 8°N 
and 315*E - 320°E into the Caribbean. Time scales of about 80 to 100 days, 
characteristic for the Caribbean, can already been found in the region of eddy 
formation. The observed eddy sizes range from 200 to 600 km. Their average 
amplitude is found to be about 15 cm, and their average propagation speed 
is about 14 cm/s. Thus, the connection of a continuous eddy path from the 
NBC area into the Caribbean, recently indicated by model calculations with a 
high-resolution (1/6°) ocean circulation model, has been shown to appear in 
the TOPEX/POSEIDON sea surface height anomalies. 
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APPLICATIONS OF HIGH ACCURACY ALTIMETRIC 
HEIGHT MEASUREMENTS IN ICE COVERED SEAS TO 
STUDIES OF THE POLAR OCEANS, AND COMPARISONS 
WITH MODELS 

NR.Pcacock (1), S.WXaxon (1), R.Scharroo (2), W.Maslowski (3) 
(1) Milliard Space Science Lab., University College London, UK, (2) Delft Inst. for 
Earth-Oriented Space Res., Delft University of Technology, The Netherlands, (3) 
Naval Postgraduate School, Monterey, USA 
nrp@mssl.ucl.ac.uk/Fax: +44 (0) 1483 278312 

The use of altimeter data in the polar regions has previously been restricted by the 
presence of permanent and seasonal ice cover. Changes in the radar echo shape 
received by the altimeter over sea ice, as compared with the open ocean, cause 
problems in the on-board estimates of surface height, resulting in a very noisy 
height signal. The majority of noise on the signal can be reduced by retracking the 
full waveform data set (WAP), but other factors have previously limited the noise 
reduction, most notably pulse blurring. Software simulation of the tracking system 
has led to the development of new ground processing algorithms, which further 
reduce the short wavelength (< 20km) noise, from 30-J0cm, down to 5-10cm. This 
provides for the first time the capability for accurate mean sea surface generation 
and investigations into tidal and oceanographic signals in ice covered seas. The 
initial estimate of the rms variability of crossovers in the Arctic is 14-20cm, 
compared with a global average of 6-8cm. Sea surface anomalies are calculated 
over the Arctic Ocean and their potential in improving our understanding of tides 
and ocean circulation is explored through comparisons with existing models. 

MONITORING THE 1997/1998 EL NINO BY ERS-2 

Remko Scharroo (1), Marc Naeije (1), Geert Jan Oldenborg (2), Gerrit Burg- 
ers (2), Katia Cardon (3), Philippe Goryl (3) and Jerome Benveniste (3) 
(1) Delft Institute for Earth-Oriented Space Research, The Netherlands, 
(2) KNMI, De Bilt, The Netherlands, (3) ESA/ESRIN, Frascati, Italy. 

The recent El Nino of 1997/1998 is one of the strongest in this century. With 
the radar altimeter and AIong-Track Scanning Radiometer (ATSR) of ERS-2 
this event was monitored in high detail. From the OPR-1 altimeter data, en- 
hanced with Delft precise orbits, weekly "images'' of the sea level anomalies are 
generated, each with an effective temporal resolution of 16 days (one subcycle 
of ERS-2) and with a fine spatial resolution of about 1.5°. Adding to this the 
ATSR sea surface temperatures, which are unfortunately hampered by cloud 
cover, we have an excellent set of data to study the evolution of the ocean 
dynamics in the Equatorial Pacific related to the El Nino Southern Oscillation 
(ENSO) from May 1995 onward. Animations clearly show the development of 
the latest El Nino. Especially the sudden Kelvin wave at its onset is clearly 
recognised as well as the fact that the event actually hits the American coast 
twice, in July and October 1997. 
The altimeter data have been assimilated in a wind-driven shallow-water ocean 
model using variational and ensemble Kaiman techniques. In this way we were 
able to bring the model sea surface elevations closer to the observations; the 
rms difference dropped from about 8 to 4 cm. Definitely, the incorporation of 
altimeter data improved our analysis and shows the potential of these data in 
ENSO dynamics research. 

REGIONAL ANALYSIS OF THE INVERTED BAROMETER EF- 
FECT OVER THE GLOBAL OCEAN 

R.M. Ponte (1) and P. Gaspar (2) 
(1) Atmospheric and Environmental Research, Inc., Cambridge, USA, (2) Space 
Oceanography Division, CLS, Toulouse, France. 
ponteCaer. com/Fax: 1(617)661-6479 

Crossover sea level differences from TOPEX/Poseidon are regressed against 
atmospheric surface pressure, and the resulting latitude/longitude map of the 
regression coefficient is examined for deviations from the value of-1 cm/mbar 
expected for an inverted barometer (IB) signal. Such deviations can be caused 
by incidental correlations between measured atmospheric pressure and data 
errors or correlations between atmospheric pressure and dynamic sea level (i.e., 
sea level adjusted for an IB signal). Significant departures from the constant IB 
value are found in most regions, from the tropics to high latitudes. An ocean 
model is used to help interpret the observed IB departures and their spatial 
patterns in terms of the spatial characteristics of the forcing, the differences 
in regional dynamics and oceanic response to forcing, and the effects of wind- 
driven signals. Influence of high frequency signals, not well sampled by the 
altimeter, is discussed. The general validity of the IB approximation is assessed 
as a function of time scale and region. 

EOF- AND WAVELET ANALYSIS OF THE SEA SURFACE VARI- 
ABILITY 

M. Schmidt and W. Bosch 
Deutsches Geodätisches Forschungsinstitut, D-80539 München, Germany. 
schmldtCdgfi.badv-muenchen.de/Fax: [49] 89-23031-240 

A series of global gridded sea surface height models has been generated from 
Topex/Poseidon altimeter data, covering a period of at least four years. Height 
anomalies, performed relative to a four year mean sea level, are used to study 
the sea surface variability using the method of empirical orthogonal functions 
(EOF) and principle components as well as wavelet analysis. 
The space-time distributed height anomalies are separated into temporal parts, 
represented by the principal components, and spatial parts, described by the 
empirical orthogonal functions. The latter are computed by a singular value 
decomposition of the matrix of the height anomalies. 
The principal components are investigated by wavelet transform in order to 
determine both the dominant periodic and the significiant aperiodic oscillations 
of the sea surface. The wavelet method is an excellent tool for analysing signals 
with time dependent amplitudes and/or frequencies. Local signal variations are 
detected in an adaptive time-frequency window. The current analysis is based 
upon the Morlet wavelet, often used in geodetic applications. 
The spatial and the temporal distribution of the first few modes are shown 
together with the results of the wavelet transform of the principal components. 
This illustrates how the annual variability as well as phenomena like El Nino 
are represented. 

SPACE-TIME VARIABILITY OF THE BLACK SEA GEOSTROPHIC 
CIRCULATION AS IT SEAS FROM SATELLITE ALTIMETRY. 

OJ\. Saenko. C.J. Koblinsky, V.V. Knysh. O.K. Korotaev 
MarineHydrophysical Institute, Sevastopol. Crimea. UkraineGoddardSpaceFlighl 
Center, Greenbelt. MD, USA 

The Black Sea is a semi-enclosed sea with a strong seasonal variability of the sea 
level due to seasonal cycles of river runofTs, precipitation and evaporation. Both 
the ERS-l and the TOPEX-POSEIDON altimetry obviously present the strong 
seasonal signal with the amplitude up to 25 cm that need to remove before the analysis 
of the surface geostrophic circulation. The altimeter data averaged along each 
track shows that the response of the offshore sea level to the water exchange is 
spatially uniform. It results from the batotropic nature of the response as well as from 
the fact that the size of the Black Sea is significantly less than the barotropic 
Rossby radius. The latter idea serves a basis of the proposed method of retrieving 
the anomaly of the Black Sea dynamical level, namely, the level, which reflects the 
surface geostrophic circulation. To obtain the outcome product the climatic sea level 
from the archive hydrology is added to the anomaly of the dynamical sea level 
from altimetry. The reconstructed dynamical sea level shows good correlation with 
the sea level obtained from the simultaneous CoMSBIack hydrology. The 
objectively mapped dynamical sea level is used to analyze a seasonal variability of 
the Black Sea circulation. The satellite altimetry manifests a well-known cyclonic 
Rim Current belting the Black Sea. The Rim Current has its maximum intensity in 
the winter-spring period. There is a break in the Rim Current beginning from the 
earlier summer. Simultaneously the mesoscale eddies occupy the basin. By the end of 
the fall the eddy activity weakens and the Rim Current recovers. Then the cycle 
repeats. Wintertime intensification of the Rim Current corresponds to the seasonal 
intensification of the atmospheric cyclogenesis over the Black Sea. The 
time-longitude plots of the sea level anomaly demonstrate the westward phase 
propagation. Thus the seasonal variability of the Black Sea circulation results from the 
seasonal variability of atmospheric forcing and therefkctionofRossby waves from 
the eastern coast of the Black Sea. The spectral analysis shows that mesoscale contains 
a substantial pan of the total energy besides the seasonal cycle. The time spectrum 
clearly shows two periods of about 130 and 60 days. The eddy activity is the most 
prominent in the Rim Current vicinity. There are additional areas of the enhanced 
mesoscale variability in the westernmost pan of the Black Sea. near the Bosphotus 
Strait, and near the bottom slope in the central pan of the eastern Black Sea. 

MECHANICAL ENERGY FLUX TO THE SURFACE 
GEOSTROPHIC FLOW USING TOPEX/POSEIDON DATA 

R. B. Scott 
Department of Atmospheric and Oceanic Sd., Montreal, Canada. H3A 2K6. 
acottaz«phyr.n*ttm.mcgill.ca/Ffsx: [1] 514 369 3880 

The rate of mechanical energy transfer from the atmospheric winds to the 
surface geostrophic velocity is estimated for the world ocean. The surface 
geostrophic velocity is calculated from the 4 year mean dynamic topography 
and the 10 day anomaly fields obtained from the TOPEX/POSEIDON al- 
timetry measurements. The wind »cres6 is obtained from the NCAR/NCEP 
Reanalysis. An uncertainty estimate of the Integrated energy transfer race is 
more computationally demanding and therefore focused on just the North Pa- 
cific basin. The uncertainty is based on the geoid slope error estimates obtained 
from the JGM-3 geoid model coefficient «variance matrix. Despite the low sig- 
nal to noise ratio, a meaningful signal can be extracted since the energy transfer 
calculation involves a projection of the estimated geostrophic current onto the 
wind stress field. The latter Is more strongly correlated with the surface current 
than the geoid slope error. 
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ASSIMILATION OF TOPEX/POSEIDON DATA INTO A SEA- 
SONAL FORECAST SYSTEM 

3. Segschneider, O. Alves, D. Anderson, M. Balmaseda Alonso, T. Stockdale, 
European Center for Medium Range Weather Forecast, Reading, UK 

By assimilating T/P altimeter data into the oceanic component of a coupled 
ocean-atmosphere model we want to improve the seasonal forecast system at 
ECMWF. As a first step we compare gridded T/P data to results from the 
present forecast system in which XBT and TAO temperature obervations are 
assimilated into the ocean model via 01 and SST is relaxed to Levitus. The 
mean value of the sea level for the years from 1993 to 1995 is subtracted from 
the model results and T/P anomalies are interpolated to the model grid. In 
general, both the mean annual cycle and the interannual variations agree quite 
well between observations and model results, including the onset and time- 
evolution of equatorial Kelvin waves and off-equatorial Rossby waves. There 
are spatial shifts of the anomaly-patterns however, and the T/P data show en- 
hanced mesoscale activity. Amplitudes of the sea level are generally somewhat 
larger in the observations. 
Thus, T/P data have the potential to improve oceanic initial conditions. Using 
altimeter data is not easy however. As a first attempt, T/P data are assimi- 
lated into the ocean model by locally adjusting the vertical density profiles as 
suggested by Cooper and Haynes (1996). Later efforts will include the com- 
bined assimilation of TAO, XBT and T/P data. The relative importance of 
the different observation systems will be assesed. 

ASSIMILATION OF ALTIMETRIC DATA IN AN OCEAN 
MODEL FOR FISHERIES STUDIES IN UPWELLING AREAS 

F. Veers« (1) and M. Ouberdous-(2) 
(1) Meteo-France, CNRM/GMAP/AAD, 42 avenue Gaspard Coriolis, F-31057 
Toulouse cedex l.France, (2) JRC-EC, SAI/ME Unit, 1-21020 Ispra, Italy. 
vearsaCenrm.neteo.fr/Fax: [33] 5-61078453 

The coastal ocean upwelling phenomenon is an important processes studied in 
oceanography. Many studies based directly on satellite observations were car- 
ried out to locate and follow this phenomenon on the ocean surface. Advanced 
data assimilation methods are essential to infer its subsurface dynamics in deep 
and shallow ocean from satellite data. With the tidal mixing, the coastal ocean 
upwelling constitutes the major process for nutrient regeneration in the surface 
layer. The surface Ekman layer transport produced by the phenomenon, and 
related currents are an important factor for larvae and small pelagic life. Stud- 
ies and investigations using satellite and fisheries data and some assumptions 
on the current behaviour try to identify the physical forces that control the 
growth of small pelagic fish populations. Up to now (to our knowledge), the 
dynamics resulting from the assimilation of satellite observations have not been 
used for studies in this discipline. 
A project is undergoing at the JRC SAI/ME unit to assimilate altimetric data 
in a primitive equation model using a four-dimensional variational assimilation 
scheme, in order to obtain such a description of the dynamics in upwelling 
areas. More details of the project and its current state of development will be 
presented during this session of the EGS General Assembly. 

THE BLACK SEA VARIABILITY RESULTED FROM THE WATER 
BUDGET. 

Sukhikh L.I., Belokopytov V.N., Saenko O.A., Dorofeev V.L., Koblinsky C.J., 
Korotaev G.K. 
Marine Hydrophysical Institute, Sevastopol, Crimea, Ukraine Goddard Space Flight 
Center, Greenbelt, MD, USA 

Seasonal variability of river runoff, evaporation, precipitation and water flow through 
Bosporus and Kerch straits induces changes of the Black Sea level with amplitude up 
to 35cm. Simple two-layer model analysis shows that the response of the closed basin 
to the boundary water fluxes is barotropic mainly. Moreover, it is spatially uniform in 
the deep part of the Black Sea since the size of the basin is much smaller than the 
barotropic Rossby radius. Satellite altimetery data of TOPEX/POSEIDON and ERS-1 
missions provides unique possibility to verify the theoretical results. Averaged data 
along each track, crossing the Black Sea are used. There is good correspondence of 
different time series obtained after the averaging of the open sea level data. These data 
are also in good agreement with river runoff, recalculated to the mean Black Sea level 
variability due to the continuity equation. The behavior of the sea level in the shallow 
coastal zone is more complicate. There is the phase shift between coastal sea level 
observations and satellite altimetery data for the open sea. Coastal sea level 
observations itself demonstrates also the phase shift between data sets obtained in 
different points along the Black Sea coast. Coastal trapped and shelf waves are the 
most feasible causes of the observed sea level structure. 

SURFACE MEDDIES TRACKING USING SPATIAL TECHNIQUES 

Villares P (1), Rojas JL (1), Catalan P-U M (1), Camacho JC (1), Gomez-Enri 
J(l), Catalan MM (2) 
(1) University of Cadiz, (2) Real Instituto y Observatorio de la Armada 

e/m manuel.cataian@uca.es, +34 56 470866 

The analysis of ocean water masses using traditional oceanographic techniques, 
including RAFOS, has allowed to track the upwelling of Mediterranean water forming 
mesoscale eddies, with a different thermohaline composition of its surrounding 
Atlantic masses, in the Iberian Atlantic west of the Portugal coast The dynamic of the 
region is quite complex and is of particular interest to use data assimilation that 
combines classical and spatial techniques. To detect MEDDIES with satellite altimetry 
we have defined a rectangle between longitudes 340| and 353] and latitudes 36) to 
43|N, where MEDDIES where detected by lagrangian methods, according with 
information received from the Portuguese group IOCEANO. With preceding 
information we have compared, on this geographic area, the behaviour of the different 
altimeters, tracking along its paths the dynamic signal time series. A comparison was 
also made between the average behaviour of the dynamic signal over windows with a 
surface extension of the size of the MEDDIES (0.5lX0.51) and a dynamic sea surface 
reference obtained averaging the time series over larger windows of 3 JX3|. Our result 
shows the track of a possible MEDDIE crossing the area from 38JN, 12|E in 26 July 
1994 to 37JN, 13.7JE in 26 August 1994. The possible MEDDIE was simultaneously 
tracked by two RAFOS and detected as a different signature surface in an ERS-1 SAR 
image. 

THE POTENTIAL FOR USING OCEAN 
GENERATED ELECTROMAGNETIC FIELDS TO 
REMOTELY SENSE OCEAN VARIABILITY 

R.H.Tvler and T. B. Sanford (Applied Physics Laboratory, University 
of Washington, IO13NE40thSt.,Seatt!e,WA98105,USA) 
J. M. Oberhuber (Deutsches Klimarechenzentrum, GmbH 
Bundesstrasse 55, D20146 Hamurg, Germany) 

The flow of the electrically conducting ocean through the Earth's main 
magnetic field generates secondary electromagnetic fields. For some 
time electric field measurements have been made in the ocean to 
determine the ocean flow. D. Winch and K. Runcorn have speculated 
recently that magnetic field satellite surveys might be used to monitor 
the ocean generated electromagnetic fields, and that these signals 
might be inverted to gain information about variations in ocean 
circulation. We calculate global three-dimensional electromagnetic 
fields generated using ocean data from the German OPYC model and 
give an overview of the form and magnitudes of the ocean generated 
electromagnetic fields both in and outside of the ocean. The ocean- 
generated magnetic fields are typically less than 10 nanoteslas outside 
of the ocean (but can reach a couple hundred nT inside die ocean) and 
although small are above the detectability level of ground 
observatories and some of the previous satellite measurements. We 
discuss these results and describe both the potential benefits and 
difficulties in extracting and inverting the ocean signals from the 
geomagnetic records. Discussion of this topic is timely since the 
potential use of satellite magnetic data in ocean and climate studies 
could be made more feasible with coordinated efforts in future 
satellite missions such as CHAMP. 

Radar investigations of the deep-ocean Internal solitons in the North-Western 
Pacific 

of Sciences  e-mail: 
Olga Yu. Lavrova, Konst. D.Sabinin 
Space  Research Institute, Russian Academy 
olavrova@mx.iki.rssi.ru fax: (095) 3331056 

A detailed analysis of sea surface Ku-radar images collected in KI RAN during 
regular many years experiments (1979-1991) from aircraft has showed that in the 
North-Western Pacific near Kamchatka there were the regions of regular 
manifestations of deep ocean internal waves. Some of the soliton-like trains öf internal 
waves seemed to propagate from the open ocean to shelf. The direction of propagation 
of the trains was estimated using some specific features in the trains' surface 
manifestation. The simultaneous contact measurements of hydrological and 
oceanographic parameters from research vessel have confirmed the availability of 
internal waves in the testing area. The ray calculations have confirmed that there are 
some locations at the continental slope where the slope inclination is critical for the 
semidiurnal internal tide. The internal tides generated in these locations propagate 
along the wave characteristics (rays) and may evolve in the upper ocean in trains of the 
solitons visible in the radar images as the rips/slicks bands moving shorewards. 
This work was done by financial support of RFBR Grant 96-05-65518 
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0A9 Basic turbulence studies 

Convener: Petrosyan, A. 
Co-Convener: Gera, T. 

WIND - TUNNEL EXPERIMENTS OF NEUTRAL FLOW 
OVER SERIES OF ROUGH HILLS 

M. Athanassiadou and I. P. Castro 
EnFlo, School of Mechanical and Materials Engineering, University of 
Surrey, Guildford, Surrey GU2 5XH, UK. 
m.athanassiadou@surrey.ac.uk/Fax: +44 (0) 1483 - 259546 

Effects of orography with horizontal and vertical scales of a few 
kilometres and a few hundred meters respectively, are still unresolved 
in NWP models and have to be parametrised. Most of the current 
ideas about these effects are based on linear theory and numerical 
simulations. The former are hindered by the assumptions made both 
regarding the orography and the flow and the latter produce results 
than in many cases are strongly dependent on the turbulence closure 
scheme employed. 
Turbulence characteristics obtained from wind-tunnel experiments 
over sinusoidal topography are presented. The purpose of the 
experiments is to obtain quality data that can be compared with 
numerical results and analytical theories. Hills of both low and steep 
slopes (so that lee separation is expected) are considered. The surface 
pressure force is directly measured and compared with wavelength 
averaged parameters. A logarithmic profile for the wavelength 
averaged velocity field is supported by the experimental data. 

EXPERIMENTAL EVALUATION OF KOLMOGOROV CONSTANT CO IN 
THE ATMOSPHERIC SURFACE LAYER 

D. Anfossi 1), G. Degrazia (2), E. Ferrero (3), S.E. Gryning (4), M.G. Morselli (5) 
and S. Trini Castelli (1) 
(1) CNR-Istituto di Cosmogeofisica, Turin, Italy, (2) Universidade Federal de 
Santa Maria (RS), Brasil, (3) Universita', Alessandria, Italy, (4) RISO National 
Laboratory, Roskilde, Denmark, (5) ENEL/CRAM, Milan, Italy 
anfossi@to.infc.it/Fax:+39-l 1-6306819 

In the inertial subrange the Lagrangian velocity structure function is defined as 
DI'(T) = C0 E t, where E is the TKE dissipation rate and C„ a numerical 
constant. The relationship between E, Lagrangian time scale TL and velocity 

variance cj, is: C0 E = 2cjj,/TL. The value of C0 is still an open matter. In 
this work we present an experimental evaluation of C0 based on surface layer wind 
data gathered by a sonic anemometer in a flat region in Southern Sweden. Hourly 
data are analysed. Wind data were firstly rotated to a streamline system, then a 
stationarity criterion was used to select stationary cases, c» and the Eulerian 
autocorrelation function were computed and the time scale was estimated, from 
which TL was obtained. Then the spectrum is estimated, from which, selecting 
only its part belonging to the inertial subrange, the value of E was derived. Finally 
CQ was derived from the above relationships. Its values, computed in different 
stability conditions, were compared to the existing theoretical estimations. It was 
found that our C„ value are in good agreement with these current estimations. 

MODIFIED k-e TURBULENCE MODEL FOR STABLY-STRATIFIED 
ATMOSPHERIC BOUNDARY LAYERS 

Alexander Baklanov (Defence Research Institute, FOA, S-90182 Umeä, Sweden &i 
Kola Science Centre of RAS, 184200 Apatity, Russia, e-mail baklanov@ume.foa.se)' 

The standard k-e model of the turbulence closure is widespread in many applications 
of CFD, but has some problems for modelling of dynamics of the atmospheric 
boundary layers (ABL). One of the effects is that the model overestimates the 
turbulent length scale above the shear layer. Detering and Etling (1985) modified the 
k-e model for neutral-stratified ABL by correction of the model constant c[c 

depending on the turbulent length scale and the characteristic scale for the ABL. 
However, for cases of the stably-stratified boundary layer (SBL) the comparison with 
empirical data can give non-sufficient coincidence. Using a parametrisation of the 
SBL height (Zililinkevich, 1987) we suggest to develop the modified k-E model for a 
stable stratification case. We have received the following formulation for the 

cDk,n-("2 

modified constant (a function) cu of the k-e model for SBL: c',c = c,, rrr, 
ed„{u.L)[l- 

where cD and clf are constants in the standard k-e model, </,, is optimised by 

experimental data. Using a new multi-limit formulation of SBL height (Zililinkevich 
& Mironov, 1996) the k-e model has been developed for more complicated cases of 
SBL, both for flux-dominated SBL and for cupping inversion. Comparison of 
modelling results for several formulations of the k-e model for SBL and 
measurement data has been discussed. 

EXPERIMENTAL METHOD OF ACOUSTIC TOMOGRAPHY OF THE 
ATMOSPHERIC SURFACE LAYER 

K. Arnold. A. Ziemann. A. Raabe (Institute of Meteorology, University Leipzig, 
Stephans«. 3, D-04103 Leipzig. Germany) 

Acoustic tomography is proposed as a technique for remote monitoring of near 
surface temperature and wind fields. An experimental method is presented which 
provides area averaged values of the demanded meteorological parameters. 
In this study travel time tomography was used by measuring the travel time of a 
signal at defined a propagation path between a soure and a receiver. The travel time 
data were inverted to obtain estimates of the meteorological parameters. 
In such a system a number of sources simultaneously transmit an acoustic signal 
(sine oscillation) which is detected at a number of receivers. The travel time of each 
signal was estimated by cross correlation between the received and the transmitted 
signal. Each peak of the cross correlation is associated with separate ray path and 
the delay time corresponds to the travel time of the transmitted signal. 
A field experiment was carried out in autumn 1997 at the test site Metpitz near 
Leipzig to provide the input data for the tomographic reconstruction. Six sources 
and four receivers were positioned at an array of 200 x 260 nr. Derivations of area 
averaged values results from inversion of the single values of travel time for all ray 
paths. 
Concurrently conventionally estimated meteorological quantities were used for the 
validation of the tomographic model and to compare the area averaged data with 
point measurements. 

ATMOSPHERIC TURBULENCE AND INTERNAL BOUNDARY LAYER 
DEVELOPMENT IN ATHENS DURING THE MEDCAPHOT-TRACE 
EXPERIMENT 

E. Batchvarova(l,2)  and S.-E. Gryning (1) 
(1) Risoe National Laboratory, DK-4000 Roskilde, Denmark, (2) National Institute of 
Meteorology and Hydrology, Sofia 1784, Bulgaria 
Ekaterina.Batchvarova@meteo.bg/Fax: +359 2 880380 

An analysis of atmospheric turbulence data and profile data in Athens, Greece is 
presented. The data were collected during the MEDCAPHOT-TRACE Project 
experimental campaign in August-September 1994 covering a typical late summer 
period with prevailing northerly wind. The variability of the flow characteristics in the 
whole area was classified into three categories: northerly winds in the whole Athens 
basin; sea breeze throughout the whole Athens basin; and changing sea breeze 
(comprising partial penetration of the sea breeze over the city and/or changing wind 
direction throughout the day). This classification was used as basis for the 
investigation of the atmospheric turbulence and vertical profiles of meteorological 
parameters over the area. A model of the internal boundary layer height over an area 
with irregular coastline (Gryning and Batchvarova, Boundary-Layer Meteorology 78: 
405-413,1996) is applied for Athens during days with sea breeze and the results are 
in good agreement with the measurements. 
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MOMENTUM BALANCE-DETERMINED HEIGHT OF NEUTRAL AND 
STABLE IDEALISED PBL - APPLIED TO CABAUW AND LEIPZIG DATA 

J. C. Bergmann 
Rise National Laboratory, Wind Energy and Atmospheric Physics Department 
juan.bergmann@risoe.dk/Fax: +45-4677 5970 

The PBL height H is determined from the momentum balance with pre-set 
friction velocity u* by variation of H until the momentum balance equals u*2, 
thus achieving momentum conservation. The dimensionless PBL height Hf/u* is 
determined as a function of the friction Rossby number u*/fzo in a range from 
103-1010 and has an average value of approx. 0.3 for the neutral PBL. 
Stability is described by the stability parameter u*/Lf over a range from 0.01 to 
500, thus covering the entire stable-continuous to neutral regime. The ratio of 
the stable and neutral dimensionless PBL height of same friction Rossby 
number is determined as a function of the stability parameter. 

Nieuwstadt's acoustic sounder data from Cabauw are successfully predicted 
within the accuracy of the measurements. The height of the Leipzig boundary 
layer is successfully predicted with regard to Mildner's original data. The 
Leipzig boundary layer was not neutral as it is usually reported. The stability 
parameter determined for the surface layer is 5.72. 

THE STABIY STRATIFIED BOUNDARY LAYER OVER THE GREENLAND ICE SHEET 

P. Calanca HI. I. Forrer T21 and M. Rotach HI 
[1] Swiss Federal Institute of Technology, Winterthurerstr.   190, CH-8057 
Zurich; [2] Swiss Federal Laboratories for Materials Testing and Research, 
Ueberlandstr. 129, CH-8600 Duebendorf 
calanca@geo.umnw.ethz.ch 

The structure of the stably stratified boundary layer over the Greenland ice 
sheet is examined in the light of measurements carried out during the summer 
of 1991. The momentum transfer is shown to follow well-established simi- 
larity relations expressed in terms of the local Monin-Obukhov length scale A. 
On the other hand the transport of sensible heat appears to depart from 
surface-layer and local-scaling predictions. However, the evaluation of the 
enthalpy budget indicates that, contrary to the usual assumptions, the radia- 
tion flux divergence, the large-scale advection and the local heating/cooling 
rate can not be neglected. For this reason it is suggested to use u./N, which is 
similar to the buoyancy length scale, rather than A as scaling length. Here u. 
is the friction velocity and N the Brunt-Väisälä frequency. Alternative 
formulations of the similarity relations based on u./N for both the momentum 
and the sensible heat transfer are proposed for use in global and mesoscale 
models. 

Physical Processes in the Atmosphere near the Surface at Night 

William Blumen (1) and Robert L. Grossman (1) 
(1) Program in Atmospheric and Ocean Sciences, Univ. of Colorado, Boulder, CO 

We report on near surface observations of fast-response temperature, moisture, and 
three-dimensional wind velocity taken near the surface in the CASES site (Walnut 
River Watershed in southeastern Kansas, USA) during the Microfronts Experiment 
(date). We focus on clear nights when the surface inversion was strong. Two general 
classes of observations are considered: 1) weak winds (< 4 mps) and 2) stronger winds 
(> 4 mps). The objective of this study was to relate these observations to hypothesized 
physical processes such as density currents, breaking waves, so-called "fossil" 
turbulence, non-linear wave packets, and shear-driven turbulence. For this talk we 
focus on a gravity current episode during a period of weak winds. We show that the 
events that transfer substantial amounts of sensible heat are highly intermittent. Each 
of these events has observed "signatures" which are consistent with laboratory, 
heuristic descriptions, or numerical simulations of particular physical processes. We 
show these observations and analyses of them. We argue that, due to the highly 
intermittent character of the events, many observations will be needed to obtain 
quantitative information on the general characteristics of these physical processes 
which appear to be an important aspect of the nocturnal behavior of the atmospheric 
surface layer. Except for the shear-driven turbulence process, most operational and 
research numerical models of the atmosphere do not include these processes in their 
surface flux parameterizations. We conclude from our limited sample that events 
originating in the elevated inversion (well above the surface radiation inversion) that 
affect the surface layer are rare. 

MEASUREMENT OF ATMOSPHERIC WATER VAPOR FLUX 
IN THE NOCTURNAL URBAN BOUNDARY LAYER 

S. Casadio (1), M. P. Rao (2), M. Cacciani (1), P.G. Calisse (1), P. Castra- 
cane (1) and G. Fiocco (1) 
(1) Dipartimento di Fisica, Univaersita di Roma "La Sapienza", Roma, Italy, 
(2) Department of Physics, Andhra University, Visakhapatnam-530003, India. 
casadioCg24ux.sei.uniromal. it 

The operation of a water Raman lidar and a Doppler sodar in the central 
area of Rome during several nights in different seasons in the years 1994 and 
1995 provided new insight on the processes of urban boundary layer. The ex- 
periment was carried out during a variety of moisture conditions and under 
different boundary layer forcings. The wind vectors determined by Doppler 
sodar and water vapor mixing ratios obtained by Raman lidar are used to de- 
duce turbulent and mean fluxes of water vapor. The observations show that 
the mean vertical vapor flux is non-negligible and has values several orders of 
magnitude when compared to its turbulent counterpart. This is due to the fact 
that the observed mean vertical velocity is non-zero throughout the depth of 
the urban boundary layer except during the periods of free convection. The 
results are discussed in light of the urban heat island effect and the prevailing 
meso-meteorological conditions during the period of the experiment. 

VERTICAL VARIATION IN TURBULENT STATISTICS 

P. Buenestado and M.R. Soler (Dpt. Astronomia i Meteorologia, Uni- 
versität de Barcelona, Avda. Diagonal 647, 08028 Barcelona, Spain) 

Turbulence data collected at 35 and 50 m from a meteorological tower lo- 
cated in Catalonia, Spain, have been analyzed for two main purposes: a) 
To study vertical profiles of momentum flux, wind fluctuations variances, 
turbulence intensities, skewness and kurtosis. b) To assess residual fluc- 
tuations in order to ascertain effects attributable to the nonhomoge- 
neous, nonstationary character of turbulence and to evaluate influences 
of gravity waves. Residual wind fluctuations were defined for purposes 
of this study as the differences between observed half:hourly average 
standard deviations of wind fluctuations and those that are expected to 
occur in association with simultaneous wind speeds and static stabili- 
ties. These latter fluctuations have been estimated developing a series 
of equations that present average standard deviation of the three wind 
fluctuations as function of two measured variables, wind speed and static 
stability. 

FIRST-ORDER CLOSURE NUMERICAL MODELLING OF THE 
ATMOSPHERIC BOUNDARY LAYER IN AND ABOVE A FOR- 
EST CANOPY. 

A. J. Challinor (1), S. D. Mobbs (1) and B. A. Gardiner (2) 
(1) The Environment Centre, University of Leeds, Leeds LS2 9JT, England, 
UK, (2) Forestry Commision, Northern Research Station, Roslin, Midlothian 
EH259SY, Scotland, UK. 
andyM.ec.leeds.ac.uk/Fax: [44] (0)113 233 6716 

Two eddy-viscosity models describing the flow over forested ground are inves- 
tigated. Both employ the mixing-length hypothesis to model an infinite hori- 
zontal domain, stretching from the ground to the top of the boundary layer. 
The first of these is an isothermal steady-state model, in which various mixing 
length parameterisations can be used. Amongst these are a shear mixing length, 
and mixing lengths based on the element area density of the forest. These mix- 
ing lengths are forced to tend to a limiting value as the height above the forest 
increases. The use of Forestry Commission field data has allowed the accuracy 
of these, and of the mixing-length hypothesis in general, to be assessed. The 
model produces accurate Reynolds' stresses, especially in the lower part of the 
forest, but underestimates the wind shear in the upper part of the canopy. 
The second model is time-dependent, and includes thermal stability effects. It 
is used to look at sloping forests, and once again, data is shown for comparison. 
Also modelled are the effects on the flow of heat exchange mechanisms such as 
evaporation due to radiative heating of the canopy. Results from this will be 
presented. 
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STABLE BOUNDARY LAYER HEIGHT DERIVED FROM 
MEASUREMENTS AND A PLANETARY BOUNDARY LAYER 
MODEL 

L. Conangla and J. Vila (Dpt. Fisica Aplicada, Universität Politcc- 
nica de Catalunya, 08028 Barcelona, Spain) 
M.R. Soler (Dpt. Astronomia i Meteorologia, Universität de Barcelona, 
Avda. Diagonal 647, 08028 Barcelona, Spain) 

One of the main variables that describes the nocturnal boundary layer, 
NBL, is his depth. The knowledge of this height is very important in 
environmental meteorology, is a scaling parameter in similarity theory 
and it is a basic input parameter to meso and large scale models. During 
an experimental campaign carried out in Catalonia, Spain, during win- 
ter 1996, the NBL height, h, is estimated from measurements given by a 
Sodar Doppler and a thethersonde, and a 1-D NBL model. From the So- 
dar data, this height is estimated from the thermic structure parameter 
CT2. since one of the definitions ofh, is the level where the change in the 
vertical gradient of CT2 (proportional to backscatter Sodar intensity), 
within a zone of continuous decrease is most pronunciated. Those results 
are compared with h estimated by the virtual potential temperature and 
wind profiles measured by tethersonde. All this NBL heights calculated 
from different measurements are compared with those given by the 1-D 
NBL model, in this case h is determined by taking the level at which the 
heat flux reaches 0.05 of the surface values. The comparison of the NBL 
height estimated by different methods shows quite good agreement. 

MODULATION OF SURFACE FLUXES BY ORGANIZED 
LARGE EDDIES 

P. Drobinski (1), R.A. Brown (1,2), P.H. Flamant (1) and J. Pelon (3) 
(1) Laboratoire de Meteorologie Dynamique, Palaiseau, France, (2) Depart- 
ment of Atmospheric Sciences, Seattle, USA, (3) Service d'Aeronomie, Paris, 
France. 
drobiOstathp.polytechniqua.fr/Fax: [+33] 1.69.33.30.05 

For long time, the occurrence of Organized Large Eddies (OLE) or rolls in the 
lower atmosphere have been reported refering to cloud organized structures 
associated to the atmospheric flow (Brown, 1970). Since then, a considerable 
body of theoretical works and numerical simulations have been devoted to 
include OLE in the models (Brown 1970). Despite observational verification, 
there is still a lack of specific observations of flow characteristics such as OLE 
components, OLE lateral drift, and interactions with boundary conditions such 
as an inversion cap. 
A problem is the observational requirements to provide relevant information 
with high spatial resolution, high accuracy and long time series of measure- 
ments. In the course of a field experiment (Menut et al., 1996). mean and 
turbulent meteorological parameters are investigated that show the presence 
of OLE. The measurements by Doppler lidar, sonic anemometers and sodars 
gave an overview of the characteristics of these OLE and sources of energy pro- 
duction that maintain them. The experimental results are compared to model 
outputs. The agreement is excellent, it shows that thermal stratification and 
wind shear are important factors in the structure of the OLE. 

EXCHANGE PROCESSES IN A VALLEY SYSTEM: THE EF- 
FECTS OF LOCAL CIRCULATION 

B. Daves (1), F. Tampieri (2), M. Tubino (1) and D. Zardi (1) 
(1) Dipartimento di Ingegneria Civile ed Ambientale, Universitä di Trento, Via 
Mesiano 771-38050 Trento TN, Italy, (2) Istituto IMGA-CNR, Via Gobetti 101 
1-40129 Bologna BO, Italy. 
Dino.Zardieing.unitn.it/Fax: [39] 461 88 2672 

Local circulations in valleys are usually dealt with as a micro- or meso- meteo- 
rological problem. Looking at the overall features of the circulations, however, 
the effect can be synthesized as a transport mechanism along and across the 
valley, and an exchange mechanism between the valley air and the atmosphere 
over it. In this work we shall consider both some case studies and the climato- 
logical features of a valley system (Adige Valley near Trento and Lakes Valley 
nearby) where a peculiar circulation occurs, often under fair weather condi- 
tions: the so called 'Ora del GardaVThis circulation is characterized by the 
fact that the upvalley wind which produces in the Sarca Valley appears as a 
strong gusty wind in the Adige Valley just north of Trento, which blows over 
the (low) divide between the valleys. Time series of surface data are analyzed in 
order to give a quantitative description of this qualitatively well-known effect: 
and a few case studies are reported, taking into account special observations 
carried out in specific sites (near the divide). The bulk circulation characteris- 
tics are interpreted in terms of hydraulic models. In this way the overall (i.e. 
along valley) transport features are evidenced, and the exchange among the 
two valleys can be estimated. On a coarse scale, these processes can be viewed 
as quasi-horizontal mixing processes, in conditions under which mixing is gen- 
erally supposed to be inhibited. 

PARAMETRIZATION OF STABLE BOUNDARY 

LAYERS: SENSITIVITY TO STABILITY FUNCTIONS. 

C. C. Dunlop 
The UK Meteorological Office, Bracknell 
cdunlop@meto.gov.uk   Fax: 44 1344 856099 

A first order closure scheme is used to characterise mixing in 
the stable boundary layer. The eddy diffusivities are related to 
the local stability through functions of the gradient Richardson 
number.  Different stability functions are compared, which 
allow different mixing at higher stabilities: these include the 
version used in the UK Meteorological Office's operational 
Mesoscale model and a scheme which cuts off turbulence at a 
critical Richardson number. The stability functions are tested in 
a single column model, with a fully interactive soil and surface 
scheme, which is forced by gradients from the Mesoscale 
model. The single column model was run for the site of 
Cardington, England, and comparisons are made with 
observations from the Met. Research Unit at Cardington, of 
both surface fluxes and tethered balloon profiles. The model's 
surface fluxes and mean profiles are shown to be strongly 
affected by the stability functions used. 

UHF validation campaign using rawinsoundings, sodar, anemometers and 
disdrometer. 

J. Dessensl, B. Benechl and B. Campistronl, S, Jacobyl , E. Dupont2 and B. 
Carissimo2 
(1) Laboratoire d'AeroIogie, UMR 5560 Universite Paul Sabatier, Observatoire 
Midi-Pyrenees, Centre de Recherches Atmospheriques, 65300 Campistrous. France. 
(2) Electricite De France. Direction des Etudes et Recherches, Chatou, France. 

A field experimental program of continuous meteorological measurements has been 
realised at the experimental site of the Laboratoire d'AeroIogie at Lannemezan from 
July 1996 through April 1997. The following ground equipment were operated 
simultaneously: a UHF wind profiler, a sodar, two sonic anemometers at 30 and 60 
m elevations, a meteorological station and a disdrometer. Simultaneously to these 
measurements, more than 200 radar tracking of pilot balloons and about 30 
rawinsondes have been launched. The technical characteristics of this equipment 
allow us to use different methods of comparison for the specified characteristics of 
each instrument. Examples of comparison for several types of meteorological 
situations (strong surface wind, precipitation, thermal stability) are given and 
analysed with a special emphasis on the achievements and limits of the UHF 
profiler. 

TURBULENT LENGTH SCALES IN THE MARINE ATMO- 
SPHERIC MIXED LAYER 

P. Durand, F. Thoumieux and D. Lambert 
Laboratoire d'AeroIogie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 
Toulouse. 

From aircraft measurements of turbulent wind, temperature and moisture, 
performed in the atmospheric mixed layer above the open ocean during the 
SEMAPHORE experiment, we computed the profiles of the energy-containing, 
integral and dissipative scales. The relationships between these three scales de- 
termine the energy spectra of the various parameters in the mixed layer. We 
show that all but the dissipative scales, computed on runs performed along 
the mean wind direction, are greater than those computed on cross-wind runs. 
This difference is mainly observed in the lower half of the mixed layer, i.e. the 
fraction which is controlled by surface fluxes. Furhermore, the scales are very 
different from a parameter to another: for example, the integral scale cannot be 
easily computed on the temperature, moisture and horizontal velocity signal, 
because it continuously increases as the length on the run increases, whereas, on 
the vertical velocity, short runs (10km) are sufficient to estimate its proper or- 
der of magnitude. On the end, we show that previous estimates of these scales, 
when available, agree reasonably well with our results. However, several profiles 
constitute original results which could be used to test the performances of the 
turbulence schemes (when they are based on a length-scale parameterization) 
in meteorological models. 
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CONVECTION AND THERMAL STRUCTURE IN AN ALPINE 
VALLEY 

A. Ferrrari (1), F. Tampieri (2) and D. Zardi (1) 
(1) Dipartimento di Ingegneria Civile ed Ambientale, Universita di Trento, Via 
Mesiano 77 1-38050 Trento TN, Italy, (2) Istituto IMGA-CNR, Via Gobetti 101 
1-40129 Bologna BO, Italy. 
Dino.ZardiCing.unitn.it/Fax: [39] 461 88 2672 

The convective boundary layer which develops at the bottom and along the 
sides of a valley leads to typical temperature structure in a cross section, and 
to peculiar mixing effects. An experimental investigation has been performed 
in the Adige valley, near Trento (southern Alps side) using a motor-glider to 
determine the features of the temperature field and its time evolution during the 
morning. The data are temperature, pressure and humidity. The measurement 
results allow to guess some features of the CBL, to individuate the inversion 
height and the characteristics of the stable atmosphere over the inversion and 
below the ridge height. This experimental picture has been compared with 
conceptual models of the evolution of the valley atmosphere under the action 
of radiative heating. Some preliminary results concerning the turbulent mixing 
in the valley are discussed. 

SURFACE FLUXES VARIABILITY AND HIS INFLUENCE 
ON THE DEVELOPMENT OF THE PLANETARY BOUND- 
ARY LAYER 

C. Infante and M.R. Soler (Dpt.  Astronomia i Meteorologia, Univer- 
sität de Barcelona, Avda. Diagonal 647, 08028 Barcelona, Spain) 
L. Conangla (Dpt. Fisica Aplicada, Universität Politecnica de Catalunya, 
08028 Barcelona, Spain) 
rosa@mizar.am.ub.es / Fax: 34 3 402 11 33 

The first steep to understand how the surface interacts with the Plane- 
tary Boundary Layer, (PBL), is to couple relatively simple land surface 
models to PBL models. In this study two 1-D PBL models are coupled 
to a land surface parameterization models. The first PBL model applies 
in unstable and neutral conditions and is coupled with a surface model 
that consider two layers (ground -(-vegetation) and soil. The second 
PBL model applies in stable conditions and is coupled with a surface 
model that takes into account three layers, soil, surface and vegetation. 
We have simulated the evolution of the daily and nocturnal PBL over 
two different types of soil and vegetation, dry and irrigated agricultural 
areas. For each area we have considered wet to dry conditions and dif- 
ferent fractions of vegetation density. The results show that different 
behavior of the superficial fluxes in response to changing surface param- 
eters, causes important modifications on the state and development of 
the PBL. 

Mathematical model of the turbulent flow of the polluted air with the due 
regard of the relief of Republic of Georgia. 

M. Gurgenidze, T. Bibilashvili Z. Khvedelidze 
(Tbilissi State Univ., 3 Av Tshavtshavadze, 380002 Tbilissi, Georgia 

The creation of the mathematical models of the atmospheric pollution is 
of a great importance because of the very complicated physical relief of the 
Republic of Georgia. The data of the model enable us to realize different projects 
taking into consideration all the desirable and undessirable factors. Classical 
equations of the diffusion and equations of hydrodynamics were used in order to 
solve the given task. At the initial moment the power of the source, quantity and 
direction of the wind and turbulent coefficients are well-know. During the 
vertical calculations we took 15 layers the with step 50 m and during the 
horizontaly with step Ax = Ay =200m. 
The calculations were made parallel to the direction of the predominant wind 
until the conceentration of the admixtures was equaled with 0,01 part of the 
meaning of the initial concentration. The calculations were carried out in both 
stationary and non- stationary regime. It was found out that in non-stationary 
case the weather conditions and the relief of the district have the principal 
meaning for the spreading of the admixtures. The spreading occurs in the 
spherical segment in the symmetric way towards the direction of the wind. 

ANALYSIS OF TURBULENCE MEASUREMENTS IN THE 
ATMOSPHERIC BOUNDARY LAYER BY UHF PROFILER, SODAR 
AND SONIC ANEMOMETER. 

S. Jacobv1, B. Benech1, B. Campistron1, J. Dessens1, E. Dupont2 and B. 
Carissimo2 

(1)   Laboratoire   d'Aerologie,   UMR   5560   Universite   Paul   Sabatier, 
Observatoire Midi-Pyrenees, Centre de Recherches Atmospheriques, 65300 
Campistrous, France . (2) Electricite De France, Direction des Etudes et 
Recherches, Chatou, France. 

The continuous data measured with a UHF wind profiler are examined 
during days for which the diurnal evolution of the convective boundary 
layer is well identified by classical methods (height of the boundary layer 
determined by rawinsonde, turbulence analysed by sonic anemometer at a 
height of 60 m and by sodar up to a height of 600 m). The relation between 
the profiles of reflectivity and spectral width and the gradients of 
temperature and humidity allows us in some circumstances the 
identification of the boundary layer upper limit. An analysis is also made at 
different levels of the diurnal cycle of the spectral width and of its relation 
with the atmospheric turbulence computed from the measurement of the 
vertical velocity variance made by the sonic anemometer and the sodar. 

PROBLEMS OF AND APPROACHES TO SCALE SEPARATION 
USING THE EXAMPLE OF ADVECTION 

Andreas Hauschild (1) and Dr.H.-J.Spitzer (2) 
(1) Institute of Meteorology (Theoret. Met.). FU Berlin , (2) Computing Cen- 
ter, Humboldt-University Berlin. 

The further development of equations for a specific scale range, such as climate 
and weather, would save computer time and minimize sources of e^ror. A central 
problem in all models is the treatment of sub-scale advection. Because of the 
advection can be calculated from measured data, the deficit of being unable to 
Carrie out experiments may be cämpensated. For the large scale atmosphere it 
can be demonstrated that the usual application of Reynolds filtering for treat- 
ment of sub-scale advection in AGCMs leads to large errors. The deviations 
from Reynolds filtering are not distributed randomly in time. 
Two new approaches to scale separation are presented and discussed. In hy- 
drodynamics the Leonard and Mixed tensors, neglected in Reynolds filtering, 
are increasingly being parameterized. One of the strategies is to calculate the 
Leonard tensors explicitly and to parameterize only the Mixed tensors. 
A completely new approach to scale separation appears to be possible if spe- 
cial properties of large scale dynamics are considered. It can be demonstrated 
that the stationary part of the atmospheric dynamics is not represented by the 
temporally averaged spatial variables, but by the temporally averaged spatial, 
spectral coefficients. The last are only weakly time-dependent, in contrast to 
the phases. Additionally the spectral coefficients have ergodic properties. The 
idea is that the spectral coefficients determine the development of the climate 
and the phases the development of the weather. 

Calculation of the Turbulent Heat Flow by Means of the 
Gradient Method for the Mountain Terrain 

Z. Khvedelidze, T. Bibilashvili and R. Danelia 
Tbilissi Stale University, Geophysics Department, 3 Av. Tshavtshavadze, 380002 
Tbilissi, Georgia. 

Il has been already established that the mountain terrain complicates 
micrometeorologic regim and especially the spreading of Ihe admixtures in 
turbulent medium in the surface layer of the atmosphere, turbulent heat flows 
were calculated by means of the gradient data for the further specification of the 
given question for some mountain regions of the Republic of Georgia. Humidity 
and the temperature of the air were measured on two levels - 0,5m and 2m, while 
the speed and the direction of the wind were measured on three levels - 0,5m; 2m 
and 4m, at die stationary . stations with due regard for ihe inclination of the 
ground surface. The experiments were carried out with one hour-interval. One 
could watch relatively stable temperature regime and an increase of the gradient 
of the air humidity on die top of the mountain against a background of die 
cloudless sky. According to the data of die meanings of the turbulent heat flow it 
was found out that the solar energy is spread irregularly and has different 
meanings in various mountain regions of the Republic of Georgia. It turned out 
that there is more solar energy (the duration of the lighting was not less than 6 
hours) on the isolated area in the Eastern Georgia (Telavi - 1640 kwt.hour/m!) 
than in the Western Georgia (Sukhumi - 1500 kwt.hour/m!). 
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A new way to parameterize turbulence over high mountains 

V. Masson and P. Bougeault 
(CNRM.Meteo-France, 42 avenue Coriolis, F-31057 Toulouse, France) 

The only modification of the turbulence schemes commonly used in moun- 
tainous areas is the extrapolation of the logarithmic law by the enhancement 
of the roughness length. Here are proposed two further modifications of the 
turbulence scheme itself, based on physical considerations, designed to param- 
eterize two effects encoutered over very accidented orography: 

1. the presence of deep valleys, by increasing the mixing length in the 
boundary layer, 

2. the turbulence production by the horizontal wind shear induced by the 
deviation around the subgrid peaks, even high above the model surface. 

These two parameterizations are used along with the classical enhancement 
of the roughness length. 3D simulations of realistic orographic flow observed 
during PYREX are then performed at meso-/3 scale with the MESO-NH model, 
with or without this Tiigh mountain turbulence scheme' (hmts). They show 
important improvements when using it, both over and around the ridge. 

Finally, the model is run at meso-7 scale as a 'numerical laboratory' to 
simulate explicitely the turbulence, lee waves and rotors. These features com- 
pare well with the observations, and bring a first direct validation of the hmts. 

THE CLOUDY BOUNDARY LAYER FLOWS VISUALISATION. 

S. Pavlov [1] A. Petrosyan {2], 
[1] Moscow Institute of Physics and Technology. 
[2]    Space   Research   Institute,   Profsouznaya, 84/32, 117810 Moscow.Russia 
apetrosy@iki.rssi.ru/Fax +7-095-310-70 

The new approach to the problem of the cloudy boundary layer flow visualization and 
studies was developed. We have examined the sequence of cloudy layer images such 
as hurricanes and tropical storms in order to reconstruct the 2D- velocity field. We 
have used the Adaptive Least- Square Matching technique in order to reconstruct the 
2D-velocity field. This method allows us to proceed the analyze at different scales 
with good availability control. Although our analyze was based on cloud movements, 
so we can tell only about "cloud-based" velocity, this results are meanful in relation 
with impurity translations. This technique has great potential, because using couple of 
satellite images (stereopair) we will be able to reconstruct 3D-velocity field. The first 
results on reconstruction of tropical storm flows will be discussed in our presentation. 

SIMULATION OF METEOROLOGICAL QUANTITIES IN PLANT STANDS 

W. Mix (1). A. Ziemann (2), V. Goldberg (3) and K. Bernhardt (4) 
(l)Humboldt-University, Institute for Physics, Invalidenstr. 110, D-10115 Berlin 

e-mail: WMix234368@aol.com / Tel.: (030) 2093-7639 / Fax: (030) 2093-7877 
(2)University of Leipzig, Institute for Meteorology, Stephanstr. 3. D-04103 Leipzig 
(»Technical University of Dresden. Institute forHydrology and Meteorology, 

Pienn«Str.9,D-0i737Tharanot 
(4)Leibniz-Soziefflt e. V, Postfach 34, D-12563 Berlin 

For the treatment of problems in the field of forest and agricultural meteorology 
an atmospheric boundary layer model containing a vegetation canopy (forest, 
other plants) was developed. It makes possible the simulation of essential 
meteorological quantities (wind, air temperature, atmospheric humidity) as well 
as turbulent energy fluxes and other turbulence characteristics within and above 
large-area forest canopies. The model is also applicable to lower-grown plant 
stands (i. e. agricultural ones) where any stand density, degree of plant covering 
and specific parameters for vegetation and soil can be prescribed. Simulation 
models of this type are sufficiently characterized by their very high vertical 
resolution (above SO computational levels in the lowest 20 meters, 120 levels 
between 0 m and the upper boundary of the model domain at 2000 m). The 
vertical resolution is an important characteristic feature compared to other model 
classes (big-leaf models, mesoscale simulation models). Furthermore the 
numerical expense is much smaller than the one for mesoscale models. Numerous 
numerical experiments have been carried out with various turbulence closure 
assumptions for different seasons and foliage conditions. The characteristic 
features of the simulated quantities mentioned including the biomass temperature 
are reproduced in a good general agreement with observations. 

Characterization of atmospheric turbulence by the collec- 
tive wave scattering approach 

J-R. Tozza1, C. Hanuise1, D. Gresillon2 

(1) LSEET/CNRS, Universite de toulon, BP 132, 83957 Lagarde, 
Prance, (2) LPMI, Ecole Polytechnique, 91128 Palaiseau, France 
tozza@lseet.univ-tln.fr /Fax: +33 0494142417 

ST radars are commonly used to study atmospheric turbulence 
from the power or the width of the Doppler spectrum, for exam- 
ple by determining the structure constant C\ or the energy dissi- 
pation rate, e. An original approach, based on the theory of the 
collective diffusion and a Lagrangian description of the diffusion 
center's motion, gives us an analytical form of the autocorrela- 
tion function and therefore of the Doppler spectrum, its Fourier 
transform. Considering the 'beam-width broadening' of the radar 
and the mean wind, we can fit them and directly obtain the eddy 
diffusion coefficient, the correlation time and the power spectrum 
of the index fluctuations (*„(fc)). Knowing *„(*) we may deduce 
the C%, L0 the outer scale and l0 the inner scale. We shall present 
results and we shall compare them with the values obtained by 
usual methods. 

A PROGNOSTIC PARAMETERIZATION OF THE TRANSILIENT 
TURBULENCE MATRIX FOR NON-LOCAL CLOSURE 

Henryk Modzelewski 
Atmospheric Science Programme, Geography, The University of British Columbia 
henryk@geog.ubc.ca / Fax:+604-822-6150 

A variety of turbulence closure models have been developed that relate turbulent 
dispersion and mixing to non-local properties of the turbulent flow. 
The Transilient Turbulence (TT) closure model employs a non-local definition of 
turbulent fluxes and produces non-local mixing of physical quantities. Admitting the 
advective character of turbulent dispersion, the basic assumption of TT states that in 
certain conditions a matrix operator, called the Transilient Matrix (TM). may be used 
to represent the process of non-local turbulent mixing. 
The previously developed parameterizations of TM are diagnostic; i.e., they defined 
the amount of non-local mixing based on the current state of the atmosphere. The 
most recent one used a diagnostic formula based on non-local analogue of the 
turbulence kinetic energy (TKE) budget equation. Proposed here is a prognostic, 1.5 
order, version utilizing a non-local analogue of the TKE budget equation. Hence, it 
takes into account the evolution of the turbulence and its influence on the turbulent 
state of the atmospheric flow. 
We will introduce the main ideas and proposed prognostic formulation of the TM 
parameterization. Then we will present the results of simulations, using a simple 
dispersion model, for which we will consider idealized cases with different types of 
forcing conditions and different types of atmospheric stability. Finally we will 
discuss turbulent dispersion and evolution of PBL as predicted by TT. 

STUDY OF THE ATMOSPHERIC STABILITY BY USING A 9 M 
METEOROLOGICAL MAST 

R.E. Viloria1, V. Tricio1, L.R. Rodriguez2, M.I. Gonzalez2 and A. Serna1 

1 Departamento de Fi'sica. Facultad de CYTA y C. Qufmicas. Universidad 
de Burgos (Spain) 
2 Departamento de Ffsica. Escuela Universitaria Polite'cnica. Universidad 
de Burgos (Spain) 
E-mail:  rviloria@uhu.es    vtricio@ubu.es 

In this work the first results obtained with the use of a 9-m 
meteorological mast are presented. This small tower is located in Villafrfa 
(Burgos, Spain), in a flat semi-urban terrain. Wind speed, wind direction, 
air temperature and relative humidity sensors are placed at three heights; 
also, global and net radiation, atmospheric pressure, soil heat flux and 
three soil temperatures are measured. The atmospheric turbulence 
structure of the surface layer has been studied with this set of instruments. 
After the calculation of the roughness length in neutral conditions, the 
main turbulent parameters of the surface and boundary layer have been 
evaluated with the use of the wind, temperature and humidity profiles in 
different stability conditions. The transition from a stable to unstable 
surface layer is studied in the particular case of an autumn single-night 
radiation fog. 
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BOTTOM BOUNDARY LAYER IN THE BLACK SEA 

Vladimir M.Kushnir, Marine Hydrophysical Institution NASU Sevastopol. E-mail: 
aoi@mhi2.sebastopol.ua 

Specialized complex OLT-D for vertical profiling of currents and hydrologic 
characteristics in near-bottom area was created in the MHI NASU. Experimental 
researches were executed in the shelf zone and in the deep-water regions of the Sea. 
Data processing and attraction of archival materials have shown the significant 
diversity of structural BBL features. Turbulence stipulated by the shifts of the 
near bottom currents playes the main role in the BBL formation on the shelf zone. 
Positive vertical gradients of temperature and salinity are observed in many regions 
and it creates the conditions for developments of the differental-diffusion convection 
processes. The estimates were shown that their contributions in the vertical flows 
considerably smaller then the shift turbulence contribution. Near-bottom thermal 
convection layer with the thickness to 500 - 550 m (average significance about 300 
m) is formed in the deep-water part of the Black Sea under action of the geothermal 
flows and inducting convection turbulence. Diffusive boundary layer with thickness 
from 30-50 to 100-120 m is observed on the BBL top border. Differental-diffusive 
processes develop in this layer forming its fine-structural stratification. These 
processes largely provide the balance between geothermal flow and heat flow through 
top BBL border. The dependence of the BBL thickness from the geothermal flow 
correspondent to the known Turner's model (1968) at account of the effect of the 
Earth rotation on the convection instability development in the diffusive layer. 

A NEW CONCEPT OF THE 3ri ORDER TRANSPORT AND NON-LOCAL 
TURBULENCE CLOSURES FOR CONVECTIVE BOUNDARY LAYERS 
(CBLs) 

S.Zilitinkevichd). V.M. Gryanik (2,3), V. N. Lykossov (4) and D.V. Mironov (2) 
(1) GKSS, D-21502 Geesthacht, sergej@gkss.de, (2) AWI, Bremerhaven, (3) 
IPhA, Moscow, (4) ICM, Moscow 

A new advection + diffusion parameterization for the flux of flux of potential 
temperature is developed with due regard to the bottom-up/top-down asymmetry of 
the semi-organised buoyancy-driven structures in the CBL. Next, working out the 
heat-flux budget equation, a non-local turbulence closure is derived. The latter is 
shown to be in excellent correspondence with large-eddy simulation (LES) of the 
CBL. In particular cases it reduces to the counter-gradient, transport-asymmetry 
and integral closure schemes proposed earlier. It provides mathematically rigorous 
procedure for the decomposition of the heat flux into the bottom-up and top-down 
components 

USE OF FOBXER-PLANK EQUATION FOR PARAMETERIZATION OF 
TURBULENT DIFFUSION OF GAS-AEROSOL POLLUTION IN 
ATMOSPHERE. 

Volodymyr M. Votoshchuk, professor, the department of meteorology and 
climatology of Eyiv Tam Shevchenko University. 

Hn an considered tht conditions, in which turbulent diffusion of gas-aerotot 
pollution can be approximated by random Markov proetu in co-ordinate and 
velocity apace of turbulent mote (random field of acceleration* U supposed delta- 
correlation). There m formulated Fokker-Plank equation for parameterization 
of turbulent diffusion in co-ordinate and velocity apace. 
There was obtained functional transformation of Fokker-Plank equation, which 
■Bows to make its analysis one of usual equation of turbulent dnTution, for 
which the turbulent exchange is parameterized with help of well-known gradient 
approximation. 
There were obtained analytical solutions of Fokker-Plank equation for problem 
on turbulent diffusion of gac-aerotol pollution in atmosphere taking into account 
the underlying surface influence and also sedimentation, physical-chemical 
transformation and horizontal transfer or particles. In obtained solutions for the 
first time there was considered the influence of LaGrange scale of atmosphere 
vertical turbulence. 

A PROGNOSTIC EQUATION FOR THE DEPTH OF EVOLVING STABLY 
STRATIFIED ATMOSPHERIC PLANETARY BOUNDARY LAYERS 

S. Zilitinkevich m. P.-E. Johansson (2), A. Baklanov (2), and D.V. Mironov (3) 
(1)   Institute   for   Hydrophysics,    GKSS,    D-21502   Geesthacht,   Germany, 
sergej@gkss.de, (2) Dept. of NBC Defence, FOA, S-90182 Umei Sweden, (3) 
Dept. of Physics, AWI, Am Handelshafen 12, D-27570 Bremerhaven, Germany 

A prognostic equation for the depth of the stably stratified planetary boundary layer 
(SBL) is derived from scaling analysis of the non-steady turbulence kinetic energy 
budget with due regard to the earth rotation, the surface buoyancy flux, the static 
stability of the free flow, and the large-scale rising or subsidence. In the steady state 
the equation reduces to a multi-limit, equilibrium SBL depth formulation. In 
different non-steady regimes the SBL relaxation time scale depends on different 
governing parameters. It is shown to be typically of order several hours for the most 
of atmospheric SBLs. The SBL growth and decay predicted by the proposed 
prognostic equation are compared with what follows from turbulence-closure and 
bulk-Richardson-number models, and also with available field data. Possible 
implementation of the proposed SBL-depth equation in atmospheric models is 
briefly discussed. 

THEORETICAL STUDY OF ACOUSTIC TOMOGRAPHY INSIDE THE 
ATMOSPHERIC BOUNDARY LAYER 

A. Ziemann. K.Amold, A.Raabe (Institute for Meteorology, University Leipzig, 
Stephanstr. 3, D-04103 Leipzig. Germany) 

The method of acoustic tomography »ill be transferred on the turbulent atmosphere 
in order to directly provide area averaged values of meteorological quantities, espe- 
cially air temperature, needed for evaluation of Large Eddy Simulations and micro- 
scale Atmospheric Boundary Layer models. 
Sound waves propagate through the atmosphere with different sound velocities ac- 
cording to the distribution of air temperature and wind vector caused, e.g., by the 
environmental conditions. Therefore, sound waves become a carrier of information 
and lead to a spatial description of the medium properties. 
In the presented study measured acoustic travel time data between 6 sources and 4 
receivers, set up in an experimental array of 260x200 m2 over grassland (Melpitz 
Experiment '97), were used as initial values for acoustic tomography. 
A frequently used procedure of ray tomography, the Simultaneous Iterative Recon- 
struction Technique (SIRT). characterised by simple handling and small computa- 
tional time requirements will be applied. 
To estimate the general sound ray propagation through the atmosphere during vari- 
ous meteorological situations and the difference to an approximation of horizontally 
straight ray propagation a ray tracing model based on a modified version of Snell's 
law corresponding to the influence of wind vector will be introduced which requires 
vertically high resoluted temperature and wind profiles. 
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OA10 Fluxes over terrestrial surfaces 

Convener: Jensen, N.O. 

01 Surface fluxes in non-homogeneous terrain 

Convener: Foken, T. 

Estimating potential evaporation over a hill 

E.BIyth and C.Huntingford 
Institute of Hydrology! Wallingford, Oxon. OX10 8BB, UK 

The effect of orography on the potential evaporation is studied numerically and 
analytically. In some thermodynamic regimes (warm and wet) potential evaporation 
can drop by 30 percent over a 300m hill. On the other hand, the increase in surface 
area in hilly terrain can cause the potential evaporation to increase, even when the 
reduction in available energy per unit surface area is taken into account. If the average 
slope of the hill is 30 degrees, the increase in potential evaporation can be as much as 
10 percent. Present methods for estimating the effect of orography on potential 
evaporation in meteorological and hydrological models correctly predict the effect of 
adiabatic cooling, but ignore the effect of the increase in surface area. 

SENSIBLE HEAT FLUX AND RADIOMETRIC SURFACE TEMPERATURE 
OVER SPARSE VEGETATION IN A SEMIARID REGION 

ALADOS-ARBOLEDAS, L.. AND OLMO, F.J. 
Grupo de Fisica de la Atmosfera. Dpto de Fisica Aplicada, Universidad de Granada. 
18071, Granada, Spain, e-mail: alados@ugr.es. Fax: 34 58 244024 

The demand for spatial distributions of surface fluxes requires the use of remote 
sensing. Sensible heat fluxes can be estimated from knowledge of surface temperatures 
measured at the thermal infrared wavelengths. These kinds of methods require also a 
measure of air temperature. The estimation of the sensible heat flux from these two 
temperatures requires an estimate of the excess resistance to be added to the 
aerodynamic resistance to the transfer of heat from the surface. Earlier studies have 
provided different evaluations of this term. In this work, we analyse this excess 
resistance using data acquired over sparse vegetation in a semiarid region. The study 
area is located in a semiarid basin in south-eastern Spain. Data used in this study 
correspond to the first three months of a field campaign that started in August 1997. 
The turbulent surface fluxes have been measured using an eddy correlation system and 
averaged over twenty minute periods. The system includes a three axis sonic 
anemometer (CSAT-3) with a fine wire thermocouple. In this way we obtain estimates 
of sensible heat flux and friction velocity. The last is a necessary input for the 
aerodynamic resistance. The radiometric surface temperature was measured using 
Everest Interscience model 4000 infrared thermometer detecting in the 8-14 micron 
waveband. 

Surface fluxes, turbulent moments and characteristic scales of a tropical 
forest, a tropical savanah and a Sahelian savanah in Africa. 

A. Druilhet and Sa;d F. 
Laboratoire dAjrologie, UMR CNRS/UPS 5560, OMP, 14 av. E. Belin. 31400 
Toulouse. France 

Fluxes of sensible heat and latent heat were collected by aircraft during two 
international experiment, in two different'areas in Africa : HAPEX-Sahel 1992 in 
Niger (14 degrees N) and EXPRESSO 1996 (5 degrees N) at the boundary between 
Congo and Central-Africa. The first was devoted to the estimation of the surface 
energy budget a_t a regional scale in a sahelian boundary layer whereas the second was 
aimed at estimating the dynamical and chemical exchanges between the tropical forest 
and the savanah. The turbulent characteristic of the boundary layers are compared in 
relation with the surface variability. Both boundary layers are forced by similar 
large-scale atmospheric circulations linked to the progression of the Intertropical 
Convergence Zones (ITCZ). According to the position of the ITCZ relative to the area 
of study, the surface layer and a part or the whole of the boundary layer is controlled 
by the south-west flows of the Monsoon (warm and moist) whereas the upper layers 
are driven by the north-east warmer and drier flows of the Harmattan. So. the 
difference in the Bowen ratios that is expected owing to the different surface covers in 
both experiments can also be examined with respect to the synoptic scale conditions. 
Special attention will be drawn to the influence of the large scales at the top of the 
boundary layer on the surface momenta, to show that the problem of spatial averaging 
of the surface fluxes not only requires a good knowledge of the surface variability but 
also of the whole boundary layer structure. 

FLUXES OVER HETEROGENEOUS LAND SURFACES 
EXPERIMENT 

THE LITFASS-1998 

F.Bevrichfl). J. Neisser (I), M. Quante (2), and Ch. Wode (3) 
(1) Deutscher Wetterdienst, Meteorologisches Observatorium, D-l 5864 Lindenberg, (2) 
GKSS Forschungszentram, D-21502 Geesthacht, (3) Institut für Meteorologie und 
Klimatologie, Universität Hannover, D - 30419 Hannover 
fbe>TicIi@dwd.d400.de 

The German Weather Service (DWD) currently runs a live-year research program 
(LITFASS) in order to determine the area-averaged turbulent fluxes of energy and momen- 
tum over a heterogeneous landscape around Lindenberg. These fluxes shall be representa- 
tive for a horizontal scale of about 10 km (while the txpical patch scale is between 101 to 
10' m) corresponding to the size of a grid cell in the present operational NWP model of 
the DWD. The LITFASS-projeet is closely related to the BALTEX program since the 
topography around I.indenberg is typical for larger regions of eastern Central Europe and 
hence for a major part of the southern BALTEX area. 
In May-June 1998, a field experiment will be carried out in the Lindenberg area. Turbulent 
fluxes which are representative for different horizontal scales will be derived from eddv- 
correlation measurements over different types of land surfaces, from spatially integrating 
scintillometer measurements of structure function parameters, from remote sensing data, 
and from airborne measurements using the HELIPOD sonde and high-resolution aircraft 
instrumentation. Vertical profiles of meteorological parameters across the ABL will be 
provided from continuous operation of sodar, wind profiler, RASS, and lidar systems. The 
paper shall present details of the experiment design and of the data evaluation strategy. 

REGIONAL ENERGY FLUX MEASUREMENTS AND MOD- 
ELLING ALONG A RAINFALL GRADIENT IN AUSTRALIA 

K. Finkele (1), J. J. Katzfey (2), E. A. Kowalczyk (2), J. L. McGregor (2) 
and M. R. Raupach (3) 
(1) LPAP, Universite de Liege, Belgium, (2) CSIRO Div. of Atmospheric Re- 
search, Aspendale, Australia, (3) CSIRO Land and Water, Canberra. Australia, 
f inkeleCastro.ulg.ac.be/Fax: [+32J [4] 252 7474 

There is a continuing need for models of land-atmosphere interaction at scales 
from patch to region, to serve the requirements of atmospheric models for ter- 
restrial lower boundary conditions, and the needs of hydrological models for 
descriptions of the water flux between soil and atmosphere. The Snow-Soil- 
Canopj'-Atmosphere Model (SSCAM) is a model designed to include all rele- 
vant physical and biological processes. Special attention is paid to aerodynamic 
processes. Simulations are made of fluxes measured during OASIS (Observa- 
tions At Several Interacting Scales), a large-scale experiment on energy and 
trace gas exchanges in a heterogeneous landscape near Wagga Wagga, NSW. 
Australia. Energy flux data are available from several sites with different veg- 
etation covers (pasture, wheat, oats and triticale) along a transect of length 
100 km. over a three-week period in October 1995. The mean annual rainfall is 
550 mm at Wagga Wagga and decreases westward by about 1 nun per km. Thf 
regional scale energy fluxes are simulated using the three-dimensional Division 
of Atmospheric Research Limited Area Model (DARLAM) with SSCAM as a 
lower boundary condition, accounting for heterogeneity in vegetation cover and 
soil type. 
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Scaling of C02 and CH4 fluxes from chambers to landscape 

scale. 

T. Friborg, H. Soegaard, C. Nordstroem B.U. Hansen(l) and T.R. 
Christensen(2). 
(1) Institute of Geography, University of Copenhagen. (2) Dept. Of 
Ecology, Lund University. 

During summer season of 1997 fluxes of carbon dioxide and methane were 
measured over an extensive fen and a neighbouring heath area in northeastern 
Greenland. The sire of the fen area provided almost optimal fetch conditions for the 
eddy correlation measurements, but also over this type of surface variation in fluxes 
could be related to differences in wind direction an source areas. Also the chamber 
measurements reflected the small scale differences in vegetation composition 
ranging from wet dominated arctic cotton grass (Eriophorum sceuchzeri) to the- 
more dry species of dwarf shrubs (e.g. Cässiope tetragona and Vaccinium 
uliginosum). Here we show how the local heterogeneities found in the chamber 
measurements are related to eddy correlation measurements. Further we 
demonstrate how eddy correlation measurements made over two different surfaces 
at low level can be integrated in higher level eddy correlation measurements. An 
interpretation of the differences found in the fluxes, is based on a classification of 
the fen area depending on vegetation types in the source area. 

Effect of Soil Moisture on the Diurnal Variability of the Atmospheric Boundary 
Layer 

Robert L. Grossman (1), Margaret A. LeMone (2), and William Blumen (1) 
(1) Program in Atmospheric and Ocean Sciences, Univ. of Colorado, Boulder, CO 
(2) National Center for Atmospheric Research, Boulder, CO 
blumen@paradox.colorado.edu/Fax: 303-492-3524 

We report on preliminary results of the first field expedition to the Cooperative 
Surface Atmosphere Exchange Studies (CASES) site at the Walnut River Watershed 
in southeastern Kansas (USA) during the period 22 April to 22 May 1997 
(CASES-97). The objectives of the expedition were: 1) to observe the effect of soil 
moisture on the diurnal behavior of the atmospheric boundary layer, 2) test the effect 
of patchy soil moisture on the exchange coefficients in bulk transfer formulae, and 3) 
to insure that the wind-RASS profiler network forming the backbone of CASES was 
of sufficient accuracy to evaluate the rate of change and advection terms of the 
budgets of virtual temperature and momentum. CASES-97 deployed 3 temporary 
rawinsonde systems, 12 surface flux towers, 2 flux aircraft, and a special radar to the 
CASES site. We will briefly describe the experimental design and meteorological 
context of the observations. Then we will present observations and budget analyses 
which will describe the effect of soil moisture on the growth of the boundary layer. 
We will compare two fair-weather cases: 1) one that followed a modest rain event two 
days earlier and thus was in a period of dry down and 2) one that followed a strong 
rain event the previous day arid thus represented saturated conditions. 

A NUMERICAL CASE STUDY ON THE SENSITIVITY OF THE WATER AND 
ENERGY FLUXES TO THE HETEROGENEITY OF THE DISTRIBUTION OF 
LAND USE 

Kalia Friedrich. Nicole Mölders 
LIM - Institut für Meteorologie, Universität Leipzig, Stephanstraße 3, D-04103 
Leipzig. Germany, kfriedrh@curie.meteo.uni-leipzig.de 

Numerical experiments assuming land use distributions of different heterogeneity of 
wet and dry surfaces were performed for a cloudy day in springtime with calm wind 
to examine their influence on the domain averaged fluxes as well as on the 
distribution of the fluxes within the domain. The results substantiate that for large 
heterogeneity, i.e., small patches the distribution of the patches plays no role for the 
magnitude of the atmospheric fluxes. For larger patches, however, the domain 
averaged latent heat fluxes appreciably depend on both the heterogeneity as well as 
on the fractional coverage by the land use types. On the average, for heterogeneous 
conditions the prevailing land use type governs the fluxes. Nevertheless, no exact 
linearity between the fractional coverage of the two land use types and the resulting 
fluxes exists. Discontinuities in the fluxes, which lead to the non-linear behavior of 
the domain averaged fluxes, occur at the border between two larger areas of 
(extremely) different characteristics, namely, grass (wet, cool) and sand (dry, warm). 
Three different behaviors were found for the temporal development of the 
differences in the domain averaged fluxes which depend on both the heterogeneity 
and the pattern of the land use. 

DESERT SToRMS: A FIELD AND LABORATORY INTER-COMPARISON 
OFMETHODS UTILIZED FOR MEASUREMENT OF MERCURY FLUX FROM 
TERRESTRIAL LANDSCAPES 

Mae Sexauer Gustin Environmental and Resource Science Department MS 370 
University of Nevada Reno 89557 msg@scs.unr.edu 

From September 1-5, 1997 scientists from Sweden, Germany, Canada and the United 
States representing 10 research institutions convened in Reno, Nevada, USA to measure 
mercury flux from a naturally mercury-enriched terrestrial site. Four 
micrometeorological techniques and seven field flux chambers were used to measure in 
situ mercury flux. A laboratory gas exchange chamber was utilized to measure flux from 
soils collected from field chamber sites. Responses in micrometeorological and field 
chamber fluxes to environmental conditions were similar. However, the magnitude of 
the fluxes calculated using micrometeorological methods were up to an order of 
magnitude higher than those obtained using field chambers. Fluxes measured in the 
laboratory were slightly less than those measured in the field. Field chamber results were 
influenced by substrate and chamber characteristics, and sampling parameters. Although 
there was much more variation in fluxes measured with micrometeorological techniques 
consistent ranges for specific environmental conditions were exhibited and a diel pattern 
persisted. All sampling methods recorded a significant increase in mercury flux in 
response to a rainfall event. 

COMBINED ATMO-RADIOGEOCHEMICHAL SURVEY AND 
MONITORING OF MANIFESTATIONS OF ENDOGENOUS PROCESSES 

R.P.Gottikh. E.Laubenbakh, B.Meltchouk*, N.Ya.Shabalin, M.Ya. Borovsky** 
(»VNlIgeosystem, Moscow; Fax: +095-9583711, «Kazan' Geophysical Expedition, 
Kazan', Tatarstan). 

Considered is a combine atmo-radiogeochemical technology for studying geodynamic 
state of the Earth crust, its manifestations in the newest earth degassing processes, 
revealing and ranking deconsolidated permeable zones in their fluid conductivity and 
with due regard of their radiochemical features and HC-breathing, building model of 
the structural geodynamic frame, and prompt prediction of possible oil and gas 
accumulations. Scientific basics of this technology are the newest data about the 
ascending migration of fluids from deep lithosphere zones, their geochemical 
characterization, and role they play in the origin of geochemical and geophysical 
anomalies and formation of pools inside the fluid invasion "haloes." The technology 
assumes simultaneous acquisition of multiparameter geochemical and geophysical data 
(distribution of CH4, radon measured at the altitude of 50-75m) by means of 
atmo-geochemical airborne survey combined with the -ray spectrometry, thermal, 
electromagnetic, and magnetometric surveys.. Equipment includes optical laser 
HC-analyzers. -ray spectrometers, etc. This combination allows to study the block 
structure of a geological medium, build geological structural models, implement 
zoning of the area under study by the fluid- conductivity and examine manifestations 
of deep processes in the landscape and near-surface atmosphere. Monitoring of active 
geodynamic zones to predict their evolution and hazards is discussed. Technology 
applications to the Tatarstan and East Siberia areas are presented. 

SURFACE FLUX OBSERVATIONS USING REMOTELY PILOTED 
AIRCRAFT - INITIAL RESULTS 

S.EHobbs. DJ. Dyer 
College of Aeronautics. Cranßeld University. Cranfield, Bedford, MK43 0AL. GB 
sehobbsiJt.aanfield.ac.uk / Tel. +44 (0) 1234 750111 / Fax +44 (0) 1234 7S0083 

Experiments performed within the EU-funded ReSeDA project near Avignon, 
France, in June 1997 involved detailed measurements of atmospheric temperature 
and humidity over agricultural fields using a small remotely-piloted aircraft The 
objective of the aircraft experiments was to observe directly fluxes of heat and 
moisture above the different surface types and their blending in the atmosphere. 

The aircraft, instrumentation and operations are described, followed by a discussion 
of the experiments and the data preparation and analysis. The work highlights 
several practical issues (operations and instrumentation) relevant to the nse of 
unmanned aircraft in such experiments 

Preliminary results from the experiments are described. Near the surface (< 3 m). 
contrasting atmospheric conditions (especially humidity) over different surfaces are 
observed, and as expected the contrast diminishes with height. It is not clear to 
what degree the observations can be used quantitatively rather than merely 
qualitatively The experience and data from these experiments help clarify the role 
and potential of such aircraft for studies of land surface / atmosphere processes. 
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THE FETCH REQUIREMENTS FOR PROFILE AND 
BOWEN-RATIO MEASUREMENTS OF SCALAR 
FLUXES 

Thomas W. Horst 
National Center for Atmospheric Research 
P.O.Box 3000, Boulder, CO 80307, USA; horst@ucar.edu 

The upwind extent of uniform fetch required for accurate 
measurement of scalar fluxes is determined for the flux-profile 
and Bowen-ratio measurement techniques. The fetch required for 
flux-profile measurements is similar to that for eddy-correlation 
flux measurements which are made at a height equal to the 
average of the upper and lower profile measurement heights. 
An identical requirement is found for the Bowen-ratio/surface- 
energy-budget technique only in the very limited case of a 
horizontally-homogeneous turbulent flow field and a spatially- 
uniform flux of available energy. When the flux of available 
energy is non-homogeneous, the fetch requirements are, in many 
circumstances, reduced (increased) for a surface flux that has a 
spatial distribution which changes in the same (opposite) sense as 
the available energy flux. 

LAND SURFACE PARAMETERIZATION MODEL. COM- 
PARISON WITH MEASUREMENTS 

C. Infante and M.R. Soler (Dpt.   Astronomia i Meteorologia, Univer- 
sität de Barcelona, Avda. Diagonal 647, 08028 Barcelona, Spain) 
rosa@mizar.am.ub.es / Fax: 34 3 402 11 33 

A simple parameterization of land surface processes, proposed by Noil- 
han and Planton, that was a simplified version of Deardorff's model, 
is used in order to calculate turbulent surface fluxes. The model com- 
pute five prognostic variables: the surface temperature, (representative 
of both, canopy and soil surface), the deep ground temperature, the 
interception reservoir, the superficial soil moisture, and the deep soil 
moisture. The turbulent surface fluxes are calculated with the classical 
aerodynamic formulas that includes beside other parameters, this prog- 
nostic variables. An exhaustive study of the sensitivity of the surface 
fluxes to surface variables and parameters have been done. We have 
attempted to compare this computed turbulent surface fluxes, for the 
whole system ground vegetation, with several observed surface fluxes. 
The measurements were carried out over two types of soil and vegeta- 
tion corresponding to dry and irrigated agricultural areas, since we have 
one year of continuous measurements. The comparison give quite agree- 
ment between computed and observed turbulent fluxes. 

PARAMETRIZATION OF LOCAL ADVECTION INFLUENCE 
ON WATER TRANSPORT 

T. Hurtalova, Geophysical Institute SAS, Dubravskä cesta 9, 
842 28 Bratislava, Slovak Republic 
geoftahu@savba.sk / Fax: +421 7 375 278 

The concepts reviewed up to this point are to quantify the influence of local 
advection of dry air on moisture characteristics and on evapotranspiration in 
atmosphere surface layer. It is assumed the evapotranspiration from a uni- 
formly-moist surface of limited size, such as an irrigated field, which tem- 
perature and roughness are uniform and the same as the surrounding pre- 
sumably drier land surface. The changes in surface conditions are frequent 
and it gives rise to inhomogeneity, which influences on the conditions in the 
atmosphere surface layer. There were modelling the influence of the advec- 
tion effects near changes in surface conditions on the evapotranspiration from 
canopy surfaces of the different roughness length z0 at the weak, gentle, 
and strong flow of the air. There was modelling also the horizontal and 
vertical variability of the normalized specific humidity by local advection. 
It was manifested that the folloved evapotranspiration values decrease by the 
local advection of the dry air and this decrease is very expressive above 
rougher surface and at the strong flow. 

Evaluation of the time-step effect on model results by using the modified 
Shuttleworth-Wallace evaporation model 

Zinaida Iritzl and Anders Lindroth I 
IDepartment for Forest Production, University of Agricultural Sciences, Uppsala 
Sweden 
Zinaida.iritz.@spek.slu.s 

SVAT models represent small-scale processes and thus, they are local models. 
Integration of biosphere-atmosphere exchange, vegetation dynamics and hydrologicai 
processes in space and time is at present one of the most actual research tasks. When 
moving toward larger scales, one of the methods to study the problems of scale is to 
conduct numerical experimentation studies, i.e. to compare the simulations done with 
detailed models to simulations with simple parameterisations. In this way one can 
identify the effect of simplifying and averaging, in time and space, of the processes. 
The modified two-layer Shuttleworth-Wallace evaporation model was tested on 
several types of vegetation and it showed a good performance in modelling energy 
fluxes and soil moisture. Therefore the model was used as a tool to investigate if the 
daily time step of model, using daily values of meteorological variables, could 
reproduce the summed hourly measured fluxes. The model was validated against e! 
nergy fluxes and soil moisture of two boreal forests, i Norunda (Centra! Sweden) and 
i Flakaliden (Northen Sweden), both within the EUROFLUX project. 

SURFACE HEATFLUX EXTRAPOLATED FROM SODAR-DERIVED 
HEATFLUX PROFILES 

S. v. Hünerbein(l). M. Gassner(2), and H. Richner( I) 
(1) Institute for Atmospheric Science, ETH Hönggerberg. CH-8093 Z'rich. 
richner@atmos.umnw.ethz.ch. (2) Swiss Federal Institute for Snow and 
Avalanche Research. CH-7260 Davos Dorf, gassner@slf.ch 

Surface heatflux is an important input parameter to local diffusion models. Estimation 
of sensible heatflux profiles is possible, provided similarity theory under convective 
conditions is valid. Using this assumption. Weill et al. (1980) developed a method to 
estimate sensible heatfluxes from vertical velocity variance. This method was tested 
using Sodar measurements performed during the POLLUMET (POLLUtion and 
METeorology) field campaign at the Bernese Seeland, Switzerland. Additionally, the 
heatflux profiles were compared to aircraft data. Surface heatflux values were deduced 
by extrapolating the linear profiles and surface measurements obtained from sonic 
systems. The Sodar results compared favourably with data of the other instruments. 
The examples seem to indicate that the method is surprisingly well suited to determine 
surface heatflux and heatflux profiles even when the assumption of homogeneity is 
violated. 

Large Eddy Simulation in Neutral Stratification over 
Inhomogeneous Vegetation Canopy 

■S.A. Issler-. M.W. Rotach", H.P. Schmid" 
* Swiss Federal Institute of Technology. Zurich. Switzerland 
issler4geo.umnw.ethz.ch. rotach 4geo.umnw.ethz.ch 
** Indiana I'niversity. Bloomington, USA. hschmidaincliana.edu 

For simulation studies over inhomogeneous surfaces, a model should first 
be tested over homogeneous surfaces. As a result of such an exercise, 
it is shown that for a simple Smagorinsky model, "logarithmic" velocity 
profiles, which are consistent in slope with thr prediction from Rossby 
number similarity, can be produced, given the model parameters are 
carefully selected. This sensitivity to the subgrid model is further shown 
to be a consequence of the relation between dominant spatial scales of 
a neutral flow and the filler length invoked in a LES. 

The influence of different model setups, as discussed for the neutral 
flow, is then investigated for an inhomogeneous surface with varying 
canopy characteristics. It is found that in particular quantities such as 
the effective roughness length or scalar fluxes, are markedly affected. 
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Influence of roughness change on the profiles of mean wind and momentum flux 
observed in the neutral surface layer. 

O. O. Jegede and Th. Foken 
Lindenberg Meteorological Observatory, now at Department of Micrometeorology, 
University of Bayreuth, 
Bayreuth, thomas.foken@uni-bayreuth.de 

Two different surface-flow modifications as induced by a roughness change: (a) from 
bare soil to tall grass (smooth - rough) and (b) from wheat to short grass (rough - 
smooth), in neutral conditions, observed from within the same period of two 
consecutive years (1996 and 1997) at an experimental site near Lindenberg, Germany, 
during the phases of LINEX field campaigns is reported in this work. The mean and 
eddy correlation instrumentation used for these observations, were positioned at the 
middle of the eastern flank for the 'figure 7' shaped measurement field and thus 
presenting fetches ranging between 140 m and 250 m, which is also dependent upon 
the direction of prevailing westerly winds. The mean wind profiles which were 
obtained from, a 10 m mast indicated the prominence of internal boundary layers 
(IBL) caused by the step change of the surface roughness andean be represented by an 
empirical relationship of the form: do = a.xb, where dö is the IBL depth, x is 

the fetch, and a, b are constants. The ratio of friction velocities below and above the 
IBL, u*2/u*l, as determined from a two-level (2 m and 5 m) eddy correlation 
measurements, indicated that between the two levels there was a significant difference 
of about 15% for the momentum flux. Also from the LINEX data, we have shown that 
a quantitative relationship, of a fairly exponential behaviour exists between this ratio 
anii the dimensionless fetch, x/zo. 

VARIATION OF THE SURFACE TEMPERATURE AND THE CLOSURE 
OF THE ENERGY BALANCE OF THE SURFACE LAYER 

V. P. Kukharets (1), L. R. Tsvang (1). S. H. Richter (2). U. Weisensee (21, Th. 
Foken (3) 
(1) Institute of Atmospheric Physics, Moscow, (2) Lindenberg Meteorological^ 
Observatory of the German Weather Service, Lindenberg, (3) University of 
Bayreuth, Dept. of Micrometeorology, Bayreuth, thomas.foken2uni-bayreuth.de 

The data from the field experiments: Carpenter-90 and LIXEX-97'1, have been 
analysed to investigate for the energy exchanges between the atmospheric surface 
layer and the underlying surface. In the dataset, all.the components of the energy- 
balance equation - both the shortwave and longwave radiation, the turbulent fluxes 
of sensible and latent heat at 2 m height, the heat flux into the soil, the surface 
temperature, and the profiles of the soil temperature (LINEX-97 1) were measured. 
These measurements which were continuously made over several days indicated that 
the exchange of energy between the atmosphere and the surface mostly is a non 
steady state process. The surface temperature measured by use of an IR-thermometer 
and the soil temperature profiles as well as the soil heat flux averaged over periods 
of 5 minutes were analysed. The soil heat storage is sometimes observed to reach 
about 30 °o of the magnitude of the net radiation. It can be shown that the non- 
closure of the surface energy' balance obtained which is about 15 to 20 °o can be 
reduced to a value lower than 5% at an ideal measuring site These results suggest 
that the non steady state part of the energy balance equation is important and 
introduces a significant error in indirect methods for the determination of the 
turbulent fluxes such as the Bowen-ratio method. 

ON SCALAR SURFACE FLUX AGGREGATION IN 
HETEROGENEOUS LANDSCAPES 

N. 0. Jensen and C.B, Hasager 
Wind Energy and Atmospheric Physics Dept., RISOe, Roskilde 
charlotte.hasager@risoe.dk/Fax: +45 46775970 

Due to the variations in land-use, and the resulting patchiness, surface 
fluxes need to be aggregated before they can be used in larger scale 
models. Because of the nonlinear nature of the relevant physics it is not 
correct to do this by any type of a simple averaging procedure, especially 
not for the surface roughnesses and the resulting friction velocity u.. The 
problem is yvell-known. The more frequent the surface change the worse 
the problem. The air has no possibility of "forgetting the past'" and 
adjust to local conditions. The patch scale would need to be as large as 
many tens of kilometres to allow for a simple fractional average of the 
equilibrium fluxes pertaining to each surface type. The paper describes 
an objective and fast aggregation method for scalar surface fluxes. The 
method is based on the model for momentum-flux aggregation described 
in Hasager (1997, Risoe-Report-922). The model is useful in real terrain 
with variations in aerodynamic roughness, surface temperature and/or 
surface humidity. 

UNEQUAL EDDY DIFFUSIVITIES OF HEAT AND WATER 
VAPOUR AT THE BASE OF AN ADVECTIVE INVERSION 

Johannes Laubach' and Keith G. McNaughton' 
'Hort Research, P. O. Box 23, Kerikeri 0470, New Zealand 
E-mail: j.laubach@hort.cri.nz 

Many approaches to model surface fluxes of scalars, and some 
measurement techniques too, assume their eddy diffusivities to be 
equal. Occasionally however, unequal diffusivities of heat (KT) and 
water vapour (K,) have been found. Especially in the extreme case of 
an advective inversion ("oasis"), results have been contradictory. To 
understand this, we suggest a mechanism that relies on slow variations 
of the mean windspeed u. Periods of high u are associated with a high 
saturation deficit at crop height, thus driving strong evaporation, while 
calmer periods produce lower deficits and thus lower evaporation. This 
wind-deficit-correlation adds a non-linearity to the diffusivity ratio, 
Kj/K,, with the effect that its temporal averages can deviate from one 
although the momentary, values do not. 
We tested our suggestion over a rice paddy adjoining to dry land. Well 
behind the dry-to-wet transition (fetch-height-ratio > 100:1), fluxes 
and gradients of heat and water vapour were measured simultaneously. 
Winds were often light and variable due to PBL-scale convection over 
the dry upwind plane. In these conditions KT/K, was typically 
somewhat greater than one, in agreement with our predictions. 

VERTICAL EVOLUTION OF TURBULENT CLOUDWATER 
FLUXES ABOVE FOREST 

A. S. Kowalski and R. J. Vong 
Oregon State University, Corvallis, OR 97330, USA. 
andyk«uia.ac.be/Fax: [32] 3 820 22 71 

Eddy correlation measurements of cloudwater fluxes were made concurrently 
at two heights over a forest canopy near the Pacific coast of North America. 
Surface-normal cloudwater fluxes at 10 and 15 m above the ground consis- 
tently were seen to diverge, often with a change in the sign of the flux between 
the two measurement heights. This flux divergence is significant relative to 
measurement errors determined from instrument intercomparison. The flux di- 
vergence is shown to be due to the influence of an atmospheric source term 
for this non-conservative scalar: condensation in the mean updrafts that drive 
orographic cloud. Accounting for the change in flux with height is shown to 
be important for estimation of canopy uptake of cloudwater and chemicals via 
occult (droplet) deposition. This study shows the utility of surface-layer bud- 
get equations for describing differences between true surface fluxes and those 
measured in the atmosphere. 

REGIONAL-SCALE COJ FLUXES OVER CENTRAL SWEDEN BY A 
BOUNDARY LAYER BUDGET METHOD 

P.E. Levy(l). A. Grelleß), A. Lindroth(2), M. Molder(3), P.G. Jarvis(l), B.Kruijt(l) 
and J.B. MoncrirfT(l) 
1 - Institute of Ecology and Resource Management, University of Edinburgh, 
Edinburgh, UK 
2 - Dept. of Production Ecology, Swedish Agricultural University, Ultuna, Uppsala, 
Sweden 
3 - Dept. of Hydrology, University of Uppsala, Uppsala, Sweden 
P.Levy@ed.ac.uk 

Measurements of C02 flux and concentration were made on a 100 m tower in an area 
of mixed pine and spruce forest near Uppsala in central Sweden. Free-flight 
radiosondes were used to measure the height of the convective boundary layer (CBL) 
over four days. The mass balance equations developed by Raupach et al. (1992) were 
applied to calculate fluxes of C02. The method exploits temporal variations in C02 
concentration in the CBL which is well mixed and treats the CBL as a large chamber 
within which conservation of mass applies. The method yields cumulative surface 
fluxes over the trajectory of an air column crossing the landscape, with source areas of 
the order of 10 to 100 km2, depending on the time interval used. These flux estimates 
were compared with the ecosystem-scale fluxes measured by eddy covariance at the 
same site. Reasonable agreement was found, given the differences in source area. The 
greatest difficulty with the method is in the estimation of C02 concentration above the 
CBL. Further tests of the method are needed, preferably against aircraft flux 
measurements. The method is valuable as an independent measure of regional-scale 
surface fluxes, and provides a check on the representativeness of eddy covariance 
measurements as a sample of the wider region. The CBL budget method is potentially 
valuable in scaling up work as it would allow us to evaluate different summation 
procedures using eddy covariance measurements of fluxes in the different vegetation 
types, and evaluate averaging schemes for parameters derived from ground-based flux 
measurements, such as surface conductance and photosynthetic capacity. 
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MODELLING THE PARTITIONING OF THE EVAPORATION FROM 
A HETEROGENOUS MILLET CROP IN BURKINA FASO 

M. R. Lund (Institute of Geography, University of Copenhagen, 
Oestervoldgade 10,1350 Cph K, Denmark) 

Facing the problems of using evaporation models developed for 
homogenously vegetated surfaces in sparsely vegetated ones, modelling 
of evaporation from the latter environment has received more attention 
over the last decade. 

During the growth seasons 1996 and 1997 evaporation measurements in 
a sparsely covered millet field in northern Burkina Faso were conducted 
using the eddy correlation technic and sap flow measurements as 
references for modelling the partitioning of evaporation between plants 
and bare soil. Additional measurements of standard climatologica! 
parameters were collected as well as measurements in the vegetation 
stand such as LAI and stomatal conductance. Measured and modelled 
results from selected days which indicate the large variation between 
plant- and bare soil contributions are presented and the ability of the 
models to describe the total evaporation in this two component system is 
evaluated. 

TRACER EXPERIMENT OVER A TALL CANOPY 

Meskhidze, N., M.Y. Leclerc and H.-B. Su 

Most often, sites vary spatially in their physical, chemical or physiological source 
characteristics, making the interpretation of eddy-correlation fluxes and/or scalar 
concen- tration measurements spatially variable even for the same site, depending on 
the time of day, the seasonal climatology, and the atmospheric stability. Lagrangian 
models are intrinsically more versatile than analytical solutions but must be tested over 
tall rough vegetation canopies before being used with confidence. A tracer experiment 
was performed over a peach orchard to validate a Lagrangian model of'footprints', i.e. 
to validate predictions of the weighted spatial extent of upwind contribution from 
upwind sources to a point flux measurement. Results are discussed. 

MOMENTUM FLUXES DUE TO SUB-GRID SCALE OROGRAPHIC 
EFFECTS 

Rita Margarida A. P. Cardoso (1), Pedro M. A. Miranda (1) 
(1) Centra de GeofYsica, University of Lisbon 
reardoso@fc.ul.pt, pmiranda@fc.ul.pt 

The horizontal length scale of non-ideal mesoscale terrain features, impedes its 
realistic representation in numerical weather prediction models. The generation of 
gravity waves with wavelengths that allow for the vertical transport of energy and 
momentum are one of the possible effects of sub-grid scale orography. These waves 
are responsible for dramatic changes in the flow around these mountains, and also in 
altitude. Because the importance of the representation of these effects is well 
recognised most large scale models include a parameterisation of its effects in the 
mean flow. In linear flow, the drag on the mountain due to an asymmetry of the 
pressure field around it is equal to the upward flux of momentum due to gravity 
waves. That vertical flux of horizontal momentum transports the influence of the 
surface orographic features into the atmospheric flow. The present study uses data 
from a field experiment in the Island of Madeira to evaluate the performance of simple 
parameterisation schemes that are currently used when compared with models that use 
a complete representation of the real orography. 

INFLUENCE OF VEGETATION COVER HETEROGENEITY ON THt 
SPECTRAL COMPOSITION OF UP- AND DOWNWARD DIRECTED 
RADIATIVE FLUXES. 

0: Panfyorov, M. Kroeger,K.-G. Schnitzler and G. Gravenhorst (Institute of 
Bioclimatology, Georg-August University, BAnsgenweg 2, 37077 Göttingen, 
Germany). 

The spectral composition of up- and downward directed solar radiation fluxes in 
Vegetation Canopy is of great interest for photosynthetical, airchemical etc. studies 
and for the Remote Sensing. The features of incoming and transformed by vegatation 
fluxes are determined by three main parameter groups: (i) illumination conditions i.e 
Solar elevation angle, atmospheric turbidity, cloudiness; (ii) optical properties of 
phytoelements and soils and (iii) structure of vegetation canopy. To evaluate the 
influence of latter two parameters we used the three-dimensional radiative transfer 
model, developed in Institute of Bioclimatology, Uni Goettingen. The results of 
sumilations werecompared with measurements of spectral compositition of solar 
radiation transmitted by a spruce forest canopy. 

VERTICAL FLUXES BALANCE IN COASTAL SITES 

Paolo Mariano" and Mario Matino2' 
1) CNR-ISIATA, Via Monteroni, 73100 Lecce, Italy 

fax (832)-320716, e-mail: p.martano@isiata.le.cnr.it 
2) Universita di Lecce, Dip. di fisica, via Arnesano, 73100lecce, Italy. 

An experimental campaign has been performed, measuring the vertical 
turbulent surface fluxes of   heat and water vapour, by the eddy 
correlation method, joint with the net radiation, in three sites al different 
distances from the coastline (0.5, 5 and 15 km) in the south-east of 
Italy. 
The aim was to detect the effect of the coastal discontinuity over the 
vertical fluxes balance when turbulent fluxes are measured at 10 m. 
height, in terms of correlation between turbulent fluxes and net 
radiation. 
A statistical analysis' performed over the obtained fluxes showed that a 
fairly good correlation holds in two of the sites (5 and 15 km), but it 
becomes  very poor in the third site, probably due to the horizontal 
advection of heat between the soil and 10 metres height 
The results have been compared with a well-known model of surface 
flux balance. 

MODEL OF THE ENERGY-MASS EXCHANGE IN A COASTAL ZONE. 

GN.Panin (1). A.E.Nasonov (1). Th. Foken (2) 
(1) Moscow. Institute of Water Problems. RAS. 
(2) Universite Bayreuth. Germany 
paninfä iwapr.msk.su 

Model of the water body - atmosphere exchange is presented. The model allows to 
calculate the values of the energy-mass exchange in near-the-water atmosphere layer 
and corresponding interaction characteristics on base of the standard 
hydrometeorological c aracteristics of the air and water. Data have been obtained from 
deep water basins, as well as from shallow, at an open sea, as well as in its coastal 
zone. 
Over a shallow sea and coastal zone the increase of wave steepness leads to an 
increase of waves breakness. Waves breaking increases the intensity of the turbulence 
exchange processes near the interface. 
There has been developed a balance model for calculation of the energy-mass 
exchange in a coastal zone based on the own experimental data of the basin depth 
influence on the water-atmosphere interaction intensity. 
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TURBULENT SIMULATION OF THE AIR FLUX ABOVE 
INHOMOGENEOUS SURFACES. 

G.N. Panin (1). G. Tetzlaff(2), A. Raabe(2) 
(1) Moscow. Institute of Water Problems. RAS. 
(2) Leipzig Institute of Meteorology. Germany 
paninfa iwapr.msk.su 

Earlier we (EGS 21. 22) have determined causes of the energy imbalance in the 
atmosphere boundary layer above inhomogeneous surface. These understandings are 
bein° developed here and new relationships for determination of turbulent fluxes, 
roughness length, bulk transfer coefficients, etc. are propozed. These relationships 
allow of all turbulence characteristics. 

SCIDAR/DOAS MEASUREMENTS DURING THE VOTALP 
VALLEY EXPERIMENT 

L. Poggio. M. Furaer, W.K. Graber and A. Prevöt (PSI) 
Paul Scherrer Institute, CH-5232 Villigen-PSI, Switzerland 
lionel.poggio@psi.ch 

Two optical instruments were developed at the Paul Scherrer Institute. 
The Scidar (Scintillation detection and ranging) is a scintillometer 
used to measure crosswind speed and turbulence. The DOAS 
(Differential Optical Absorption Spectrometer) measures 
concentration of different trace gases. A combination of Scidar and 
DOAS was used in the valley experiment of the EU-project VOTALP 
(Vertical Ozone Transport in the Alps). Four pairs of instruments were 
set up across the Mesolcina valley (Switzerland) at two different 
locations and at different heights. One pair of instruments was placed 
along the valley sidewall to measure inside the slope wind zone. 
Measurements were made in August 1996 over 3 days during a fair 
weather episode. The accuracy and reliability of the scintillometer was 
verified and improved by comparison with aircraft and ground station 
measurement. The wind data was used together with DOAS 
measurement to determine fluxes of different atmospheric gases along 
the valley. 

ATMOSPHERIC RADIATION PARAMETER1ZAT10NS 

G. Papaioannou (1). P. Giannopoulos (1), D. Retalis (2) and D.Asimokopoulos(1.2) 
(1) Lab.of Meteorology, Depart, of Physics. Univ. of Athens (2) Inst. of Meteorol. 
and Physics of the Atmospheric Environment, Nat. Observ. of Athens. 
gpapaioa@atlas.uoa.gr. Fax: 3 01 729 5281 

Underestimation of turbulent fluxes and the degree of lnhomogcncity of the 
land surface around the experimental site 

A. Raabc». G. Tetelaff*. G.N.Panin** 
•Institute of Meteorology. University Leipzig. Stcphanstr. 3. D-04103 Leipzig. 
Germany 
** Institut of Water Problems. Russian Academy of Science. Moscow 

In this study hourly measurements of downward flux density of long-wave 
atmospheric radiation and total solar radiation were used together with 
simultaneously recorded hourly values of air temperature and relative humidity 
and observations of cloudiness made during each day, in order to evaluate the most 
accurate simple predictive models for describing infrared sky flux density under 
both clear and cloudv sky conditions.. The data were collected in the National 
Observatory of Athens from 1 January 1991 to 31 October 1991 The results show 
that a simple linear three-variable model predicting sky temperature from air 
temperature, vapour pressure and clearness index gives the best results (R=0.969). 
When two variables are considered, sky temperature seems to be very well 
estimated by vapour pressure and clearness index (R=0.962). The results are 
sligthly worse when measured infrared sky flux density in Athens is obtained from 
estimates of infrared sky radiation under clear skies and conventional cloudiness 
measurements (R=0.934). 

Methods to determine turbulent fluxes of heat, moisture and momentum in the 
near-thc-surfacc atmospheric layer by the eddy correlation technique, rely on the 
Monin-Obukliov similarity theory, which requires slationarity and horizontal ho- 
mogeneity. Experiments at specially selected sites over land and particularly over 
sea allowed to develop this concept. 
Recent experiments, purposely conducted in non-ideal conditions showed an under- 
estimation of the fluxes Results from the field experiments FIFE. KUREX. 
TARTEX. SADE and L1NEX. point to a relation between the underestimation of 
the turbulent fluxes and the terrain inhomogenem. 
To systematise the correction for this effect a scheme is suggested which uses fetch 
lengths of different surfaces in the environment of the site. 
This scheme might be useful for the design of validation experiments in non- 
homogeneous terrain 

EFFECTS OF SOIL MOISTURE DYNAMICS ON TRANSPIRATION IN A 
MIXED CONIFEROUS FOREST IN CENTRAL SWEDEN 

Manias Phersson ', Anders Lindroth' 
1.  Dept. for forest production.Univ. of Agr. Sc, Uppsala, Sweden 
Mattias.Phersson@pek.slu.se 

The diurnal and spatial variation of water uptake in tree stems due to soil moisture 
and soil temperature was studied in six different forest stands in the Norunda forest 
(central Sweden). The Norunda forest differ in tree density, tree age, species 
composition, soil characteristics etc. and the selected six stands represents some 
typical as well as some extreme characteristics of the whole forest. 
In order to study the water uptake, measurements of transpiration, soil temperature 
and soil moisture was started during the summer of 1997. Eddy tlux measurements 
of total evapotranspiration has been carried out since 1993. 
Transpiration was estimated from direct measurement of sap flow using the Granier 
radial flowmeter technique in 12 trees in each of the six stands. Soilwater content in 
the uppermost 20 and 50 cm of the soil where measured with TDR-probes. Soil 
temperature where measured on 5 and 20 cm depth. Eddy flux measurement where 
made a 100 m tower using sonic anemometers and infrared gasanalysers. The area 
covered by the tower measurements is a circle with a radius of 1km from the tower 
so that all of the six stands is covered by the tower measurements. 

SCALING UP OF MEASURED FLUXES FROM A VEGETATION STAND 
TO THE ECOSYSTEM SCALE: A FOOTPRINT BASED METHODOLOGY 

H.P. Schmid 
Indiana University, Bloomington, IN, USA 
hschmid@indiana.edu / Fax: +1 -812-855-1661 

Flux measurements from meteorological towers over natural vegetation are fraught 
with many problems associated with the heterogeneity of the surface. This work 
addresses the difficulty to obtain flux values that are spatially representative at an 
ecosystem scale, based on measurements over a natural vegetation canopy, such as 
forest or open savannah. Such vegetation canopies commonly exhibit considerable 
variability at the stand scale (i.e. patches or groups of trees), that may be several 
orders of magnitude smaller than the ecosystem scale (the scale of the forest). The 
difficulty arises from the fact that the flux source area is often comparable in size to 
the stand scale rather than the ecosystem scale, at which the measurement is aimed. 
Generic statistical estimates of area-to-area representativeness of flux measurements 
rely on previous knowledge of the flux variability and its statistics. However, this 
information is not commonly available. The alternative methodology developed here 
is based on the possibility of obtaining high spatial resolution data of one or more 
variables, with coverage over the entire ecosystem, that can serve as surrogates for 
the flux source strength distribution (e.g. remotely sensed values of NDVI or 
similar). A footprint model is used to evaluate the weighted average flux surrogate 
contained in the flux source area. This source area flux surrogate is then compared to 
the true ecosystem flux surrogate, to obtain a quantitative estimate of the spatial 
representativeness of the flux source area. With the thesis of a covariation between 
the representativeness of the surrogate and of the measured flux, a scaled up flux 
value that is representative for the ecosystem can be evaluated. This method is 
demonstrated and tested on measured fluxes from Sahelian savannah. First results 
indicate that this method of scaling up has potential, and should be further pursued. 
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LOW-LEVEL AIRBORNE FLUX OBSERVATIONS OVER HETEROGENEOUS 
TERRAIN IN BOREAS 

P.H. SchuBDP (1), S.O. Ogunjemiyo (1), S. Kaharabata (1J, R.L. Desjardins (2) 
and J.I. MacPherson (3) 
(1) Dept. of Nat. Resource Sciences, McGill University, Montreal, (2) ECOR- 
Centre, Agriculture Canada, (3) Institute for Aerospace Research, NRC, Ottawa. 
pschuepp©nrs.mcglll.ca/Fax:+514-398-7990. 

Eddy-correlation based flux estimates of sensible heat, latent heat and carbon 
dioxide were obtained by the Canadian Twin Otter research aircraft in 'grid 
flights' at 30 m over two spatially heterogeneous 16 km x 16 km test sites in 
North-Central Canada, during BOREAS (boreal ecosystem-atmosphere study) 
1994 and 1996. Each of the 31 flights consisted of nine parallel lines, 2 km 
apart, flown twice In time-centered mode and opposite direction. Flux estimates 
obtained over overlapping 2 km Vindows" were used to map spatial distributions 
of fluxes. Composites of several of these maps, obtained under similar flight and 
surface conditions, represent patterns of surface source and sink distributions 
that are linked to remote sensing observations of the surface and serve as test 
patterns for high resolution local climate models. Our analysis discusses the 
reliability of such composite maps In the light of variability in boundary-layer 
structure and radiation density. It also addresses the potential effects of internal 
boundary layer structures associated with changes in surface roughness and 
temperature on the footprint of airborne observations, and their implications on 
links between flux observations and remote sensing observations of the surface. 

INFLUENCE OF NON-HOMOGENEITY OF UNDERLYING SURFACE ON 
THE STRUCTURE OF TURBULENCE IN THE ATMOSPHERIC 
BOUNDARY LAYER 

M. A. STRUNIN, TH. FOKEN 

The present investigation is made based on aircraft measurement of turbulence in 
the atmospheric boundary layer in the region of Tomsk in the Siberia from the 
Russian-Japanese co-operative airborne missions of July 1995. The nature of the 
surface is well-known and described, and there are large areas of it with 
homogeneous surface characteristics. The turbulence data which were obtained from 
the lags of the flight patterns at different heights, from 50 to 700 m, were tested 
using a procedure given by Strunin and Foken (1997). to determine the influence of 
the underlying surface. The data set was analysed based on the assumptions for 
turbulence and convection in the boundary layer by Leclarc (1996) and Andreas and 
Cash (1997), and the blending height concept by Wieringa (1986). From observed 
structures of the turbulent fluxes, the influence of the blending height on the scaling 
parameters was not found. The critical horizontal scale as given by Leclarc was also 
analysed in the data. A direct influence of internal boundary layers on the structure 
of turbulence could not be found in this case because the lowest flight height was 
about 50 m. However, due to existence of internal boundary layers, it could be 
observed that convection did not occur directly above the immediate surface, but on 
the lee-ward side of the changing surface characteristics. For further investigations 
of the development of convection and mixing in the atmospheric boundary layer, 
measurements of fluxes in the upper levels of internal boundary layers (5 - 20 m) 
are very important. 

THE GROWTH OF THE INTERNAL BOUNDARY LAYER IN 
DIFFERENT STABILITY CONDITIONS 

S. Di Sabatino (lj, F. Tampieri (2) and F. Trombetti (3) 
(1) ISIAtA-CNR, Lecce, Italy, (2) IMGA-CNR, Bologna, Italy, (3) FISBAT- 
CNR, Bologna, Italy. 

The vertical structure of the atmospheric boundary layer under stable con- 
ditions is particularly sensitive to surface disomogeneities such as roughness 
changes, slope variations and thermal discontinuities. In this work we address 
the problem of modelling the internal boundary layer (IBL) growth with special 
emphasis to stability changes. A linearised spectral model derived from Walm- 
sley et al. (1986) and semi-empirical, local equilibrium models, in the line of 
Panofsky and Dutton (1984) and van Wick et al. (1990), are critically revisited. 
The local equilibrium approach is thus extended in order to investigate the ef- 
fects of stability on the shape of mean wind profiles, the development of the IBL 
height and to study the relation between upstream and downstream stability in 
the transition from sea to land and vice-versa. The results are finally applied in 
order to interpret measurements made, during stable atmospheric conditions, 
in complex terrain, in a typical coastal area of the South of Finland. The re- 
sulting model, however, could also be used to predict the IBL height during 
slightly unstable stratification. 
Panofsky, and Dutton (1984). Wiley-Interscience. New-York. 397 pp. 
van Wük, Beljaars, Holtslag, and Turkenburg, (1990). Boundarv-Layer Mete- 
orol., 51, 49-75. 
Walmsley, Taylor, and Keith (1986). Boundary-Layer Meteorol., 36, 157-186. 

SPECTRAL ANALYSIS OF TOPOGRAPHIC FORCINGS IN A 
STABLE BOUNDARY LAYER 

M. Tagliazucca (1), U. Giostra (2) and D. Cava (3) 
(1) FISBAT-CNR, Bologna, Italy, (2) ISIATA-CNR, Lecce, Italy. (3) ISIATA- 
CNR Lecce, Italy. 

Turbulence measurements have been performed at 3 levels in Antarctica on the 
Nanceen Ice Sheet, a permanently frozen branch of Ross sea. The measuring 
station was in the middle of a snowy, horizontally homogeneous area of 25x50 
km2 characterised by a gently slope. This area is surrounded by varying oro- 
graphic complexities along different directions. In a stably stratified atmosphere 
these lateral boundary features, as consequence of the interaction of the flow 
with orography, trigger waves which propagate along the Nanceen Ice Sheet in 
the shallow layer capped by the temperature inversion. The spectral analysis of 
wind velocity components and temperature performed by Fast Fourier Trans- 
forms shows that orographic complexities and waves significantly perturb the 
turbulent structure of the stable boundary layer. Their effects are emphasized 
by the power increment in the mid and low frequency subranges with respect 
to reference spectra obtained over flat terrain. In the inertial subrange, all gen- 
eralised spectra display the theoretical dependence on reduced frequency as the 
scale turbulence rapidly responds to local forcing. 

VERTICAL FLUX PROFILES AND PROBLEMS OF ENERGY BALANCE 
CLOSURE WITHIN THE PLANETARY BOUNDARY LAYER DERIVED 
FROM EDDY CORRELATION MEASUREMENTS AND TETHERED 
BALLOON SOUNDINGS 

F. Siegrist 
University of Berne, Institute of Geography .Climatology and Meteorology. Hallerstr. 
12, CH-3012 Bern, Switzerland. siegrist@giub.unibe.ch, Fax: +41-31-6318511 

Near-surface eddy correlation measurements of energy and trace gas fluxes in the 
complex terrain of the Swiss Seeland region indicate a gap in the closure of the energy 
balance. It is suggested that mesoscale circulation between the Jura mountains in the 
northwest and the Prealps in the southeast leads to subsidence over the Seeland region. 
The advective fluxes driven by this mesoscale circulation are supposed to play a major 
role in regional transport processes and to fill the gap in the energy balance closure. 
The surface data are combined with profile measurements from tethered balloon 
soundings to generate integrated flux profiles for the entire planetary boundary layer. 
It is aimed to calculate the subsidence rate from vertical flux divergence. Seasonal 
differences from summer and winter intensive measuring campaigns will be discussed. 

SPATIAL AND TEMPORAL VARIABILITY OF SHORT-WAVE RADIATION- 
FLUXES IN AFFORESTED MOUNTAIN REGIONS. 

N. Vygodskaya (Sukachevs Laboratory of Institute of Evolution and Ecology 
Problems, RAS, Leninskij pr. 33,117071, Moscow, Russia) 

On the base of long-term field measurements the influence of vegetation and 
orography on the fluxes of direct solar, diffuse sky radiation and global radiation (both 
photosynthetically active and integral shortwave) was investigated for mountain 
regions located on the territory of the former USSR between 43-53 N. These regions 
are situated in various climatic zones: monsoon, mild zone and extremely continental 
zone. The results characterize the peculiarities of radiative fluxes in mountain forest 
regions for different scales of spatial averaging - from altitude belts and macro slopes 
to the first-order valley slopes and separate ecosystems under the various species 
content of forests, sun position, atmospheric turbidity and cloudness. The comparison 
of vegetation effect on radiation fluxes for mountain and plain forests under the close 
species content and gap fraction condition was made. It was shown that on the level of 
underlying surface the effect of vegetation on radiative fluxes is comparable or 
stronger than the influence of relief or cloudness conditions. The estimations of errors 
for a calculation of radiative fluxes in mountain forest regions without taking into 
account the influence of vegetation were also shown. 
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REMARKS ON THE DEFINITION OF FRICTION VELOCITY 

R. O. Weber 
Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland. 
Vertical profiles of fluxes and also of mean variables can, after reseating of the 
variables, be described by similarity laws. These relations are universal for a 
given stability class of the atmosphere. One of the main scaling parameters in 
similarity theory is friction velocity. Unfortunately, several definitions of fric- 
tion velocity exist in the literature. Several authors (like the textbook of Sutton, 
1953) use the component of the horizontal Reynolds stress vector in direction 
of the mean wind vector to define friction velocity. Others (see the textbooks of 
Stull 1988 or Sorbjan 1989) define the friction velocity by means of the absolute 
value of horizontal stress vector. The two definitions only coincide if the direc- 
tion of the mean wind vector is parallel to the horizontal Reynolds stress vector. 
In general, the second definition gives larger values for the friction velocity. In 
complex terrain the situation is complicated by the fact that the terrain follow- 
ing flow is not necessarily horizontal. Thus, several authors have proposed to 
use terrain following coordinate systems for the definition of friction velocity. 
By means of a large dataset of fast SONIC wind measurements the friction 
velocities resulting from the different definitions are compared. Furthermore, 
it is shown that friction velocity can be well estimated from horizontal wind 
speed and even better from horizontal turbulence parameters. 

AN EXPERIMENTAL METHOD FOR CHARACTERISATION OF NON- 
IDEAL MEASURING SITES 

A Ziemann, K.Amold, ARaabe (Institute for Meteorology, University Leipzig, 
Stephanstr. 3, D-04103 Leipzig, Germany) 

Acoustic travel time tomography, usually used in geophysics and oceanography, is 
proposed as a method for remote monitoring of the Atmospheric Surface Layer near 
the ground surface over homogeneous as well as over non-ideal terrain. 
Travel time measurements between sources and receivers placed around an array of 
260x200 m2 in the known test site Melpitz near Leipzig were carried out to obtain 
area averaged meteorological quantities. Because of the information content of each 
measurement about the properties of the atmosphere radiated through a tome- 
graphic algorithm can provide a distribution of meteorological parameter values, 
e.g. area averaged air temperature. 
Afterwards, horizontal gradients and a survey of the development of micro-scale 
structures in the Convective Boundary Layer luce thermal bubbles will be derived. 
The tomograms lead to statements about inhomogeneities in the underlying surface 
which may, for instance, result in Internal Boundary Layers and noticeable prob- 
lems during conventional measuring campaigns. 
A combined experiment with an acoustic tomography system and meteorological 
point measurements was carried out to determine the possibility of upscaling of ex- 
perimental data conventionally derived and their representativeness for an area in 
comparison to the tomographic solution. 

ESTIMATING TURBULENT FLUXES USING AN OPTIMAL 
AVERAGING METHOD 

T. Weidinger. I. Matyasovszky (Eötvös Lorand University, Department of 
Meteorology, Ludovika t<5r 2, H-1083 Budapest, Hungary) 

In order to calculate turbulent fluxes using eddy correlation measurements 
a first task is to determine means and thus fluctuations of meteorological 
parameters. Assumptions of stationarity (statistics do not vary in time) are 
widely used in theory of turbulence. However, stationarity should frequently 
be rejected for instance due to daily cycle of the measured components or 
changes of weather pattern. The presentation discusses an optimal averaging 
technique applicable for any "smooth" change in time as compared to 
measuring frequency. The method is called weighted local regression which 
represents the optimal linear estimator of an unknown function of time with 
respect to mean squared error. The function may be the mean or cross- 
covariance (flux) of turbulence parameters. The averaging time necessary 
to calculate fluxes may also change in time. The method will be 
demonstrated by a study on real data available over a grassland and forest. 

OA10 Fluxes over terrestrial surfaces 

Convener: Jensen, N.O. 

02 Long term measurements of surface fluxes 

Convener: Valentini, R. 

Sponsorship: IGBP-BAHC, EUROFLUX EC Project 

LONG TERM MEASUREMENT OF FLUXES IN A MIXED ARDENNES 
FOREST: 2. IMPACT OF MEASUREMENT ERRORS ON THE 
ESTIMATION OF THE CARBON SINK MAGNITUDE 
M. Aubinet").M. Vandenhaute m, B. Chennanne m, B. Longdoz "', E. Laitat® 
u> Unite de Physique, Faculty Universitaire des sciences Agronomiques de 
Gembloux, Belgium (FUSAGx),in Unite de Biologie Vegetale, FUSAGx. 

The COi fluxes measured by eddy co-variance above a mixed forest at Vielsalm 
(Belgian Ardennes) in the framework of the EUROFLUX program (see 
Vandenhaute et al., this issue) were summed in order to estimate the annual carbon ' 
sequestration by the ecosystem. 
The impact of measurement errors on the estimation of the carbon sink magnitude 
was analysed. Random, systematic and selective systematic errors were considered 
separately. The most significant error was the selective systematic error that occurs i 
at night due to the underestimation of the CQ> flux by the eddy covariance system 
under low turbulence. We estimated this error by parametrizing the response of 
night CO; flux to temperature on windy nights and replacing the fluxes measured 
on calm nights by an estimation based on this response. The choice of the selection 
criterion for windy nights and of the reference temperature at night is discussed. 
The optimal selection criterion was based on the momentum flux value (r > 0.2 kg 
•m"V:). The trunk temperature was found to be the best indicator. The results show 
that the selective systematic error may reach up to 40% of the total sequestration. 
Acknowledgement: This research is financed by the Belgian Prime Minister's 
Office - Federal Office for Scientific. Technical and Cultural Affairs and the EU. 
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MEASURED AND MODELLED C02 BALANCES IN A WETLAND 
ECOSYSTEM IN NORTHERN FINLAND 

M. Aurela. T. Laurila and J.-P. Tuovinen 
Finnish Meteorological Institute, Air Quality Research, 
Sahaajankatu 20 E, FIN-00810 Helsinki, Finland 
Mika.Aurela@fmi.fi 

The Finnish Meteorological Institute has carried out micrometeorological 
measurements in subarctic ecosystems in northern Finland as a part of LAPP (Land 
Arctic Physical Processes), a partially EU funded multinational project in the 
European Arctic. The measurements on a dark fen at Kaamanen (69°08'N 
27°17'E) were conducted from 12 April to the 23 of October 1997. The eddy 
covariance fluxes of COj, H20, sensible heat and momentum were measured using 
an ATI sonic anemometer and a LI-6262 C02/H20 analyzer. The data indicate a 
short growing season, only extending from mid-June to early September with 
highest daytime downward fluxes of C02 (-0.2 mg m'V) at the end of July. The 
maximum night-time fluxes were about 0.1 mg m'V. The corresponding daily 
CO2 balances at the end of July were -5 g m"2d' . During the period of snow cover 
and frozen soil in April, the daily balances were about 0.4 g m'2d'. After the snow 
thaw and during the autumn months, the efflux was greater, from 1 to 2 g m"2d'. A 
simple net ecosystem exchance model was adopted for C02. This was used to study 
the processes behind the C02 exchange and the daily balances. We used it also to 
patch the gaps in time series and to estimate the daily balances during the winter 
time in order to obtain the annual balance. According to preliminary results, the 
wetland ecosystem at Kaamanen is estimated to be a net source of CO; in 1997. 

INTRODUCING C02 ASSIMILATION IN ISBA FOR INTERACTIVE 
VEGETATION 

J.-C. Calvet. J. Noilhan, J.-L. Roujean 
Meteo-France, CNRM/GMME, Toulouse, calvet@meteo.fr 

The ISBA (Interactions between Soil, Biosphere, and Atmosphere) scheme 
(Noilhan & Planton 1989, Mon. Wea. Rev., 117:536-549) is modified in order to 
account for the atmospheric carbon dioxide concentration on the stomatal 
aperture. The physiological stomatal resistance scheme proposed by Jacobs et al. 
(1996, Agric. For. Meteorol., 80:111-134) is employed to describe photosynthesis 
and its coupling with stomatal resistance at leaf level (instead of the Jarvis-type 
parameterization used in the standard version). A representation of the soil water 
stress effect is obtained by multiplying the mesophyll conductance g„ of the 
Jacobs' model by the normalized soil moisture in the root-zone. The scaling up 
from the leaf to the canopy is performed by a 3-point Gauss quadrature 
integration according to the method proposed by Jacobs et al. (1996) and using 
the work of Roujean (1996, J. Geophys. Res., 101D5:9523-9532). The computed 
canopy net assimilation is used to feed a simple growth submodel, and to predict 
the density of vegetation cover: growth is described as the accumulation of net 
assimilation, and senescence as the result of a deficit of photosynthesis. The new 
scheme, called ISBA-Ags, is applied to different micrometeorological databases 
for which micrometeorological measurements were available over one annual 
cycle or more: MUREX (Bessemoulin et al. 1996). PILPS/Cabauw (Chen et al. 
1997), HAPEX-MOBILHY/Caumont (Andre et al. 1986), INRA/Avignon 
(Olioso et al. 1996), INRA/Castanet (Cabelguenne et al. 1990), and ARME 
(Shuttleworth et al. 1984). 

MASS AND ENERGY FLUXES OVER A PINE FOREST CANOPY: 
ENERGY AND WATER BALANCE CLOSURE, AND INTRA-ANNL'AL 
VARIATIONS IN WATER AND RADIATION USE EFFICIENCIES 

P. Berbigier. J. Ogee, J.M. Bonnefond, E. Lamaud, and Y. Brunet 
INRA Bioclimatologie, BP 81, 33883 Villenave d'Omon, France 
berbigie@bordeaux.inra.fr 

Continuous measurements of momentum and scalar (sensible heat, water vapour 
and carbon dioxide) fluxes have been performed for about 18 months over a pine 
forest canopy in the South-West of France, within the Euroflux programme. In a 
first step the energy balance closure is investigated. Special attention has been 
given to heat storage in various compartments (soil, litter, biomass and canopy air), 
evaluated using more than 60 temperature sensors. The results at hourly and daily 
scale show a reasonably good closure (most often of the order of 90-95 %). At the 
yearly scale the cumulated daily fluxes show less good an agreement, which can be 
attributed to an overestimation of nightime net radiation due to condensation on the 
sensor. Since September 1997 soil water profiles have been continuously recorded. 
The variations in soil water content agree remarkably well with the balance 
between precipitation and evaporation. Fluxes of carbon dioxide allow the water 
and radiation use efficiencies to be evaluated over the whole data set. The intra- 
annual variations in WUE are shown to be closely related with the air saturation 
deficit and the intensity of water stress. The relative amount of diffuse radiation 
turns out to strongly affect the variations in RUE. 

COMPONENTS OF FOREST EVAPOTRANSPIRATION DETERMINED 
BY MICROMETEOROLOGICAL AND PLANT PHYSIOLOGICAL 
METHODS 

•C. Friihauf. Ch. Bernhofer (1). M. Vogel (2) and M. Rothe (3) 
(1) Institute of Hydrology and Meteorology. IHM Meteorology. University of 
Technics Dresden, Pienner Str 9, D-01737 Tharandt. Germany. (2) Institute of 
Wood Growth and Forest Information Science, (3) Insitutc of Forest Botany and 
Forest Zoology 

Forest evapotranspiration over a forest spruce stand is continuously determined 14 
meters above the canopy by the eddy covariance energy balance method on a 
micromet tower. From May to June 1997 additional eddy covariance measurements 
of latent heat in the trunk space of the trees were made. Evaporation from soil and 
transpiration from undcrstorey is so independently determined. With these two 
evapotranspiration measurement levels, over and below the crown, for dry canopy 
transpiration and for wet canopy the sum of transpiration and interception can be 
calculated. 
Xylem sap flow and stem circumference measurements were made on different 
trees in the vicinity of the measuring tower. This allows the determination of tree 
transpiration if active sap wood area is known from additional morphological 
measurements. Stem circumference measurements show reversible changes. These 
changes occur, when water transport from the soil in the stem is smaller than water 
loss through stomata during daytime. During nighttime storage in the stem is 
refilled from soil water. A correlation between transpiration and changing stem 
volume is possible. This intermediate storage might explain differences often 
observed between top-down and botton-up methods for forest transpiration. 

CONTROLS ON EVAPORATION IN A BOREAL SPRICE FOREST 

Alan K. Betts( 1). Mike Goulden (2). Steve Wofsy (3) 
(1)RR«. Box 3125. Pittsford. VT 05763. (2) University of California. Irvine. CA 
92717. (3) Harvard University. Cambridge, MA 02138. 

The surface energy balance over a boreal spruce forest is analyzed using three years 
of 30-min averaged data, collected during the 1994-1996 BOREAS experiment, 40 km 
west of Thompson. Manitoba. The residual in the energy balance falls with increasing 
wind-speed, which may be due to small (10-15%) underestimation of the sensible and 
latent heat fluxes at low wind-speeds. During spring melt, however, this residual has 
a high daytime value of 30% of net radiation. Using a Monin-Obukhov formulation 
and a bulk vegetation model, we calculate vegetative resistance for the boreal spruce 
forest system. This bulk vegetative resistance decreases with increasing photosynthetic 
radiation, decreases sharply with relative humidity, and decreases with increasing 
moss water storage. The temperature dependence shows a broad minimum in the 
10-20 F8C range at lower humidities. When the ground is frozen at 10cm. but air 
temperatures are above freezing, vegetative resistance is roughly doubled. 

Measurements of Soil CO, Efflux 

R.L. Garcia. T.H. Demetriades - Shah, J.M. Welles. D.K. McDermitt 
LI-COR. inc., P.O. Box 4425, Lincoln, NE 6S504, USA 
and J.M. Norman 

Dept. of Soil Science. University of Wisconsin. Madison, \VI 53706 
USA 

Correspondence to: R.L. Garcia: LI-COR Inc., 4420 Superior, 

Lincoln. NE 68504. USA; FAX: (402)467-2819; Tel.: (402)467-0635 

ABSTRACT 
In-siiu measurement of soil CO. efflux has become increasingly 
common as scientists recognize the utility of these data in such areas 
as the determination of the carbon budget of terrestrial ecosystems in 
global change research and evaluation of the impact of pollutant 
damage to soil organisms and the efficacy of bioremediation efforts. 
Chamber methods are the most widely used means of measuring soil 
CO, efflux. We present a review of some of the pitfalls to such 
measurements. We include data from the literature as well as data that 
we have recenth collected to illustrate these pitfalls. We also 
demonstrate how these pitfalls can be avoided with a carefully 
designed measurement svstem. 
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POTENTIAL AND LIMITATIONS OF USING 12-YEAR SATELLITE DATA 
OVER GLOBAL LAND 

Garik Gutman 
Office of Research and Applications,NOAA/NESDIS,USA 
ggutman@nesdis.noaa.gov 

Data, provided by NOAA AVHRR, contain information on surface characteristics, 
such as albedo, temperature and state/amount of vegetation. Global time series of 
monthly anomalies in spectral data at 0.15 deg resolution during last 12 years have 
been analyzed. The limitations of these time series include residual errors in 
calibration and satellite orbit drift, which results in changing observational 
illumination and diurnal cycle effects. Detection of decadal trends on a global scale is 
discussed. The potential of monitoring strong anomalies, such as El Nino impact on 
land surface conditions, is demonstrated. Despite its limitations; this dataset is valuable 
for studying phenology of global biomes and developing a baseline for assessment of 
surface flux variability for longterm studies using data from future compatible sensors. 

LONG-TERM MONITORING OF SURFACE FLUXES AT HALLEY 
RESEARCH STATION, ANTARCTICA 

J.C. King and P.S. Anderson, British Antarctic Survey, Madingley 
Road, Cambridge CB3 OET, UK. 

Halley Research Station (75°S, 26°W) is situated on an expansive and 
uniform ice shelf and is thus an ideal location for making 
measurements of surface fluxes that are representative of a wide area. 
Continuous measurements of surface fluxes have been made at this 
site since 1995, using both eddy-correlation and profile techniques. 
We describe the instrumentation used and the problems encountered 
with making long-term flux measurements in a harsh polar 
environment. Data from the first two years of measurements will be 
presented, with particular attention given to water vapour fluxes. 
Sublimation of surface snow is found to be neglegible during the 
Antarctic winter, but is a significant loss term in the surface mass 
balance during summer. 

COMPARISON OF TRICHLOROACETIC ACID (TCA) CONCENTRA- 
TIONS OF TWO SPRUCE SITES IN THE ROSTOCKER HEIDE, NE- 
GERMANY 

WHeidenreich, G. Wolff, O. Stüdemann, S. Eckert 
Universität Rostock, Fachbereich Landeskultur und Umweltschutz, AG Angewandte Mete- 
orologie undKlimatoIogie, J.-v.-Liebig-Weg 6, D-18051 Rostock 
stuede@agr.uni-rostock.de/Fax: +49-3814982188 

TCA is an ubiquitous anthropogenic secondary air pollutant It is formed by atmospheric oxi- 
dation of volatile chlorinated hydrocarbons (VCH). Consequently the estimation of TCA in 
conifer needles is a bioindicator method for organic air pollutants as a basis for regionalization 
in local frameworks. Because of iß phytotoxical effects TCA was used as a herbicide in forestry' 
and agriculture up to 1989 in Germany. Levels of TCA in spruce needles from two sites in me 
Rostocker Heide were compared. The sample sites are at a distance not further man 800m from 
each other. The spruce stands differ in special ecological features. TCA-concentrations in 
needles ranged from 3.9 to 23.5 ug/kg fresh weight TCA levels in older needles were higher 
than those in younger ones. The levels depended upon season and apparently upon shortterm 
weather conditions. Spruce needles from sample site I (Sand-Podsol) in all age groups show 
1.4-1.6 times significantly higher average concentrations than those from sample site II (Sand- 
Tiefsalm-Gley). The differences at this short distance could be explained by varied wind and 
sun exposition and transpiration rate resulting from stock- and canopy density. Other natural 
factors like ground substrate, organic matter in soil, ground water level or water retention by 
special strata seem to be causes for promotion or intensification of TCA uptake by the roots. 

SIX YEARS OF SURFACE ENERGY AND WATER BALANCE MEASURE- 
MENTS AT A SITE WITH AGRICULTURAL LAND USE 

O. Kolle 
(Max-Planck-Institut für Biogeochemie, Sophienstr. 10, D-07743 Jena, Germany) 

Long-term measurements of surface energy and water fluxes were carried out at a 
site with varying agricultural land use (wheat, barley, sunflowers, maize and 
mustard) in the Weiherbach catchment in south-west Germany during the years 
1991 to 1996. The sensible heat flux was determined by means of the eddy 
covariance method, the latent heat flux was calculated from the profiles of humidity 
and wind speed according to the fiux-profile-relationship and as residual of the 
energy balance, respectively. 
During the period of investigations a high variability in annual precipitation 
occurred which ranges from 500 mm a"' to 1100 mm a'1. It was found that the 
partitioning of the mean annual available energy into the turbulent fluxes of sensible 
and latent heat is mainly influenced by the amount of annual rainfall on condition 
that the precipitation is distributed more or less uniform in time. The variation of the 
yearly mean values of the available energy was small (about 7%) but showed also a 
correlation with annual precipitation due to the prevailing synoptic conditions. The 
influence of different agricultural land use types on annual mean values of the 
energy fluxes is of minor importance because of their various vegetation periods. In 
addition the feedback of the turbulent energy fluxes and their ratio on the local 
climate conditions is presented. 

C02 AND WATER VAPOUR FLUXES OVER A DANISH 
BEECH FOREST 

P. Hummelshoej1, N. O. Jensen1 and K. Pilegaard2 

1) Wind Energy and Atmospheric Physics Dept., 2) Plant Biology and 
Biogeochemistry Dept., RISOe, Roskilde 
poul.hummelshoej@risoe.dk/Fax: +45 46775970 

A long-term monitoring station for fluxes of CO2 and water vapour was 
established in the spring of 1996 in a 80-year old beech forest near Soroe 
in Denmark. The station is one of 15 EUROFLUX stations, sponsored 
by the EC (ENV4-CT95-0078) and has been in operation since June 
1996. A primary goal is to combine flux measurements on a continu- 
ous multi-year time basis with ecological processes interpretation and 
modelling. The forest has an average tree height of 25m and the station 
consists of a 57-m tower with conventional meteorological profile in- 
strumentation and one level of eddy-flux measurements (a Solent sonic 
anemometer and a LI-COR 6262 gas analyser). Ancillary measurements 
such as soil moisture and leaf area index are also done. The paper de- 
scribes the results until now of the measurements and discuss them in 
terms of diurnal and seasonal variation in the fluxes. Variations in the 
fluxes are being investigated in relation to environmental variables. 

SENSITIVITY OF EDDY CORRELATION FLUXES TO THE 
METHOD OF FLUX COMPUTATION 

A. S. Kowalski (1), R. Ceulemans (1) and M. Aubinet (2) 
(1) University of Antwerp (UIA) B-2610 Wilrijk, Belgium, (2)   Faculte Uhi- 
versitaire des Sciences Agronomiques B-5030 Gembloux, Belgium. 
andykSuia.ac.be/Fax: [32] 3 820 22 71 

The eddy correlation technique allows direct determination of small-scale fluxes 
in the atmosphere, subject to numerous assumptions and approximations. The 
exact method of computing fluxes can vary from experiment to experiment, 
and indeed should likely be tailored to each specific application. Methods of 
co-ordinate rotation (for selecting surface-normal fluxes) and effective high- 
pass filtering (for isolating small-scale motions) are reviewed, and a sensitivity 
analysis is performed. Fluxes of carbon dioxide, water vapour, and sensible 
heat are considered using eddy correlation data from two separate mixed forest 
sites, one over flat ground and one in complex terrain. I 
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EDDY CORRELATION FLUXES OF CARBON DIOXIDE AND 
WATER VAPOUR ABOVE A MIXED FOREST CANOPY IN THE 
BELGIAN CAMPINE REGION 

A. S. Kowalski and R. Ceulemans 
University of Antwerp (UIA) B-2610 Wilrijk, Belgium. 
andykCuia.ac.be/Fax: [32] 3 820 22 71 

Within the framework of the EC-funded EUROFLUX project, a field experi- 
ment was initiated to directly measure atmospheric fluxes of C02, water vapour 
(latent heat), and sensible heat above the forest canopy. A sonic anemometer 
(3-D wind speeds and temperature) and a fast response infrared gas analyser 
(C02 and water vapour) are mounted on the tower at a height of 42 m above the 
forest floor; raw signals are recorded at a frequency of 20.8 Hz. Measurements 
from these instruments allow calculation of half-hour fluxes via the eddy cor- 
relation technique. Supporting micrometeorological measurements are made at 
various levels within and above the canopy. Half-hour means of net and global 
radiation, air temperature, C02 concentration, humidity, and wind speed and 
direction are logged to provide context for the eddy correlation fluxes. During 
1997, nearly continuous measurements were made, with gaps of some weeks 
due to pump failure (for the gas analyser) and contamination of the infrared 
laser tube. Uptake of C02 by the forest during the daytime amounted to ca. 
10 mol m-2 s-1 while smaller magnitudes of respiration were observed at night. 

SCALING OF SCOTS PINE SHOOT PHOTOSYNTHE- 
SIS TO CANOPY BY HIGH-RESOLUTION IRRADI- 
ANCE MEASUREMENTS 

T. Markkanen(l). T. Vesala(l), L. Palva(2), E. Garam(2), 
S. Palmroth(3), P. Hari(3) 
(1) Department of Physic, University of Helsinki, (2) Ap- 
plied Electronics Laboratory, Helsinki University of Tech- 
nology, (3) Department of Forest Ecology, UH 
Tiina.Markkanen@Helsinki.Fi/Fax: +358-9-191 8318 

Simultaneous shoot chamber and eddy covariance mea- 
surements were performed for a Scots pine stand (SMEAR 
II station, Hyytiälä, 61°51'N24°17'E). Shoot scale pho- 
tosynthesis was scaled to stand level by means of verti- 
cal needle biomass distribution, high-resolution irradiance 
measurements and soil respiration. The PAR distribution 
from the canopy top (at 13 m) to 8 m was measured by 
170 sensors at six height levels with the horizontal range of 
several meters. The diurnal evolution of the PAR distri- 
bution, the correlation between measurement points and 
the importance of multipoint measurements are discussed 
together with comparisons of scaled and eddy-covariance 
determined fluxes. 

A COMPARATIVE APPROACH TO STJRFACE FLUXES VARIATION IN 
THE SOIL/ATMOSPHERE INTERFACE 

Solange Mendonca Leite'1'" and Vasco Amorim'" 
'"Department of Physics, UTAD 
"'Geophysical Center, University of Lisbon 
E-mail: solange@utad.pt 

Abstracts Studies on the heat and water vapour processes 
in the atmospheric boundary layer and soil/atmosphere 
interface are of outmost interest due to its 
consequences on the problem of water management, 
atmospheric convection characteristics, probabilities of 
frost occurrence, etc. So, a description of a 
micrometeorological experiment for data collection in 
the atmospheric boundary layer is presented. Analysis of 
surface water vapour flux, sensible heat flux, latent 
heat flux and ground heat flux, in different atmospheric 
stability conditions is achieved. The surface layer 
fluxes are estimated by eddy correlation method. A 
comparative approach with other methods is also tried. 
The effects of atmospheric stability, net radiation and 
cloud cover on surface fluxes are analysed. Night time 
fluxes and vertical wind profile are also discussed. 

COMPARING, REFINING, AND STANDARDIZING WATER, 
COa, AND HEAT EXCHANGE MODELING METHODOLOGIES 

P.H. Martin (EC Joint Research Centre, TP 650, 21020 Ispra (VA), Italy) 
B. Longdoz and M. Aubinet (Physics Department, Faculte Universitaire des 
Sciences Agronomiques de Gembloux, Belgium) 
A. Saltelli (EC Joint Research Centre, TP 361, 21020 Ispra (VA), Italy) 
L. Francois (Laboratoire de Physique Atmospherique et Planetaire, Universite 
de Liege, Belgium) 

The EUROFLUX EC Shared Cost Action is rich in scientific outcomes. In 
particular, EUROFLUX provides an opportunity to compare, refine, and stan- 
dardize both measurement techniques and modeling methodologies. This pa- 
per focusses on the latter. While canopy exchange models abound, the present 
modeling exercise is original on at least four different counts: the processes 
represented in the model, the modeling strategy, the use of the long-term EU- 
ROFLUX dataset, and the issues investigated. First, the WATCH-IT (WATer, 
Carbon dioxide, and Heat Integrated Transfer) scheme intimately couples stom- 
atal behaviour, momentum, heat, and water exchange, and CO2 assimilation. 
Second, to the usual "design/programming/testing/calibration/validation" se- 
quence, an exhaustive sensitivity analysis was added. The sensitivity analysis 
challenged our understanding, revealed possible problems, and highlighted can- 
didate tuning parameters. Third, the long-term EUROFLUX dataset was used 
extensively for calibration and validation. Fourth, and finally, the implications 
of including CO2 storage in the canopy were investigated. 

CALIBRATION AND VALIDATION OF THE WATCH-IT MODEL 

B. Longdoz and M. Aubinet (Faculte Universitaire des Sciences Agronomiques de 
Gembloux, 8 av. de la Faculte B-5030 Gembloux, Belgium) 
P. H. Martin (European Commission Joint Research Center, ISPRA Italy) 
L. M. Francois (Labo. Phys. Atmos. and Planet., Universite de Liege, 5 av. de 
Cointe B-4000 Lüge, Belgium) 

A validation and calibration of the WATCH-IT model (P. H. Martin et al., this 
issue) is performed on measurements of fluxes and of meteorological data made , 
above a mixed forest at the Vielsalm site in the frame of the Euroflux network 
(Vandenhaute et al., this issue, Aubinet et al., this issue). 
Twenty days data set with different meteorological conditions are used for the 
calibration. The non determined parameters are choosen for the sensitivity analysis > 
(P. H. Martin et al., this issue) and only the most influent one are adjusted by 
calibration. This adjustement is realized in order to minimize the squared difference 
between measurements and model estimations of sensible heat, water vapor and CO, 
fluxes above the canopy. The validation is performed on a data set independant of 
the former. Satisfactory agreement between model predictions and measurements 
are found. 
Application of WATCH-IT allow us to estimate the evolution of fluxes above the ' 
canopy and their repartition between the canopy components (air of the canopy, 
vegetation and soil). We also analyse the importance of the storage of CO: in the 
canopy air and it's feedback on the assimilation. 

MONITORING OF LONGWAVE RADIATION IN THE SWISS ALPS 

Ch.Manvfll. R. Philipona(l), C. Froehlich(l). A. Ohmura(2) 
(l)Physikalisch-Meteorologisches Observatorium Davos, World Radiation Center 
PMOD/WRC, CH-7260 Davos, Switzerland 
(2)Institute of Geography, ETH, CH-8057 Zurich, Switzerland 

Long term measurements of longwave radiation are an important contribution to the 
dedection of an increasing greenhouse effect. For the study of the Alpine Surface 
Radiation Budget (ASRB) a new automatic radiation network has been established. A 
total of eleven stations at elevations between 400 and 3600m a.s.l. are measuring 
short- and longwave radiation with high resolution and accuracy. The standard 
instrumenation consists of a Kipp&Zonen CM21 Pyranometer for shortwave radiation 
and an Eppley PIR Pyrgeometer for longwave radiation fluxes. A Travelling Standard 
guarantees for the stablility of the measurements. Data of the first two years are used 
to show the yearly cycle of longwave downwelling radiation on different elevations. 
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DRY DEPOSITION FLUXES OF TRACE GASES AND THEIR 
SEASONAL VARIATION BASED ON CONTINUOUS 
MEASUREMENTS OVER A PINE FOREST 

R. Meszäros (1), L. Horväth (2), T. Weidinger (1) 
(1) Dept. of Meteorology, Eötvös Loränd Univ. Hungary, (2) Institute 
for Atmospheric Physics, Hungary 
mrobi@nimbus.elte.hu 

Continuous measurements of turbulent fluxes of ozone and sulphur 
dioxide over a homogeneous forest area have started in January, 1996. 
Meteorological parameters and gas concentrations are measured in and 
above a Norway Spruce forest using five minute averaging time. 
Gradient technique are used to calculate the dry deposition fluxes and 
deposition velocities of these trace gases. Different resitance values of 
the near surface layer and the canopy are also calculated from 
measured meteorological data and surface characteristics. Daily and 
seasonal variation of these resistances, deposition velocities, and 
turbulent fluxes of ozone and sulphur-dioxide are presented in this 
study. 

Absolute Measurements of Night Sky Downwelling Longwave Radiation 

R. Philipona (1), Ch. Marty (1), C. Fröhlich (1) and A. Ohmura (2) 
(1) Physikalisch-Meteorologisches Observatorium Davos, World Radiation Center 
PMOD/WRC, CH-7260 Davos Dorf, Switzerland. 
(2) Institute of Geography, ETH, CH-8057 Zurich, Switzerland. 

Long term monitoring of downwelling longwave radiation at different altitudes allows 
to trace effects and possible trends due to increased greenhouse gases in the 
atmosphere. New blackbody calibration techniques together with improved dome 
temperature measurements on pyrgeometers provide high relative precision of better 
than 3 Wm-2 between different instruments. However, large differences between the 
spectral distribution of thermal atmospheric radiation and Planck radiation sources 
prevent an absolute calibration of pyrgeometers with blackbody radiation sources. A 
windowless pyroelectric radiometer is therefore used to measure downwelling 
longwave radiation of a clear night sky with absolute accuracy. Sky radiance 
measurements at a solid angle of six degree are made at four selected zenith angles in 
four azimuthal directions. Gaussian integration is used to determine the hemispherical 
downwelling longwave irradiance on a horizontal surface. This instrumentation 
provides a method for absolute calibration of pyrgeometers during perfect clear night 
sky. 

ATMOSPHERIC FLUXES OF C02 ABOVE A HIGH ARCTIC FEN FROM 
SPRING TO AUTUMN TWO SUCCESSIVE YEARS IN NE-GREENLAND 

C. Nordstrom. T. Friborg, B.U. Hansen and H. Soegaard (Institute of Geography, 
University of Copenhagen, Oestervoldgade 10, DK-1350 Copenhagen K.Denmark) 

Turbulent fluxes of C02 were measured by eddy correlation continuously for two 
months in 1996 and 3 months in 1997 over a wet fen system at Zackenberg (74 
28'N,20 34'W) in NE-Greenland. The 1996 season can be regarded as relatively dry 
and warm compared to 1997, where the snow melt and thus the set in of the growing 
period occurred 14 days later than in 1996. The 1996 measurements started just after 
snow melt late June and continued until the end of the growing season in the middle 
of August. The 1997 measurements started on a l-l,5m cover of dry snow 1 June 
and was closed down in the end of August which correspond to late autumn at this 
high arctic site. The fens consist of grasses and sedges and have water levels over, at 
or just beneath the soil surface. All of a spring emission "flush" of COz was 
observed during snow melt in the 1997 data reaching values on 0.2 mgm'V or 
almost 9 gm'May'1 CO,. Uptake increased over the period and attained values up to 
0.4 mgm'V or 12 gm 2day' C02 in the middle of the growing season. The fluxes 
displayed a clear diurnal variation during the entire period primary controlled by 
incident solar radiation. A curvilinear relationship between absorbed PAR and C02 

flux was found. In 1997 the period with daily emssion loss, before the system 
shifted to daily net-uptake, amounted to 101 gm'2 C02. The period with daily 
net-uptake totalled 231 gm'2 and the total net-ecosystem balance for all of the 1997 
season, displayed thus a net-sink on 130 gm'2 CO,. 

A statistical study of NDVI sensitivity to seasonal and interannual rainfall 
variation in Southern Africa. 

I. Poccard(l), Y.Richard (I) 
(1) Centre de Recherches de Climatologie, Universite de Bourgogne/CNRS, Dijon, 
France 
e-mail: poccard(gu-bourgogne.fr/Fax : +33-03.80.39.57.41 

NOAA satellites carry out long term measurements of surface conditions, as the 
Normalized Difference Vegetation Index (NDVI). Rainfall-photosynthetic activity 
relationship is investigate at relative large scale (continental and interannual) using 
these data. For Southern Africa south of 15 S, the aim is to better understand the 
spatial characteristics of NDVI sensitivity to seasonal and interannual rainfall 
variability, using an original rainfall dataset. Over the 1983-1988 period, with 
monthly values on 1 *\ grid point dataset, the study will show the influence of 
geographical conditions as soil and vegetation types on seasonal an interannual 
rainfall-NDVI relationship. 

MEASUREMENTS OF CO,, CH4. SENSIBLE AND LATENT HEAT EXCHANGE 
AT DIFFERENT TUNDRA* SURFACES IN A HIGH ARCTIC ENVIRONMENT 

C. Nordstrom, T. Friborg, B.U. Hansen and H. Soegaard (Institute of Geography. 
University of Copenhagen, Oestervoldgade 10, DK-1350 Copenhagen K, Denmark) 

Results from a concentrated effort to measure mass and energy fluxes by eddy 
correlation over different surface types at a locality in the high arctic region are 
presented. The measurements took place at Zackenberg (74°28'N,20°34'W) in 
NE-Greenland 1997 from 1 June to 26 August, which on this location correspond to 
a period from spring to autumn. Eddy correlation setup's were established 
representing fluxes from: 1) a wet surface with grassy vegetation 2) a heath land 
vegetation. Additionally a tall mast was erected to measured fluxes representing an 
intergrated contribution from a mixture of different surfaces included the two abowe 
mentioned. CH, fluxes were only measured at the wet site. Clear diurnal and seasonal 
variations were seen at the three sites. In the case of net-ecosystem CO, exchange, 
fluxes over the wet surface with dense grass vegetation, were about 4 times as large 
as the C02 fluxes from the heath land. The C02 fluxes measured from the tall mast 
attained values in between. CH4 fluxes measured by eddy correlation with the use of 
a tunable diode laser, culminated at the same time as the maximum CO, uptake, 
reached values of about 120 mgm'2 day'1 and decreased thereafter gradually. 

MONTHLY VARIABILITY OF ENERGY AND MATTER 
FLUXES OVER AGRICULTURAL CANOPIES. THE INFLU- 
ENCE OS MESOSCALE AND MICROSCALE PROCESSES. 

D. Polonio and M.R. Soler (Dpt.  Astronomia i Meteorologia, Univer- 
sität de Barcelona, Avda. Diagonal 647, 08028 Barcelona, Spain) 
rosa@mizar.am.ub.es / Fax: 34 3 402 11 33 

To analyze the spatial and temporal variability of energy and matter 
superficial fluxes above an irrigated and dry agricultural areas, and the 
factors that controls the transport rate, we carried out continuous long 
term measured and calculated fluxes. Based on ten minutes averag- 
ing measurements we have characterized and compared for each month, 
the diurnal evolution of net radiation, soil heat flux, latent heat flux 
and sensible heat flux. In all period the values of (the two last fluxes 
are calculated by Bowen ratio energy and similarity theory of Monin- 
Obukhov, whereas, for a short period, sensible heat flux are measured by 
eddy correlation system, the three methods have been compared. Simul- 
taneously, this long term measurement allowed us to examine in both 
measurements stations, since there are located in quite different places, 
the influence of the mesoscale and microscale factors like the orography, 
the dominant winds, (winds rose), the soil humidity and soil cover re- 
spectively. 
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A SIMPLIFIED AERODYNAMIC METHOD TO MEASURE AMMONIA 
FLUX OVER FIELD CROPS UNDER MEDITERRANEAN CLIMATE 

/ 
G, Rana (Istituto Sperimentale Agronomico, via C. Ulpiani, 5, 70125 Bari, Italy) 
agrobari@interbusiness.it 
V. Magliulo (CNR-ISPAIM, C.P. 101, 80040 S. Sebastiano al Vesuvio, Napoli, 
Italy) 

Ammonia (NH3) is a chemically highly active gas in the atmosphere and has great 
impact on air pollution. Many methods have been developed in the last years to 
evaluate emissions/depositions of NH3 from/to terrestrial surface. The direct 
methods (chambers, chemical traps) measure NH3 only in a limited number of 
points, so that the measurements are difficult to generalize. Micrometeorological 
methods, mainly based on flux-gradient relationships are the best, but often are 
difficult to set up because they require measurements at three (or more) levels 
above the surface. In this work a simplified aerodynamic method (SAM) to estimate 
flux was tested; The trial was carried out in an agricultural area of Southern Italy 
near the Tirrenic coast. NH3 concentration was measured at two levels above a 
Lolium crop, fertilized with CaN03. Measurement were performed over a 2 hours 
sampling period by trapping air NH3 in a HjS03 solution and analysing the sample 
in the laboratory with the colorimetric method, using Nessler solution. SAM fluxes 
were compared to those computed by the complete aerodynamic method 
(concentrations measured at three levels above the crop). The test showed that 
SAM correctly estimate NH3 emissions/depositions during the day. Some problem 
arises during the night, in particular when the flux is toward the surface 
(deposition). 

AMERIFLUX - THE CARBON FLUX NETWORK OF THE AMERICAS: 
AN OVERVIEW OF OBJECTIVES AND GOALS 

HP. Schmid (I). D. Hollinger (2). S. Wofsv Ci) 
(1) Indiana University, Bloomington, IN, (2) USDA-Forest Service, Durham, NH, 
(3) Harvard University, MA, (all USA) 
hschmid@indiana.edu /Fax: +1-812-855-1661 

Significant net uptake of CO; by terrestrial ecosystems has been postulated to 
account for the so-called "missing carbon sink" of the global carbon budget. The 
rate of accumulation of CO2 in the atmosphere, and the net primary production of 
terrestrial ecosystems vary enormously on interannual and decadal time scales. We 
are currently unable to account definitely for these observations, and these gaps in 
understanding the global carbon cycle cause significant uncertainty in predictions of 
future concentrations of atmospheric C02. The goals of the AmeriFlux network are 
to address this concern by (i) contributing new information to help define the current 
carbon budget, based on long term measurements of net flux of CO2 to/from major 
terrestrial ecosystems, (ii) enabling improved predictions of future concentrations of 
atmospheric CO2 based on enhanced understanding of responses of net primary 
production to changes in climate, and (hi) enhancing understanding and advice on 
the consequences of potential CO2 mitigation policies. AmeriFlux has similar 
objectives to other carbon flux networks (e.g. EUROFLUX), but exhibits some 
differences in approach and organization. The role of AmeriFlux is to coordinate the 
presently 29 flux sites, each with their own funding sources, time scales and 
observational approaches. The aim is to cover all important terrestrial biomes, 
including (presently) different types of deciduous and coniferous forests, grasslands, 
arctic tundra, semi-arid chaparral, alpine and sub-alpine sites, boreal forest, and 
tropical wet forest. Data products will be cross-calibrated routinely and made 
available in a comprehensive database. Further information on AmeriFlux's science 
plan can be found on the internet at http://www.esd.ornl.gov/programs/NIGEC. 

DETERMINATION OF TURBULENT FLUXES OF CARBON DIOXIDE 
AND WATER VAPOUR IN DIFFERENT MEASURING HEIGHTS ABOVE 
SPRUCE FOREST IN SOUTH-EAST GERMANY 

C. Rebmann, E.-D. Schulze, J. Tenhunen 
Department of Plant Ecology, University of Bayreuth, D-95440 Bayreuth, Germany 

Turbulent fluxes of carbon dioxide, water vapour and sensible heat were measured 
in two heights above a young spruce forest (Picea abies) in the frame of the 
EUROFLUX-project by means of the eddy covariance method since June 1996, 
working in parallel since May 1997. The site is located in mountainous, 
inhomogeneous terrain (Lehstenbach / Fichtelgebirge) in south-east Germany. 
Differences in the net carbon exchange of the ecosystem as well as in evapo- 
transpiration and sensible heat flux are found between tile two systems. All absolute 
values of the carbon dioxide and energy exchange rates are usually higher in the 
upper measuring height leading to a better energy balance closure compared to the 
lower one. This results also in significant differences in the carbon balance of the 
forest especially during the vegetation period. It is discussed where the differences 
arise from and which method can be used to determine the CGyexchange on such 
non-ideal conditions. Footprint analysis imply that the measurements in the upper 
height do not always represent the fluxes from the patch of the younger forest 
surrounded by older and higher trees. As a consequence a combination of the data 
from both heights depending on the atmospheric stability is used to determine the 
local net carbon ecosystem exchange. \ 

LONG TERM STUDY OF WET AND DRY DEPOSITION OF 
SULPHUR AT A RURAL SITE IN EASTERN GERMANY 

G. Spindler. E. Brüggemann, U. Teichmann and D. Theiss 
Institut für Troposphärenforschung, Leipzig, Germany 
spindler@tropos.de 

In 1992 the research station Melpitz (meadow, 86 m a.s.l.) about 40 km 
northeast of Leipzig has been established to observe the rehabilitation of the 
atmosphere above the new federal states of Germany after the reunification 
in 1990. The dry deposition of SO2 was estimated by using a continuously 
running profile system. The wet deposition of sulphate was determined by 
means of the precipitation volume (wet only sampler) and the concentration 
of sulphate in rain water. The total sulphur deposition was calculated from 
the sum of the wet and dry deposition. In this five year period the 
concentration of sulphur in precipitation decreased about 40% and the wet 
deposition about 30%. The decrease in S02 concentration was about 70%, 
while the dry deposition showed no continuous decrease. This may be due to 
the varying deposition velocity from 0.1 cm s"' to 0.4 cm s*'and the 
variation of the canopy resistance of SO2. Some information is given about 
the ratio of dry deposition of sulphate in aerosols and about the behaviour of 
ozone dry deposition during the five year time period. The variability in the 
ratio of wet to dry sulphur deposition is shown. 

C02 EXCHANGE IN MIXED HARDWOOD FORESTS IN THE 
MIDWESTERN UNITED STATES: TWO AMERIFLUX PROJECTS 

HP. Schmid (1), B. Barthelmie (1 j, P. Curtis (2), S. Grimmond (1), S. Pryor (1) and 
J. Teeri (3) 
(1) Indiana University, Bloomington, IN, (2) Ohio State University, Columbus, OH, 
(3) University of Michigan, Ann Arbor, MI, (all USA) 
hschmid@indiana.edu / Fax: +1-812-855-1661 

The two AmeriFlux projects presented here are very similar in their objectives: to 
obtain long term eddy-flux measurements of CO; exchange with the forest. 
However, due to distinct differences in their regional setting, the methods to achieve 
them and the challenges involved are different. One site is located in Morgan- 
Monroe State Forest, Indiana (MMSF, 39° 10' N 86° 25' W, mixed hardwoods, ~25 
m canopy height). The 45 m flux tower has a minimal forest-fetch in principal wind 
direction of - 4 km. This area is characterized by small scale ridge/ravine 
topography, resulting in differences of moisture availability over short distances. 
The second site (northern mixed hardwood forest) is operated by the University of 
Michigan Biological Station (UMBS, 45° 34' N, 84° 43' W) in northern Michigan. 
In the main wind direction, topography is very slight for several km. However, the 
observation tower site is located 1 km away from Douglas Lake (-5x6 km). The 
objectives of both sites center on obtaining regionally representative, continuous 
long-term flux observations of atmosphere-forest C03 exchange. Fluxes are 
measured by eddy correlation at several heights above and below canopy, to ensure 
multiple flux footprints at all times. At the MMSF site the challenge posed by the 
inhomogeneiry of the surface is to incorporate a representative composite of small- 
scale patches to form a valid average. In contrast, at the UMBS site, the challenge is 
to separate the flux contributions from the forest and from the lake, to obtain fluxes 
that are representative for the forest ecosystem. The objectives and methods at these 
two sites will be discussed in more detail and will be illustrated by first results. 

OZONE DEPOSITION TO A SCOTS PINE AND A MOUNTAIN 
BIRCH FOREST IN NORTHERN EUROPE 

J.-P. Tuovinen. M. Aurela and T. Laurila 
Finnish Meteorological Institute, Air Quality Research 
Sahaajankatu 20 E, FIN-00810 Helsinki, Finland 
juha-pekka.tuovinen@fmi.fi 

Results are presented from two extended micrometeorological campaigns 
including measurements of ozone deposition and related turbulent fluxes 
above two forest ecosystems in Finland: (I) a Scots pine forest in the southern 
boreal zone (62°52'N, 30°55'E), 9 June to 4 Aug. 1995; and (2) a subarctic 
mountain birch forest in the northern boreal zone (69°28'N, 27°14'E), 29 
May to 16 Sept. 1996. The measurements were performed by using the eddy 
covariance technique. The fluxes are interpreted in terms of a big-leaf 
resistance model, and common parametrisations of the surface resistance are 
tested. For the pine forest, a comparison with the Wesely scheme showed a 
good agreement for the mean diurnal cycle of the deposition velocity, and 
during midday, also for the mean surface resistance. To improve the fit during 
night, the resistance of external surfaces had to be reduced. The mountain 
birch data indicates a strong seasonal variability, demonstrating the shortness 
of the growing season in the north. Once the leaves emerged, relatively high 
deposition velocities with only a moderate diurnal cycle were observed. 
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LONG TERM MEASUREMENT OF FLUXES IN A MIXED ARDENNES 
FOREST : 1. INFERENCE OF FUNCTIONAL RELATIONSHIPS 
M. Vandenhaute(1), M. Aubinetm, B. Chermanne'", B. Longdoz!!1, E. Laitat1" 
(" Unite de Biologie Vegetale, Faculte Universitaire des Sciences Agronomiques de 
Gembloux, Belgium (FUSAGx),(-' Unite de Physique. FUSAGx. 

In the framework of the EU-funded networks ECOCRAFT and EUROFLUX. 
continuous measurements of fluxes were made for a year at Vielsalm, in the 
Belgian Ardennes. The site is a mixed forest with deciduous and coniferous stands. 
Fluxes of momentum, sensible heat, water vapour and C02 were measured 
continuously on a half hour basis using the eddy covariance method. Temperature, 
humidity, radiation, precipitation and leaf area index were also measured. 
The measurements were used to infer the physiological response of the ecosystem 
fluxes to climate and other environmental variables. 
Night-time measurements gave whole system respiration as a function of bole 

' temperature. This function was then used to estimate the gross primary productivity 
; (GPP). The GPP response to radiation was analysed. The light-saturated GPP and 
the quantum yield efficiency were deduced from regression for each month. The 
seasonal evolution as well as the dependence on phenology, water availability and 
canopy conductance were investigated. There were significant differences between 
deciduous and coniferous stands in spring and autumn, but differences were 
negligible during the growing period. A sensitivity analysis of the parameters to the 
regression type was also performed. 
Acknowledgement: This research is financed by the Belgian Prime Minister's 
Office - Federal Office for Scientific. Technical and Cultural Affairs and the EU. 

VARIATIONS OF RADIATIVE FLUXES IN ARM- 
EXPERIMENT IN CONNECTION WITH CLOUDINESS (MEA- 
SUREMENT AND MODELLING) 

Yu. A. Volkov and I. N. Plakhma 
Institute for Atmospheric Physics, Pyzhevsky 3, Moscow, 109017, Russia. 
rootCiaph.msk.su/Fax: [7 095] 9531652 

On the basis of the experimental data, obtained at the experimental polygon 
(Oklahoma State, USA) in the Atmospheric Radiation Measuring Programme, 
the statistical analysis of the radiation fluxes, temperature, humidity, cloud op 
i cal thickness and amount for the different cloudiness levels were conducted. 
Dependence of the surface net radiation balance on the incoming solar fluxes 
was formed for various cloud types. Experimental results by radiation variabil- 
ity were compared with the calculations, per o rmed in ARM-programme. and 
with our own numerical estimations. 

SOIL RESPIRATION IN COLD CLIMATE FOR A SCOTS 
PINE STAND 

T. Vesala(l). Ü. Rannik(l), L. Laakso(l), J. Pumpanen(2), 
H. Ilvesniemi(2), M. Salkinoja-Salonen(3), C. Wittman(3) 
(1) Department of Physic, University of Helsinki, (2) De- 
partment of Forest Ecology, UH, (3) Department of Ap- 
plied Chemistry and Microbiology, UH 
Timo.Vesala@Helsinki.Fi/Fax: +358-9-191 8318 

Winter-time eddy covariance measurements (at SMEAR 
II station, Hyytiälä, 61°51'N24°17'E) have revealed a sig- 
nificant source of CO^ from the soil through the snow pack. 
Simultaneous shoot cuvette measurements allow the sub- 
traction of canopy respiration and the results are compared 
with observations obtained from soil chambers. In addi- 
tion, the COj source term within the soil and microbial 
activity are determined by sampling. We discuss the im- 
portance of soil temperature and the depths of permafrost 
and snow cover as controllers of respiration. 

OA11 Mesoscale   transport   of   air   pollution, 
including land/sea areas 

Convener: Artinano, B. 

Co-Convener: Mikkelsen, T. 

THE MONCHEGORSK ARCTIC MESOSCALE EXPERIMENT: 
MEASUREMENT AND MODELING OF ATMOSPHERIC POLLUTION 

OVER A COMPLEX TERRAIN 

A. Baklanov (Kola Science Centre of RAS, 184200 Apatity Russia), D. Jaffe 
(University of Alaska, Fairbanks 99775 USA), A. Mahura (KSC RAS), H. Torvela 
(University of Oulu, F1N-90571 Oulu, Finland) & M. Beloglazov (KSC RAS) 

The program of the international Monchegorsk experiment on investigation of 
processes of local atmospheric transport of industrial pollution over a complex 
terrain in the Arctic latitudes is described. The study object is the Monchegorsk 
district on the Kola Peninsula in northwestern Russia. This is a region with a very 
unfavourable ecological situation due to pollution from the 'Severontckel' smelter. 
The experiment was carried out during summers of 1993-1994, and included: 
• Measurement of meteorological elements at 9 sites and 3 meteorological stations; 
• Balloon radio-sounding: registration of pressure, wind velocity, air temperature, 

humidity. SO, and 0.t concentration at different elevations; 
• Measurements of surface air concentrations of SO; and Oj by different methods; 
• Measurement of SO,. NO, and Oj using a mobile laboratory; 
• Investigation of fractional composition of heavy metal particles in the surface layer. 
To choose the measurement sites in the region, a mathematical modelling of 
meteorological fields and transport of pollutants was implemented for the experiment 
conditions with varying input parameters. Data, obtained during the experiment, is 
used for verification and development of numerical meso-scale models of the 
atmospheric dynamics and pollution transport over a complex terrain. 
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TESTING METEOROLOGICAL FIELDS AND PBL PARAMETERIZA- 
TION FOR MODELLING TRANSPORT, DISPERSION, AND DEPOSI- 
TION - VALIDATION AGAINST ETEX-1, ETEX-2, AND CHERNOBYL 

A. Bastrup-Birk", J. Brandt". T. Mikkelsen21, S. Thykier-Nielsen" and Z. Zlatev" 
"Narional Environmental Research Institute, Department of Atmospheric Environ- 
ment, Frederiksborgvej 399, P.O. Box 358, DK-4000 Roskilde, Denmark. 
E-mail: lujbr@sun4.dmu.dk / Fax: +45 3630 1214 
2lRisa National Laboratory, Wind Energy and Atmospheric Physics Department. 

A tracer model for studying transport, dispersion, and deposition of air pollution 
caused by a single but very strong source has been developed. The model is based 
on a combination of a Lagrangian short-scale puff model and an Eulerian 
long-range transport model. The Lagrangian model is used in the area near the 
source to calculate the initial transport and dispersion of the release and the 
Eulerian model is used for long-range transport calculations in the whole model 
domain. The meteorological meso-scale model MM5V1 is used as a driver for the 
transport model. Different meteorological input fields and different comprehensive 
and simple parameterizations of mixing height, dispersion, dry and wet deposition 
have been included in the model and compared by using numerous statistical tests. 
The model has been run and validated against the two ETEX releases and the 
Chernobyl accident. 2-D and 3-D visualization techniques are important tools for 
the development of the model, for validation of the model results and for a better 
understanding of the different processes studied by the model. Such visualizations 
together with comparisons with measurements will be presented and discussed. 

A MESOSCALE STUDY OF A DESERT PLUME OVER WEST 
AFRICA AND EASTERN ATLANTIC. PART 2 : DYNAMICAL 
AND MICROPHYSICAL FEATURES. 

G.CnutenetMl F. Pradelle(l), 0. Chomette(2), M. Legrand(2) 
(l)Laboratoire de Meteorologie Physique, UBP, 63170 Aubiere, France. 
(2)Laboratoirc d'Optique Atmospherique, USTL, 59655 Villeneuvc d'Ascq, France. 
cotenet@opgc.univ.bpclermont.fr /Fax: +33-(0)4-73-27-16-57 

The Saharan dust haze is generated by wind erosion of the unprotected arid surfaces of 
the Saharan desert and its borders. About 1 GT of Saharan dust is mobilized each year 
in this way. Then dust is transported over large distances, as far as America and 
Europe. At last it settles by gravitation (dry deposit) or is scavenged by rain (wet 
deposit). 
The spatial extension and the high frequency of occurrence of dust plumes is such 
that they have a significant effect on the global climate through their direct impact on 
the radiative Budget of the Earth-atmosphere system. 
The simulation of mobilization, transport and deposition of dust, and of its radiative 
impact is currently in progress. Trjc model used is the CSU RAMS for the mesoscale 
transport, in association with a new physical dust emission scheme, a dry deposition 
module, and a radiative code. 
The purpose of this paper is to present results of a dust event generated by a Saharan 
source and transported towards the Atlantic ocean, with special emphasis on the 
dynamics of the plume trajectory and the microphysical evolution. Validations are 
made through remote sensing data and by dust sampling at ground. 

EFFECTIVE MODELLING OF THE LOW TROPOSPHERIC FLOWS 
AND ADVECTIVE-DIFFUSIVE PROCESSES WITH A SINGULAR 
INITIAL CONDITIONS 

Remigiusz Brojewski, AVIOMET Ltd 
E-mail: Fehler! Textmarke nicht definiert. 

Work presents problems connected to modelling and stability of air flows in the 
lower troposphere. In the anelastic model of a two-dimensional flow with surface 
and volume sources of vorticity three different regimes of solution: stationary. 
oscillatory and chaotic were observed. A stream function for wind is used. Applying 
the method of perturbations to the three-dimensional model based on primitive 
equations for an incompressible flow in a stationary regime, the possibility of the 
reconstruction of the vertical profile of the flow velocity is demonstrated. The 
topography dependent orographic drag coefficient was introduced. To get more 
efficient computational schemes for advective-diffusive processes with singular 
initial condition different stages of decomposition method for 3-D model of a 
transfer of the matter with such processes as a diffusion, sources and sinks were 
tested. As a result, after applying the correction of a dispersion and a group velocity, 
normally deformed by classical schemes, the efficient numerical schemes were 
obtained. 

THE INFLUENCE OF SUBGRID SCALE MIXING ON THE 
TRACE GAS DISTRIBUTION IN A NUMERICAL WEATHER 
PREDICTION MODEL 

R. Cesari (1), B. Vogel (2) and F. Fiedler (2) 
(1) now at Istituto FISBAT-CNR, v. Gobetti 101, 1-40129, Bologna. Italy, 
(2) Institut für Meteorologie und Klimaforschung-Forschungszentrum Karl- 
sruhe / Universität Karlsruhe, Postfach 3640 D-76021 Karlsruhe, Germany. 

The concentration distribution of trace gases is influenced by cumulus convec- 
tion. Numerical weather prediction models resolve only scales much larger than 
the cumulus scale. Therefore the effects of convective clouds on the atmospheric 
variables and on the trace gas concentrations have to be parameterized. We in- 
cluded an equation for the transport and diffusion of trace gases in the numeri- 
cal weather prediction model of the German weather service (DM-model). The 
numerical grid, the integration procedure and the parameterization schemes are 
identical to those used for the atmospheric variables. The whole model system 
runs in a coupled mode. For the treatment of the convective scale processes 
the Tiedke scheme (Tiedtke. 1989) is used in which the subgrid scale processes 
are parameterized separately for cumulus updrafts and cumulus downdrafts. 
Simulations performed for July 29. 1996 prescribing an initial concentration of 
ozone show that the process of cloud venting produces a change of about 209c 
in the concentration distribution after 12 hours. 

PERFORMANCES OF THE DISPERSION CODE SAFE_AIR US- 
ING DIFFERENT PROCEDURES TO CALCULATE THE AD- 
VECTIVE WIND 

E. Canepa, F. Modesti and C. F. Ratto 
INFM - Department of Physics, University of Genoa, Via Dodecaneso 33,16146 
Genova, Italy. 
canepaaCge. inf n. it/Fax: [+39] 10 353 6354 

The SAFE-AIR code simulates the transport and diffusion of airborne pollu- 
tants using Gaussian plume segments and/or puffs. The code is able to deal with 
both nonstationary and nonhomogeneous situations. SAFE-AIR is an evolution 
of the AVACTA II code, a code "recommended" by the U.S. EPA. With respect 
to the AVACTA II code, SAFE.AIR contains a few improvements among which 
the change of the wind field generation procedure and different algorithms cal- 
culating the wind field spatial average providing the advection velocities of the 
pollutant elements (these algorithms differ among one another because of the 
number of cells involved in the averaging procedure and the relative weight 
given to cells). 
The evaluation of the performances of the code using the cited algorithms has 
been performed using laboratory data from the EPA wind tunnel Rushil ex- 
periments (two-dimensional schematic hill, neutral conditions). This work also 
contains the results obtained using the different algorithms when the code is 
applied to a real situations above a very complex orographv (Liguria Region. 
Italy). 

A MESOSCALE STUDY OF A DESERT PLUME OVER WEST 
AFRICA AND EASTERN ATLANTIC. PART 1 : RADIATIVE 
IMPACT. 

O. ChomcttcMV M. Legrand(l). G. Cautenet(2). F. Pradelle(2) 
(I)Laboratoire d'Optique Atmospherique, USTL, 59655 Villeneuve d'Ascq, France. 
(2)Laboratoire de Meteorologie Physique, UBP, 63170 Aubiere, France. 
chomette@loa.univ-lillel.fr /Fax: +33-(0)3-20-43-43-42 

The Saharan dust haze is generated by wind erosion of the unprotected arid surfaces of 
the Saharan desert and its borders. About I GT of Saharan dust is mobilized each year 
in this way. Then dust is transported over large distances, as far as America and 
Europe. At last it settles by gravitation (dry deposit) or is scavenged by rain (wet 
deposit). 
The spatial extension and the high frequency of occurrence of dust plumes is such 
that they have a significant effection the global climate through their direct impact on 
the radiative budget of the Earth-atmosphere system. 
The simulation of mobilization, transport and deposition of dust, and of its radiative 
impact is currently in progress. The model used is the CSU RAMS for the mesoscale 
transport, in association with a new physical dust emission scheme, a dry deposition 
module, and a radiative code. 
The purpose of this paper is to present results of a dust event generated by a Saharan 
source and transported towards the Atlantic ocean, with special emphasis on the 
radiative impact. Validations are made through remote sensing data acquired from the 
ground (photometry) and from space (satellite data). 
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X-RAY FLUORESCENCE ELEMENTAL ANALYSIS OF TSP AT 
CASTELLON, SPAIN 

C. Delgado, G. Sanza, J. Rosel* and V. Esteve 
Dpto. de QuYmica Inorgßnica y Orgßnica, Universidad Jaume I, Ap. 224, 
E-12080CastellJ/4n, Spain 
•Dpto. de PsicologYa Bßsica y MetodologYa, Universidad Jaume I 
E-mail: estevev@nuvol.uji.es Fax: 34 64 345747 

Atmospheric aerosol samples were collected near the coast at Castellan (a 
Mediterranean Spanish city). During a period of six months between February and 
August of 1992 a daily sample was collected by means a High-volume sampler using 
Whatman GF/A fibre filters as collection media. Elemental chemical analysis of 
samples obtained were performed by a Siemens S-3000 X-ray fluorescence 
spectrometer (SEM/EDX), using SRM -1648 (urban paniculate matter) as reference 
material for test the analytical method used. Significant amounts of Na, Mg. Al, Si, S, 
Cl, K, Ca, V, Cr, Mn, Fe, Zn, Ba and Pb were found. Ambient concentrations for TSP 
and each element were calculated. Statistical correlation between several elements, 
time temporal series showing a seven order correlation and a predominance of natural 
origin were find. Authors are grateful to the Fundaci% Caixa CastelP/S for financial 
support throws the 61383 project. 

CALCULATION OF METEOROLOGICAL DATA WITH ATMO- 
SPHERIC MODELS OF DIFFERENT HORIZONTAL RESOLUTI- 
ON 

Lenz, C.-J.; Schlünzen. K. H.; Schatzmann, M. (Meteorologisches Institut, Uni- 
versität Hamburg, Bundesstr. 55, D-20146 Hamburg); 
Majewski, D. (Deutscher Wetterdienst, Abteilung Forschung und Entwicklung, 
Kaiserleistr. 42, D-63067 Offenbach am Main) 

Atmospheric data derived from measurements or calculated by routine weather 
forecast models are mostly given in a horizontal resolution of some 10 km. These 
data generally do not include mesoscale-7 atmospheric phenomena caused, 
for example, by temperature differences between the land and sea surfaces or 
by tidal influences. However, the mentioned atmospheric phenomena can be 
incorporated in the data by calculating them with high-resolution atmospheric 
models. 

In this contribution simulation results of the mesoscale transport and fluid mo- 
del METRAS are presented for the second measuring period of the KUSTOS- 
experiment, which took place in the area of the German Bight in April and May 
1995. The model results are compared with corresponding data of the Deutsch- 
land model as well as with routine measurements of the German Weather Ser- 
vice. The model results and the measurements are compared aud discussed 
with respect to the wind, the temperature, and the specific humidity. 

REMOTELY SENSED SURFACE SENSIBLE HEAT FLUX FOR 
AIR POLLUTION DISPERSION STUDIES 

K. De Ridder and C. Mensink 
VITO, Centre for Remote Sensing and Atmospheric Processes, Mol. Belgium. 
dridderk9vito.be/Fax: [+32j 14 33 27 95 

Modelling studies of urban to regional scale air pollution dispersion often en- 
counter the obstacle of having to specify surface sensible heat fluxes and at- 
mospheric stability. Since those parameters are not routinely available from 
meteorological networks, a method was developed to infer their spatial distri- 
bution from satellite remote sensing. After a description of the method, its 
feasibility is demonstrated and its validity is assessed by comparing satellite- 
retrieved sensible heat fluxes with experimental data. Furthermore, directions 
are given for the method's extension towards an operational processing scheme. 

TRACKING THE DYNAMICS OF AN ELEVATED PLUME ON THE 
SPANISH LEVANTINE COAST. 

F. Mantilla. M Millän. R Salvador. MJ Sanz. A Carratala and JL Palau. 
Fundaciön C.E.A.M. 
enrique@ceam.es 

Since 1994. a vigilance program of the plume dispersion from the 
Andorra thermal power plant has been maintained, by systematically 
following its SO1 emissions with a mobile unit instrumented with a 
COSPEC system (correlation spectrometer) and a fast response 
conventional SOi ground monitor. The power plant is located in the SE 
of Spain, placed on the plateau border of the Ebro Valley, at about 120 
Km from the coast, with a 300m high stack and 1200 MW of total 
power. The plume evolves within a diverse and complex atmospheric 
dynamics, that changes in accordance with the dominant meteorological 
conditions and their interaction with the surrounding topography. Some 
of the typical dispersion patterns from the elevated emissions in the 
region have been identified. Under intense advective conditions, the 
emissions get trapped in the general flow, showing a tendency to be 
channeled along the Ebro Valley axis. The mechanical turbulence 
generated by the mountain ranges produces impacts on the ground, 
although these are minor and concentrated at the tops and higher pans of 
the mountains. Under connective conditions, especially in summer, high 
levels of SO; concentrations can be measured near the ground, and it is 
especially under such conditions that secondary valleys play an 
important role in the dispersion of pollutants, as they act as mesoscale 
circulation generators (hillside and valley breeze types). 

AGEOSTROPHIC CIRCULATIONS OVER THE 
AZORES OCEANIC FRONT DURING THE 
SEMAPHORE EXPERIMENT 
H. Giordani, S. Planton and G. Caniaux 
Meteo-France, C.N'RM, 42 ave. Gaspard Coriolis, 31057 Toulouse Cedex. France. 

During the anticyclonic synoptic situations of the SEMAPHORE experiment 
(1993). it has been observed an increase of the wind intensity in the Marine 
Atmospheric Boundary Layer (MABL) from the cold to the warm side of the 
Sea Surface Temperat-ure (SST) front linked to the Azores current. 
The fundamental point is the ageostrophic character of this acceleration, 
therefore the strategy used was to establish the primitive equations for the 
ageostrophic motion in order to analyse its forcing terms. These equations are 
deduced from the conservation of the thermal wind balance which were initial}- 
established by Sawyer-Eliassen (SE) (1963) in the 2D and quasi-geostrophic 
cases. The generalized SE equations (primitive form) allow to establish an ex- 
tension of the Hoskins (1978) form of the vertical velocity which have five 
forcing terms : two thermal and three dynamic forcing terms. Forcing terms 
were computed in the non-hydrostatic model Meso-NH of the CNRM and LA 
laboratories, for the 3D simulation of the 12 November 1993. The results show- 
that the dynamic forcings are the same intensities than the thermal forcings, 
that put highlights the complexity of the MABL structure. On the other hand, 
this approach allowed to show the strong coupling between the flow and the 
turbulent heat fluxes in the first 200 meters above the surface. This layer can 
be assimilated to an internal boundary layer for the dynamic. 

X-RAY DIFFRACTION PHASE IDENTIFICATION OF THE ATMOSPHERIC 
AEROSOL NEAR THE MEDITERRANEAN COAST 

I. MolÜs, C. Delgado, J. Rosel*. and V. Esteve 
Dpto. de QuYmica Inorgßnica y Orgßnica, Universidad Jaume I, Ap. 224. 
E-12080CastellMn. Spain 
♦Dpto. de PsicologYa Bßsica y MetodologYa, Universidad Jaume I 
E-mail: estevev@nuvol.uji.es Fax: 34 64 345747 

Atmospheric aerosol samples were collected near the coast at CastelIMn {a 
Mediterranean Spanish city). During a period of six months between February and 
August of 1992, a daily sample was collected by means a High-volume sampler using 
Whatman GF/A fibre filters as collection media. Samples obtained were studied by 
X-ray powder diffraction, using an X-ray powder diffractometer Siemens D-5000. 
Major and minor phase identification was performed using complete JCPDS database. 
Quartz, calcite, halite, gypsum, illite, vermiculite and other minor phases were 
identified. Time temporal series showing a seven order correlation and a 
predominance of natural origin were find. Authors are grateful to the Fundaci% Caixa 
CastelP/1 for financial support throws the 61383 project. 
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TEST OF MATHEMATICAL SOLVERS FOR CHEMICAL 
MECHANISMS IN 3D-AIR QUALITY MODELS 

F. Müller. K.H. Schlünzen, M. Schatzmann 
Institute of Meteorology, University Hamburg 
frank.mueller@dkrz.de, Fax: +49 (0)40 4117 3350 

Air quality simulations combining the solution of both a system of partial 
differential equations for the corresponding meteorological variables and a 
system of ordinary differential equations (ODE) for the concentration of 
chemical species. In literature one can find numerous studies on the accu- 
racy and on the numerical efficiency of solution algorithms (solver) for 
ODE's. These numerical studies are exclusively performed in zero- 
dimensional (box) models taking into account variations of chemical 
sources/sinks for photolysis rates, emissions, deposition velocities, etc. 
Other processes are not considered which may have also an considerable 
influence on the stiffness of the ODE and, therefore, on the accuracy of 
the solution using a certain solver. To the later group of processes belong 
e.g. the three-dimensional advection and turbulent transport. 
The 3D- , non-hydrostatic air quality model METRAS is employed to 
study the effect of different solvers on the concentration development 
during the TRACT campaign taking into account the whole range of ef- 
fects on species concentrations in the model. Comparisons will be shown 
and results will be discussed in the context of multi-dimensional air quality 
simulations. 

DETERMINATION OF SOURCE ORIGIN OF ATMOSPHERIC 
TOTAL SUSPENDED PARTICLES AND PM10 PEAKS IN A RURAL 
AREA FROM THE WESTERN MEDITERRANEAN BASIN 

X. Querol*, A. Aiastuey*, E. Mantilla**, J.V. MiroS, A. Lopez-Soler*, F. 
Plana* and B. Artiffano## 
* Instituto de Ciencias de la Tierra "Jaume Almera", Barcelona .Spain. 
**CEAM (Valencia), Spain. 
^Generalität VelencianaValencia, Spain. 
## CIEMAT. Avda. Complutense 22. 28040 Madrid, Spain. 

This study focuses on the identification of major paniculate sources and the 
determination of the time variability of TSP and PMI0 levels. It was 
performed in a rural area from NE Spain affected by a large coal-fired 
power plant emissions in order to evaluate the relevance of the natural and 
anthropogenic sources as well as the local or external inputs.The results 
show a marked seasonal trend, which is characterized by particulate levels 
that were higher in spring-summer and decreased progressively towards 
winter. The external particulate inputs affecting this area of the 
Mediterranean basin (mainly Sahara air mass intrusions) account for major 
particulate peaks recorded at the monitoring stations. The influence of the 
emissions from the power plant in the PM10 and TSP levels is evidenced 
only in periods with a low background particulate levels. 

QUANTITATIVE X-RAY DIFFRACTION ANALYSIS AND SIZE 
DISTRIBUTION OF AIRBORNE PARTICULATE 

G. Peris, G. Sanza, J. Carda and V. Esteve 
Dpto. de QuYmica InorgOnica y Orgßnica, Universidad Jaume I, Ap. 224, 
E-12080 Castellan, Spain 
E-mail: estevev@nuvol.uji.es Fax: 34 64 345747 

Atmospheric aerosol samples were collected near the coast at Castellan (a 
Mediterranean Spanish city), during a period of seven months between April and 
December of 1992 using a High-volume sampler equipped with a five stages cascade 
impactor without filters. Samples obtained were studied by X-ray powder diffraction, 
using an X-ray powder diffractometer furnished with a G-i-bel mirror. For each stage, 
major and minor phase identification were performed using JCPDS data base and 
quantitative analyses were performed by the Rietveld, Rius and reference intensity 
ratio (RIR) methods. As major phases, quartz, calcite, halite and gypsum were 
identified and quantified their amounts and their distribution versus particle size. 
Authors are grateful to the Fundaci% Caixa CastelP/4 for financial support throws the 
61383 project. 

MODELLING OF SGvTRANSPORT OVER HIGHLY COMPLEX 
TERRAIN WITH METRAS 

E_. Renner and R. Göldner. A. Münzenberg-St.Denis, W. Schröder 
Institute for Tropospheric Research, Permoserstr. 15, D-04303 Leipzig, Ger- 
many. 
Although 502-pollution has been reduced considerably in the eastern parts of 
Europe in the last couple of years, recent measurements show that it can still be 
an issue in the Erzgebirge in southern Saxony in Germany. In particular when 
high pressure systems occur in winter with southeasterly winds and an inversion 
layer, high SCVconcentrations can be detected. These originate mainly from 
source areas in northern Bohemia and are transported towards the mountain 
ridge. 
Model studies with the mesoscale meteorological model METRAS (e.g. 
Schlünzen, 1990; Schlünzen et al., 1996) coupled with the chemical transport 
model MUSCAT (Knoth and Wolke, 1997) have been performed to investigate 
the 502-situation in the Erzgebirge. Various meteorological conditions have 
been considered where high concentrations were to be expected. The model 
simulations were done with several emission scenarios and emission reduction 
concepts have been studied. The results will be presented in this paper. 

REDISTRIBUTION OF CHEMICAL SPECIES IN 
EQUATORIAL AFRICA DURING BIOMASS BURNING 
EVENTS. 

D.Poulei and S. Cautcnet. 
Laboralotrc de Meteorologie physique ■ UnivcrsitC Blaise Pascal- 
CNRS/OPGC- 24, Avenue des Landals - 63177 AuMcrc - France 
poulet@opgc.«nlv-bpclermont.fr/Fax: 33 (0)473271657. 

During dry season linked to blomass burning occurencc, aircraft 
measurements were achieved over Central Africa (EXPRESSO 
experiment) on November and December 1996. The observations 
have shown the composition of chemical species like NOx, 03, 
CO, H202 were not the same above the forest or savanna covers 
and were very heterogeneous In the boundary layer, The 
redistribution of chemical species is simulated using a three 
dimensional meso-scale model, CSU/RAMS (Regional 
Atmospheric Modeling System) in Its nonhydrostatic version 
coupled with chemical model In gaseous phase. It has been 
Initialised with ECMWF data, two nested grids arc considered In 
order to take into account the dynamics which are associated with 
different vegetal covers during these days where the wind is weak 
at the transition forcst-savana. We show the vegetation breeze 
plays a role in the redistribution of chemical species in forest zone 
which Is in the monsoon flow and retrieve the non homogeneous 
zones of pollutants. 

TRENDS AND SEASONAL VARIATIONS OF THE SUSPENDED 
PARTICULATED MATTER IN SPAIN 

A. Ruafn. L. Gimeno (2) and E. Hemandez(3) 
(1) Deparment of Statistic and Operative Investigation II. Complutense University, 

Campus de Somosaguas, 28223, Madrid, Spain. 
(2) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(3) Deparment of Air Physics. Complutense University, Ciudad Universitaria, 
28040, Madrid, Spain. 
E-mail: fiast069sis.ucm.es 

This study presents the temporal evolution of the Suspended Particulated Matter 

(SPM) concentrations in the six Spanish remote stations belonging to the EMEP 

network. The highest value of SPM is registered in the two stations closer to the 

Mediterranean Sea (La Carruja and Roquetas). It is observed an statistically 

significant negative trend in the SPM concentrations for two stations. Only one 

station (La Cartuja) has an evident seasonal cycle with a peak reached in summer 

and minimum in spring. 
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ANALYSIS CLUSTER CHARACTERIZING SOj AND SULPHATE 
PATTERS IN EUROPE 

A. Ruadl. S. Bourhim(2) and E. Hernandez(2) 
(1) Deparment of Statistic and Operative Investigation II. Complutense University, 

Campus de Somosaguas, 28223, Madrid, Spain. 
(2) Deparment of Air Physics. Complutense University, Ciudad Universitaria, 
28040, Madrid, Spain. 
E-mail: fiast06@sis.ucm.es 

Acid wet and dry deposition have been recognized intemationatilly as one of the 

most important environmental issues. The potential deterioration of ecosystems 

and the harmful impacts on human health produced by this deposition are problems 

that concern goverments seriously. In this study, the annual average (1986-1994) of 

SO» and sulphate have been analyzed for the most importants EMEP stations on 

Europe. The objective is to discover the different patterns for these pollutants. To 

do this we use an analysis cluster, the method used for combining cluster was 

Ward's method with the associated squared Euclidean metric. A cluster solution is 

obtained from an examination of the resultant agglomeration schedule and 

dendogram. 

GEOGRAPHYCAL SOURCES OF SUSPENDED PARTICULATED 
MATTER IN SPAIN 

A. Rüa (I). L. Gimeno (2) and E. Hemandez(3) 
(1) Deparment of Statistic and Operative Investigation II. Complutense 

University, Campus de Somosaguas, 28223, Madrid, Spain. 
(2) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(3) Deparment of Air Physics. Complutense University, Ciudad 
Universitaria, 28040, Madrid, Spain. 
E-mail: fiast06Ssis.ucm.es 

In this study the geographycal sources of suspended particulated matter 

(SPM) in the five Spanish EMEP stations are analyzed. To do this we have 

used the air mass trajectories that arrive to the stations and the CPFs 

(Conditional Probability Functions). Results show that the North of Africa 

as well as industrial regions in the center of Spain are the main sources of 

SPM in Spain. Continental Europe and the British Islands are not main 

sources of SPM. 

TRENDS AND SEASONAL VARIATIONS OF NEU* IN THE Am OF 
SPANISH EMEP STATIONS 

A. RuaCU.L. Gimeno (2), I. Martin (3) and E. Hemandez(3) 
(1) Deparment of Statistic and Operative Investigation II. Complutense University, 

Campus de Somosaguas, 28223, Madrid, Spain. 
(2) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(3) Deparment of Air Physics. Complutense University, Ciudad Universitaria, 
28040, Madrid, Spain. 
E-mail: fiast06Ssis.ucm.es 

This study presents the temporal evolution of NH(* concentrations in the six 

Spanish remote stations belonging to the EMEP network. Roquetas and Logrofto, 

the two stations closer to areas of strong N-compounds emissions, have the highest 

values (0.82 ugm"s for Roquetas and 0.70 ugm"5 for Logrofio). There is a 

statistically significant positive trend for La Cartuja station, an station close to the 

Mediterranean Sea in the Southeast of the Iberian Peninsula. The highest 

concentrations are reached in summer for four stations and in winter for two of 

them. 

4D VARIATIONAL ASSIMILATION OF OZONE DATA WITH 
THE EURAD-CTM 

H. Schmidt, H. Elbern and A. Ebel (Universität zu Köln, Institut für 
Geophysik und Meteorologie, Projekt EURAD, Aachener Str. 201-209, 50931 
Köln, Germany) 

During the last decade large progress has been made in developing the 
technique of four dimensional variational data assimilation mainly in the 
context of meteorolgical forecasting. The method is based on an iteration 
scheme requiring forward and adjoint model runs to create a set of initial 
values, which is consistent with measurements distributed in time, for a 
subsequent forecast run. 
In the fietd of chemistry transport modeling, the choice of correct initial or 
boundary values has attracted much less attention until now, though it is 
known that an inappropriate choice may severely reduce the simulation skill. 
In this study for the first time the 4D-Var technique is applied to a com- 
prehensive tropospheric chemistry transport model (EURAD). We introduce 
the massively parallel adjoint version of the CTM (which is necessary to 
cope with the high computational expenditure) and present first experiments 
with synthetically generated ozone data that show the method's capability 
of significantly improving the simulation. Additionally, the adjoint model is 
shown to be a highly suitable tool for the purposes of sensitivity analyses. 

GEOGRAPHYCAL SOURCES OF NH4
+ IN SPAIN 

A.Rua(l). L. Gimeno (2), I. Martin (3) andE. Hernandez (3) 
(1) Deparment of Statistic and Operative Investigation II. Complutense 

University, Campus de Somosaguas, 28223, Madrid, Spain. 
(2) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(3) Deparment of Air Physics. Complutense University, Ciudad 
Universitaria, 28040, Madrid, Spain. 
E-mail: fiast06@sis.ucm.es 

In this study we analyzed the geographycal sources of NH4* for the five 

Spanish EMEP stations. To do this we use the air mass trajectories 

reaching these stations and the CPFs (Conditional Probability Functions). 

The Iberian Peninsula is an intermediate or high source for most of the 

stations. Something similar happens for Continental Europe. The Atlantic 

Ocean and the British Islands are low or very low sources of NH/ for all 

the stations. 

A CASE STUDY WITH MESO-SCALE TRANSPORT OF OZONE TO THE 
ALPINE SITE AT JUNGFRAUJOCH DURING FREETEX '96 

E. Schuepbach (1), S. S. Liebennann (1). D. Lehmann (1), P. S. Monks (2), P. Zanis 
(1), S. A Penkett (3), D. Schneller (4), and B. Buchmann (5) 
(1) CABO, Physical Geography, University of Berne, Berne, Switzerland 
(2) School of Chemistry, University of Leicester, Leicester, U.K. 
(3) School of Environmental Sciences, University of East Anglia, Norwich, U.K. 
(4) Swiss Meteorological Institute Payeme, Switzerland 
(5) EMRA, Duebendorf, Switzerland 

A FREE Tropospheric Experiment (FREETEX) was carried out at Jungfraujoch 
(07°59' E / 46°32' N / 3,580 m asl) in Switzerland from April to May 1996 with the 
aim to study both in-situ photochemistry and transport at the alpine site. Peroxy radical 
measurements showed a noisy signal on 20 April due to fluctuation of the background 
signal, which was possibly associated with the advection «f air masses with different 
characteristics. The ozone, CO, and specific humidity data, and the good positive 
correlation between them, confirmed this interpretation and suggested advection of 
moist, ozone-rich air. Mesoscale 3-D back-trajectories using Trajek (originally 
developed by the German Weather Service) were calculated, based on 1-hourly forecast 
data from the mesoscale operational weather forecasting model in Switzerland (Swiss 
Model). These provide evidence for the upward transport of ozone from the North Italy 
region to the Jungfraujoch within 48 hrs. 
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TROPOSPHERIC AEROSOL AT THREE MEDITERRANEAN SITES: 
ELEMENTAL COMPOSITION OF FINE AIRBORNE PARTICIPATE 

G. Sanza, C. Delgado, J. Carda and V. Esteve 
Dplo. de QuYmica Inorgßnica y Orgßnica, Universidad Jaume I, Ap. 224, 
E-12080 Castellan, Spain 
E-mail: estevev@nuvol.uji.es   Fax: 34 64 345747 

Atmospheric aerosol samples were collected using a portable three stages cascade 
impactor sampler at three sampling sites (Bartolo Mount, 729 m and 400 m and the 
University Campus, 30 m height) in CastelMn (a Mediterranean Spanish city), during 
a period of three months from May to July of 1996. Individual particle analysis of 
samples obtained was performed by a Scanning Electron Microscope equipped with an 
energy dispersive X-ray spectrometer (SEM/EDX), directly on the collection stages. 
The main goal of this work was to determine chemical composition and origin of the 
fine aerosol particles (0.1 ? 2.0 mm) in three different sites where there was a special 
interest to know the air quality condition. Following elements were found: Na, Mg, Al, 
Si, S, Cl, K, Ca, Fe, Zn and Ba. Several groups of particles according their chemical 
composition were created and its natural or anthropogenic origin determined. Authors 
are grateful to the FundaciK Caixa Castell5i for financial support throws the 61383 
project. 

EMISSION REDUCTION SCENARIOS ON DIFFERENT HOR- 
IZONTAL SCALES AND ITS IMPACT ON PHOTO-OXIDANT 
FORMATION 

J. Tippke (1), M. Memmesheimer (1), H. J. Jakobs (1), A. Ebel (1), A. 
Graff (2), G. B. Motz (3) and A. Hartmann (4) 
(1) EURAD, Universität zu Köln, (2) Umweltbundesamt, Berlin, (3) Prognos 
AG, Basel, (4) Inst. f. Verbundwerkstoffe GmbH, Universität Kaiserslautern. 

In order to examine the effects of different realistic emission reduction see- • 
narios on different horizontal scales on the photo-oxidant-formation the Eule- 
rian EURAD-Modeling-System has been applied to an episode in July/August 
1994. The nesting capabilities of the mesoscale EURAD-model allowed for an 
investigation on the European (27x27 km2 gridsize), the regional (eastern part 
of Germany, 9x9 km2) and the local scale (federal state of Sachsen, 3x3 km-). 
Orographic effects on resulting ozone levels on account of channeling of wind by 
the upper Elbe valley are clearly visible. Furthermore effects of a high resolu- 
tion landuse data set result in strong responses in meteorological fields such as 
high temperatures during night times over urban areas. Comparisons of model 
results with observations show a good agreement for all three horizontal scales 
considered. In order to determine the effectiveness of the different scenarios, 
a gridhour-analysis has been performed for ozone, an integrative method for 
Valuating longer time intervals. The emissions scenarios for the local modeling 
domain have been prepared by the Prognos AG, Basel. The research project 
was initiated and coordinated by the Umweltbundesamt, Berlin. 

THE SEA BREEZE IN THE SOUTH OF PORTUGAL: OBSERVATIONS AND 
NUMERICAL RESULTS 

Pedro M. M; Soares(l), Pedro M. A. Miranda(l) and Carla S. F. Barroso(l) 
(1) Centra de Geofi'sica, University of Lisbon, R. EscolaPolitecnica 58,1250 Lisboa, 
PORTUGAL, psoares@fc.ul.pt 

It has long been recognised that land and sea contrasts produce sea breezes. More 
recently, it has become evident that other surface contrasts, like the presence of lakes 
and irrigated areas, may generate mesoscale circulations as strong as the sea breeze. In 
the last two years two field experiments were made to better characterise the sea 
breeze circulation in the South Coast of Portugal, in the perspective of its impact in 
coastal dispersion. The campaigns included 2 weeks of measurements during the 
summer, with a number of surface stations and regular release of radiosondes. The 
analysis of the observational data also included information from all automatic 
weatherstations in the area. While results showed the expected diurnal cycle of the sea 
breeze in stations where the near coast is linear, they have also revealed the 
importance of local orography and coastal irregularity in the shaping of the temporal 
hodograph of low level wind. Data from inland stations was used to compute the sea 
breeze penetration in land and the inland velocity. The principal goal of this study was 
to achieve an experimental confirmation of model predictions for this type of 
circulations, in the case of complex mesoscale interactions between the sea breeze, 
coast orography, lake breezes and finally in consequence of coast irregularity. Using 
the observed atmospheric profiles, a number of numerical simulations were performed, 
using the NH3D mesoscale model (Miranda and James 1992) coupled with the soil 
ISBA model (Noilhan and Planton 1989), which are used to perform a detailed 
analysis of the coastal circulation and to identify the main mechanisms involved in its 
forcing. 

3D mesoscale Simulation over Pant agglomeration 

F.Troude (I), E.Dupont(l), B.Carisstmo(l) and A.I.FIossmann(2) 
(1) Elecrricite de France, direction del Etudes et Recherches, 6 quai Warier, 78401 
Chatou, France. (2) LAMP/OPGC, Universite Blaise Pascal. 24, avenue des landais, 63177 
Aubiete Cedcx. France. 
florcnce.troude@der.edfgdf.fr 

Paris topography is very gentle (it doesn't exceed 220m) and the city is located sufficiently 
far from the sea not to feel the coastal circulation. Thus,, terrain and thermallv forced 
mesoscale circulations are very weak. Nevertheless, it is subject to strong pollution 
episodes, in very calm meteorological conditions, both in winter and summer. 
ECLAP (French acronym for «Etude de la Couche Limite dans l'Agglomeration 
Parisienne), a joined EDF (Elecricite de France) and CNRS (Centre National de 
Recherche Scienrifjque) experiment, took place over Paris area during the 1994-93 winter. 
In addition to the operational meteorological network, the campaign had partkuhrlv 
documented 2 sites (urban vs. rural) using sodar, lidar. radio.soundings, instrumental masts 
and surface measurements. Its objectives were threefold: an intcr-instrumental 
comparison, a study of the diurnal cycle boundary layer at rural vs. urban locations and to 
provide a documented data base to carry out 3D simulations. 
Wc present here the last pan of the experiment: some numerical simulations of two davs 
of the ECLAP campaign. Both days were anricydonic situation, with weak synoptic wind 
(2 to 5 m/s) but they are very different regarding to the wind direction, the surface and 
synoptic inversions strength and the cloud cover. 
Wc have used the 3D non-hydrostatic model MERCURE (EDF). First ID Mcrcure 
model simulations of the radiosonde data have been performed to define the 
meteorological initialization and the synoptic reference slate of our 3D modelisarion (the 
only adjustment made was on the fractional cloudiness and the aerosol profile in order to 
obtain the correct incoming solar radiation). Then 3D simulations have been conducted. 
We have compared the meteorological fields simulated with the data collected during the 
campaign. Our satisfying results allow us to consider a passive tracer (CO) evolution 
during the both days which concentration is known from data emission available. 

EVIDENCE FOR MESOSCALE INFLUENCE ON LONG-RANGE 
DISPERSION 

J. H. Sorensen (1), A. Rasmussen (1), T. Ellermann (2) and E. Lyck (2) 
(1) Danish Meteorological Institute (DMI), Lyngbyvej 100, DK-2100 Copen- 
hagen 0, Denmark, (2) National Environmental Research Institute (NERI), 
Frederiksborgvej 399, DK-4000 Roskilde, Denmark. 
jhs«dmi.dk/Fax: [+45] 39 15 74 60 

During the first European Tracer Experiment (ETEX) tracer gas was released 
from a site in Brittany, France, and subsequently observed over a range of 
2000 kilometer's. Hourly measurements were taken at the National Environ- 
mental Research Institute (NERI) located at Riso, Denmark, using two mea- 
surement techniques. At this location, the observed concentration time series 
shows a double-peak structure occurring between two and three days after the 
release. By using the Danish Emergency Response Model of the Atmosphere 
(DERMA), which is developed at the Danish Meteorological Institute (DMI). 
simulations have been performed of the dispersion of the tracer gas. Using nu- 
merical weather-prediction data from the European Centre for Medium-Range 
Weather Forecast (ECMVVF) by DERMA, the arrival time of the tracer is 
quite well predicted as well as the duration of the passage of the plume, but 
the double-peak structure is not reproduced. However, using higher-resolution 
data from the DMI version of the High Resolution Limited Area Model (DMI- 
HIRLAM), DERMA reproduces the observed structure very well. The double- 
peak structure is caused by the influence of a mesoscale anti-cyclonic eddy on 
the tracer gas plume about one day earlier. 

A CASE OF PHOTOOXIDANT PLUME MODELLING OVER 
PARIS AREA 

P. Tulet, R. Rosset and V. Crassier 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14. Ave. E. Belin, F-31400 
Toulouse. 

Being a secondary pollutant, ozone is not formed right over the source area 
of its precursors. The result is that ozone maxima are to be found in rural 
areas, largely undocumented. In this connection, numerical modeling appears 
as a unique potential tool for tracing ozone distribution even in station-devoid 
areas and for 3D modeling gives unique informations ozone distributions and 
pollutant species transport in the vertical. In the following, taking advantage 
of measurements collected at further rural stations operated in the large Paris 
region, a comparison is made between these experimental results and numerical 
simulations performed with MESO-NH-C (mesoscale non hydrostatic chemistry 
model), mainly in terms of the location and intensity of ozone maxima during 
a four day pollution episode in July 1996. 
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TRANSPORT OF OZONE AND PRECURSORS TOWARDS THE ALPS - 
RESULTS OF A TWO-YEAR MODEL STUDY 

G. Wotawa. H. Kroeger and P. Seibert (Universitär filer Bodenkultur, Institut fuer 
Meteorologie und Physik, Tuerkenschanzstrasse 18, A-1180 Vienna, Austria) 

The investigation of synoptic scale transport of ozone and precursors;towards the 
Alpine region is one of the objectives of the EC research project VOTA^'P ending in 
1998. Transport simulations are done for two complete summer half^ears (1995, 
1996), using a Lagrangian photochemical box model, the IMPO model: The back 
trajectories and meteorological data used by the IMPO model are based on the data 
of the ECMWF weather prediction model supplemented by observations from 
meteorological stations all over Europe. Chemical reactions are simulated with the 
CBM-IV mechanism. The following main questions are treated: First, the origin of 
air masses reaching the Alpine region is investigated statistically. Second, areas 
particularly important for the ozone levels in the Alps are identified by investigating 
pathways associated with very high pollutant concentrations and by means of 
trajectory statistics. Third, it is tried to quantify what amount of ozone is formed 
during the transport of pollutants from the European emission areas to the Alps. The 
validity of all conclusions drawn from the model calculations is demonstrated using 
representative measurements from background stations. 

OA12        Extreme    weather    events    in    the 
Mediterranean 

Convener: Prodi, F. 
Co-Convener: Eidelman, A.E. 

AN INTEGRATED FORECAST SYSTEM OVER THE MEDITER- 
RANEAN BASIN: EXTREME SURGE PREDICTION IN THE 
NORTHERN ADRIATIC SEA 

Andrea Bargagli, Adriana Carillo, Annarita Mariotti, Giovanna Pisacane. 
Paolo Michele Ruti and Maria Vittoria Struglia 
ENEA-Italy.. 

A previsional system has been designed and tested in order to forecast the state 
of the Mediterranean Sea and surges in the Northern Adriatic Sea. The system 
consists of a Limited Area Model (BOLAM), which computes high resolution 
pressure and surface wind fields, to serve as the input of a Wave Model (WAM) 
and of a shallow water model (POM-2D). Here we present the results of a case 
study which was designed to test the ability of the system to predict extreme 
surge events originating from cyclonic circulation over Italy. During November 
1996 several surge events occurred in the Northern Adriatic Sea. The highest 
levels were reached in the period from the 15th to the 20th, wh.ith one event 
that was among the strongest surges in the last 30 years. Nested simulations 
have been performed with the LAM for some of the mentioned cases, going from 
30 km to 10 km resolution; the highest resolution wind field forces the WAM 
integration, while the pressure field, together with the wind stress computed by 
WAM, forces the POM. We show intercomparisons between the surface fields 
predicted by BOLAM, the ECMWF analysis fields and SYNOP data, while 
our prediction of the state of the sea will be validated with buoy data. We then 
compare our prediction for the free surface elevation at the entrances of the 
Lagoon of Venice with in situ data. 

HOURLY RAINFALL STOCHASTIC GENERATION 
TION ON FRENCH MEDITERRANEAN SEABOARD. 

APPLICA- 

P. Arnaud'", S. Picard"'2', J. Lavabre'", A. Douguedroit(2) 

(1) Cemagref, Le Tholonet, B.P. 31, 13612 Aix-en-Provence, (2) Institut de 
Geographie et CAGEP, 29 avenue Robert Schuman,   13621   Aix-en- 
Provence. 
sebastien.picard@cemagref.fr / Fax : 334 42 66 99 58 

Extreme rainfall events in the Mediterranean often result in dramatic floods. 
A stochastic model for generating hyetographs has been developed and 
tested from about fifty raingauges located on French Mediterranean sea- 
board. This model generates hourly rainfall events on very long periods. 
Owing to the period's length, it can generate extreme rainfall events of very 
long return periods. Results obtained show that this model is really efficient 
and solid. A regional parameterisation has been designed, based on four pa- 
rameters, provided by daily rainfall information. This parameterisation al- 
lows to reduce problems caused by hourly rainfall data samples, and requires 
only daily rainfall data, more easily available than hourly data. The region- 
alized model does not induce additional bias as the base line model does. 
Daily rainfall information will be used to make a regional parameter cartog- 
raphy of hourly rainfall model, through a rainfall-topography correlation and 
a Digital Elevation Model in a GIS. 

SEVERE FLOOD EVENTS IN CENTRAL EUROPE: A COMPAR- 
ISON BETWEEN SATELLITE-DERIVED RAIN RATES AND 
RADAR MEASUREMENTS 

P. Bauer, B. Driien, L. Schanz and J. Schulz 
Deutsches Zentrum für Luft- und Raumfahrt, Köln, D-51170 Germany. 
Lars.Schanz«dlr.de/Fax: [+49] 2203-68309 

The analysis of severe flood events is the major topic of the EU-project "Satel- 
lite and combined satellite-radar techniques in meteorological forecasting for 
flood events" (MEFFE). It aims at a better understanding of those weather 
systems and a more reliable prediction of flash floods. 
In this study a precipitation algorithm based on three-dimensional radia- 
tive transfer simulations for the frequencies of the "Special Sensor Mi- 
crowave/Imager" (SSM/I) and the "Atmospheric Temperature Sounder" 
(SSM/T2) has been used to determine the rainfall amount Over central Eu- 
rope. The satellite estimates have been compared to radar data gained by the 
Institute of Applied Systems Technology Joanneum Research in the vicinity of 
Graz, Austria. The results of the comparison give some confidence that satellite- 
derived rainfall distributions over the central parts of Europe are sufficient for 
quantitatively monitoring of flood events. 
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Dust transport aero» the Mediterranean basin and simultaneous abrupt 
change In the free troposphere trace gases behaviour 

P. Bonasoni (I), V. Bonaft (1), F.Calznlari (2), T.Colomhn (3), F. Evangelist! 
(II, RXenaz, (4l, R.Santaguida (.*), O.Teri (5) 

ID CNR ■ MSB AT, Bologna. Italy 
12) PAO, Bologna, Italy 
13) ITAV.AM,Se«tula, Italy 
(4) CN8 - IfiM, Bologna, Italy 
(5) DS - UMF1, Flrente, Italy 

During lout measurement years (I99I-I9M4) 26 dust transport episodes who« 
origin can be referred w desert areas in Africa were recorded ai Mt Cimone (44' 12' 
N. ID"42' E, 2165 m asl) I [he highest baseline mountain site in the Northern Italian 
Apennines. Given its location in the Mediterranean region the site is favourable to 
study the long-range transport oftropospheric air masses particularly those coming 
from North Africa area. 
On uvcrage. 6 transports per year were registered, with an average duration of 2.4 
days per transport. Some of these episodes were of remarkable intensity both for the 
duration and lor the concentration of ueolian dust. They were associated with a 
significant change in mclco-climatic conditions: tettiperatures increased, visibility 
decreased aiul dust was deposited on snow-covered or icy surfaces, with n 
consequent reduction of albedo. 
During 14 transport episodes, of the 26 recorded, the ozone concentration decreased 
noticeably In particular from 6* to 9* March 1991 an extreme üaharan desert dust 
transport occurred. In these {lays a clear reduction of surface ozone concentration 
and a modification in CO} hehaviour were detected. A case study of this event 
regarding the u/one and CO; concentrations U presented. 

Objective Climatology of Cyclones In the Mediterranean Region 

Trigo. I. F. T. D. Davies and G. R. Bigg (Environmental School, University of East 
Anglia, Norwich) 

An objective cyclone detection and tracking analysis is performed over an 18-year 
period, for the Mediterranean Basin. The high resolution ECMWF data used in this 
study proved to be particularly useful to simplify the detection and tracking 
techniques and to identify sub-synoptic scale Mediterranean lows, often under- 
estimated in previous studies. 
The major characteristics of Mediterranean cyclones are examined and compared 
with other Northern Hemisphere depressions. Both cyclogenesis and cyclolysis 
regions are identified in the domain of study. In addition, characteristics of 
Mediterranean depressions are shown to be quite variable for different formation 
areas. 
Finally, a statistical analysis based on a k-means clustering procedure summarises 
trajectory information obtained from the 18-year climatology. The method proved to 
be efficient in grouping cyclone paths from similar cyclogenetic regions and with 
similar characteristics of movement. 

A MODEL FOR DYNAMIC EXPLANATION OF SOME DUST EVENTS 

G.I. Bürde 
J.Blaustein Inst, for Desert Research, Ben-Gurion University, Sede-Boker, Israel 
georg@bgumail.bgu.ac.il/Fax: 972-7-6596704 

A mechanism for sudden release of large amounts of airborne particles from dust- 
laden atmospheric streams is suggested. It is destined to explain a special kind of dust 
storm (sharp increase of airborne particles concentration in the air) which is not 
accompanied by strong winds or other sharp changes in weather conditions. 
Seemingly, in such a case the airborne particles are not raised by winds from the 
earth's surface but suddenly fall out from the high level streams originating from 
source regions. The mechanism is based on an analytical model linking the 
phenomenon of the spontaneous airborne particles fallout with an instability of the 
dust-laden stream. The nonlinear stage of the instability represents concentration 
waves with an envelope in the form of solitary waves (solutions) propagating 
downwards from the stream. Some confirmations of the theory can be found in the 
literature concerning dust events in the Mediterranean. 

EXTREME ATMOSPHERIC EVENTS FORMATION DUE TO HELICAL 
TURBULENCE AND ITS LABORATORY SIMULATION 

A. Eidelman. E. Golbraikh 
Ben-Gurion University, Beer-Sheva 
eidel@bgumail.bgu.ac.iI/Fax:+972-7-6280-467 

Recent studies have revealed the determining role of helicity H in the formation of 
turbulence modes in flows under constraints of various physical nature - under the 
action of Coriolis, buoyancy, shear, Joule forces. Spectral slope -7/3 corresponding to 
the helicity transfer rate dH/dt as the determining parameter is observed in wind 
spectra, in magnetohydrodynamic turbulence, etc. Important features of helical 
turbulence arising under the action of these factors are inverse energy transfer and a 
decrease in vortical viscosity described by the model and observed in experiments. 
Transfer of small-scale disturbances energy into larger ones, which are long-living 
due to a decrease in vortical viscosity, leads to the formation of localized velocity 
fluctuations. Laboratory simulation of atmospheric turbulence shows that with 
increasing constraint, helical turbulence becomes intermittent. In this mode, intense 
velocity fluctuations generate a flow characterized by a velocity spectrum with a 
slope close to -4. In case of extreme atmospheric events, intermittence and spectra 
with a similar slope are also observed. The generality of these manifestations is 
considered as a result of helical turbulence rearrangement under the action of forcing. 

MESOSCALE AND SYNOPTIC CONDITIONS RELATED TO THE 30 
SEPTEMBER 1997 FLASH FLOOD IN ALICANTE (SPAIN) 

L. Cana(l), L. Gimeno(2), E. Hemandez(3), R. Garcia(3), J.Diaz(4) 

1. Physics Department. ULPGC 
2. Physics Department. Campus de Orense. Universidad de Vigo 
3. Catedra de Fisica del Aire. Universidad Complutense de Madrid 
4. C.U.S.P. Universidad Autonoma de Madrid 

On 30 September 1997, a flash flood was registered in Alicante, placed at the SE 
Mediterranean coast of Spain. With 260 mm of precipitation in just 6 hours, the storm 
caused several loses in human lives. The development of a Mesoscale Convective 
System (MCS) started when a warm and moist air mass coming from the 
Mediterranean Sea mixed with a prefrontal zone related to a strong low-pressure 
system placed at the SW of the Iberian Peninsula. In order to show the conditions 
related to this development, the Skew T- Log P plot, IR and Visible NOAA images as 
well as the different charts for the standard pressure levels and other features of the 
mesoscale environment are shown. 

A CASE OF DEEP CYCLONE ASSOCIATED TO EXTREME 
WEATHER IN THE MEDITERRANEAN 

C. Estarellas. A. Jansä, A. Genovis, J. Campins, M. A. Picornell 
Institute Nacional de Meteorologfa, Centra Meteorologico Territorial 
de Baleares, Palma de Mallorca, Spain. 
Estarellas.pma@inm.es 

On the 6th October 1996 a deep cyclone formed in the Western 
Mediterranean and severe weather conditions took place in a 
widespread area. Heavy precipitation led to rainfall amounts of 104 
mm in Sardinia, 72 mm in Mallorca and 67 mm in Corsica, on the 6th, 
and 96 mm in Mallorca on the 7th. Gale force winds were recorded on 
land sites, but it seems that the maximum wind speed occurred on the 
sea, where wave heights up to 7 m were measured. 
Satellite imagery and grid fields from HIRLAM-INM are used to 
make a diagnosis of the event. Effort is put to analyse the 
contributions of the forcing factors leading to cyclogenesis and to the 
occurrence of extreme weather. 
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ROLE OF PARAMETERIZED  MOISTURE EFFECTS IN THE 
DEVELOPMENT OF MESOSCALE VORTICES 

M. Fantini 
FISBAT-CNR, Bologna, Italy. 

Numerical simulations of baroclinic cyclones in idealized conditions are per- 
formed with a primitive equation model formulated by the author and recently 
presented in the literature. The parameterization of moisture effects as a re- 
duced static stability is modified to apply only in saturated air, rather than in 
all ascending air as was previously done. Integration of an equation for moisture 
allows us to relax the assumption that ascending air is always saturated, and 
therefore to study baroclinic development in a more structured environment. 
Specifically, a situation in which moisture is confined to the. lowest part of 
the troposphere is shown to give rise to short baroclinic -modes';'which may 
constitute a 'seed' perturbation for the formation of intense warm-core cyclones, 
energetically maintained by heat and moisture fluxes at the air-sea interface. 

EXTREME PRECIPITATION EVENTS IN SPAIN 

L.Gimeno(l), A.Rua(2), T. Rodriguez(1), 
M. Tesouro(l) 
(1) Facultad de Ciencias de Örense, Univeridad de 
Vigo, (2) Departamento de Estadistica, Universidad 
Complutense de Madrid./Fax 34 88 387159 

In this study we analyze the meteorological 
patterns that produced the strongest precipitation 
in fifty different meteorological stations around 
Spain in the last 20 years. The objective is to 
know spatial differences inside Spain respect to 
the kind of meteorological patterns producing 
strong precipitations. Results show that 
mesoescale phenomena are the dominant type of 
pattern in the Mediterranean regions while 
synoptic phenomena become more important when we 
study extreme precipitation events in the North or 
Northwestern Spain. 

I 

HEAVY PRECIPITATION ALONG THE SOUTHERN RIM OF 
THE ALPS: A CLIMATOLOGY FROM HIGH-RESOLUTION 
RAIN-GAUGE DATA 

Christoph Frei and Christoph Schär 
Institute for Atmospheric Science ETH, CH-8093 Zürich, Switzerland. 
freiCatmos.umnw.ethz.eh/Fax: [41] 1 633 2756 

The southern rim of the Alpine ridge is particularly prone to events of heavy 
precipitation. The high occurrence is related to the influence from character- 
istic Mediterranean weather systems and the prominence of strong orographic 
effects. We present climatologicäl results describing the spatial, seasonal and 
interannual variations of heavy precipitation in this region. The climatology is 
based on a unique database of daily observations at 7000 rain-gauge stations. 
The data was compiled from the operational high-resolution networks of all 
Alpine countries and covers the period 1971-1996. It is the first of its kind 
available in digital form. 
Enhanced activity of heavy precipitation is found at three localized patches 
along the southern Alpine rim, where the local topographic environment and 
the proximity to the Mediterranean sea favours topographic channeling and 
moisture advection. During summer heavy events are more confined to the im- 
mediate topographic rim. Maximum occurrence is found during the autumn 
season, when enhanced activity also affects adjacent flatland areas. The re- 
sults highlight characteristic differences in the interannual variations between 
convective events in summer and synoptically controlled events in autumn. 

ANALYSIS OF THE HIRLAM PREDICTION FOR THE 30 SEPTEMBER 1997 
FLASH FLOOD IN SPAIN 

L. Gimeno( 1), L. Cana (2), E. Hernandez(3), R. Garcia(3), J.Diaz(4) 

1. Physics Department. Campus de Orense. Universidad de Vigo 
2. Physics Department. ULPGC 
3. Catedra de Fisica del Aire. Universidad Complutense de Madrid 
4. C.U.S.P. Universidad Autonoma de Madrid 

The Spanish Meteorological Institute (INM) is a partner of the HIRLAM project 
(HIRLAM system version 2 currently running for the short-range forecasting). Based 
on the case study of the 30 September 1997 flash flood, we analyse several output 
fields (wind, temperature, humidity, total amount of precipitation,...) to check the 
performances of the HIRLAM. The model prediction presented a good agreement with 
the phenomenon we are dealing with, depicting clearly the high intensity precipitation 
areas, although the model underestimated the total amount of precipitation registered. 

EXTREME HIND EVENTS IN SPAIN 

L.Gimeno(l), A.Rua(2), M. Gomez(1), R. Olalla(l) 

(1) Facultad de Ciencias de Orense, Univeridad de 
Vigo, (2) Departamento de Estadistica, Universidad 
Complutense de Madrid./Fax 34 88 387159 

Extreme winds could be due to very different 
meteorological patterns. In this study we selected 
those days in which winds were maximum in fifty 
different meteorological stations around Spain in 
the last 20 years. Our objective was to know which 
meteorological pattern was responsible for these 
extreme wind events for the 50 stations and to 
compare these situations with an special emphasis 
to events happened in the Mediterranean area. 

ON THE CHARACTER OF TURBULENT ENERCY REDISTRIBUTION IN 
HELICAL FLOWS 

E. Golbraikh (I), O.G. Chkhetiani (2), S.S. Moiseev (2), A. Eidelman (1) and H. 
Branover(l) 
(I) Ben-Gurion University, Beer-Sheva, (2) Space Research Institute, Moscow 
eidel@bgumail.bgu.ac.il/Fax: +972-7-6280-467 

We have studied the instability of helical turbulent flows under the action of weak 
large-scale inhomogeneous disturbances. It is shown that helicity increases the 
effective time of turbulence relaxation and causes an inverse transfer of the kinetic 
energy from small-scale disturbances to large-scale ones. 
Instability condition for different modes in the presence of an external magnetic field 
is of the followinf form: 
1/2 UKl-'»Ncos29/k<,

2vll)"
2] < k < 1/2 WKMNCOS^/K^VH)"

2
] 

where k„ = TC/V„, C is an average one-point helicity, x is the relaxation lime inversely 
proportional to the magnetic field value, vH is turbulent viscosity, N is Stuart number, 
ft is the angle between the wave vector and the magnetic field. 
Thus, energy redistribution occurs not only between components, but also between 
different modes of the same direction. The obtained results well agree with the results 
of atmospheric observations and laboratory MHD experiments. 
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TURBULENCE IN THE WAKE AND VORTEX QUASI-PARTICLES 

B. Goldbaum (1), A. Eidelman (1), H. Branover (1) and S.S. Moiseev (2) 
(1) Ben-Gurion University, Beer-Sheva, (2) Space Research Institute, Moscow 
eidel@bgumail.bgu.ac.il/Fax: 972-7-6280467 

At the overflow of uneven terrains, large-scale disturbances are generated against the 
background of helical turbulence that possesses similar properties in atmospheric and 
magnetohydrodynamic flows. To model such disturbances, we have studied the 
behavior of the wake behind a cylinder in mercury under the magnetic field. Under a 
low constraint, vortex rows in the Karman street diverge. Under an increasing 
constraint they converge, and the downstream decrease in turbulence energy is 
stopped. We have singled out components of various scales: large-scale structure, 
average-scale vortices, small-scale turbulence. We introduce the notion of structure 
as a long-range order of a turbulence ensemble. We also introduce the notion of 
vortex as consisting of the core and the surface region between the core and the 
medium. Under a growing constraint, the development of such a region leads to a 
significant decrease in vortex dissipation. On the whole, we have revealed that 
average-scale vortices in helical turbulence represent well-defined quasi-particles - 
they are long-living. 

ON THE MARCH 1987 EXTREME COLD OUTBREAK OVER THE CREEK 
PENINSULA 

K. Layouvardm V. Kotroni, and G. Kallos 
Meteorology Laboratory, University of Athens, Greece 
lagouvar@etesian.dap.uoa.gr 

In the frame of this study the detailed description of an extreme cold surge that 
occurred on 3-!3 March 1987, over Greece, is performed. This event has been ranged 
as the worst snowfall over the last 100 years and due to its severity and persistence it 
paralysed the economic and communal life of Greece for several days. Emphasis is 
given on the initiation phase of this event. The structural evolution of the cold surge is 
analysed using both observations and model results. Model simulations, have been 
performed with the Colorado State University - Regional Atmospheric Modelling 
System (CSU-RAMS). The model results permitted to diagnose the mesoscale 
structure of the cold outbreak as well as its vertical structure. 

Different mechanisms involved in the structural evolution of the cold surge are 
investigated. The gustiness of the observed winds and their important departure from 
geostrophy are related to the role of an important isallobaric wind. The progression of 
this surge presented characteristics of a density current, while near the eastern slopes 
of the mountain barriers of Continental Greece, cold-air damming occurred leading to 
an accelerated flow parallel to the mountains. 

NUMERICAL SIMULATION OF POSSIBLE EXTREME EVENTS DUE TO 
OROGRAPHY AT CYPRUS 

I.G. Granberg 
Institute of Atmospheric Physics 
+095-953-21-58 

RAS, Moscow igran@atm.phys.msu.su/Fax: 

For mesoscale processes within the range 50-1000km, horizontal advective changes in 
density are small in comparison with vertical ones and anelastic condition is valid. 
This allows us to reduce the system of equations describing the three-dimensional 
problem of a stratified field motion over an arbitrary relief to a form suitable for 
calculation of the flow over Cyprus island. An analysis of real data two shows that 
there are two of the most typical synoptic processes for Cyprus are West-to-East and 
South-to-North wind advections. The computed overflow pattern corresponds to the 
general influence of Cyprus mountains on atmospheric flow, which is also apparent 
from comparison with map of precipatation distribution. The analysis of vertical 
sections shows that in the presence of a tendency to overflowing the principal Cyprus 
mountains. Troodos and Macheras, from the South, the formation of "blocking" zones 
is possible. The admixtures from anthropogenic pollution sources may be accumulated 
in these zones. The zones of the highest ruggedness of the flow surface approximately 
correspond to maximum precipitation zones, where strong rains may occure The 
calculations for the Zygi region reveals a possibility of stagnant (weakly aerated) 
zones arising to the South of the Profitis Elias ridge. The zones of "sinking" flow may 
arise between mountains according to initial conditions. It points to the fact that even 
purely hydrodynamic modelling of the overflow of different mountains regions of 
Cyprus may supply information both on the sites of deceleration of external flow, 
(where the development of urban infrastructure and energy industry is undesirable). 

AIR-SEA FLUXES DURING THE DEVELOPMENT OF A 
MEDITERRANEAN CYCLONE 

Piero Lionello (1), Piero Malguzzi (2) and Antonella Sanna (3) 
(1) Dep. of Physics, Univ. of Padua, Italy, (2) FISBAT-CXR, Bologna, Italy, 
(3) Dep. of Physics, Univ. of Padua, Italy. 

A tri-modular model of the coupled atmosphere-sea system (called MIAO) has 
been developed and implemented in the Mediterranean Sea. The model consists 
of the meteorological limited area model BOLAM, the coastal ocean circulation 
model POM, and the ocean wave model WAM. The three models are coupled 
because the sea surface temperature computed by POM and the sea surface 
roughness" computed by WAM are used by BOLAM which, in turn, computes 
the surface fluxes that force both POM and WAM. Consequently, the MIAO 
model computes the air-sea fluxes, accounting for the feedbacks of the sea on 
the atmosphere. The role played by heat and momentum fluxes during a case 
of cyclogenesis in the western Mediterranean (6-8 October 1996) is discussed. It 
is shown that the effect of the coupling is to diminish the cyclone intensity, by 
reducing the sea surface temperature and. consequently, the surface heat fluxes. 
This attenuation compensates the overprediction of the cyclone strength by the 
uncoupled computation, and favourably compares with the observations. 

OBSERVATIONAL AND MODEL ANALYSIS OF A SEVERE FLOODING 
EVENT OVER GREECE 

V. Kotroni (M, K. Lagouvardos (1), G. Kallos (1), and D. Ziakopoulos (2) 
(1) Meteorology Laboratory. University of Athens, Greece (2) Hellenic National 
Meteorological Service. 
kotroni@etesian.dap.uoa.gr 

On 11 and 12 January 1997, a major precipitation event occurred over the Eastern 
Mediterranean and especially over Southern Greece. Heavy precipitation (more than 
300 mm of accumulated rain within 24 h) provoked severe damages over Southern 
Greece in Peloponnisos, where several cities experienced severe flooding. Heavy 
precipitation (200 mm within 24 h) caused also severe problems in the road network 
and some bridges collapsed in Central Greece, while in Athens flooding was reported 
in some suburban areas (more than 70 mm of rain within a few hours). 

This event is studied through both observational and model analysis. The observational 
analysis is based on surface, upper air and satellite data as well as on ECMWF 
analyses. The mesoscale analysis of the event is based on nested-grid simulations 
performed with the Regional Atmospheric Modelling System (RAMS). The role of 
topography of Greek Peninsula on the enhancement of convection as well as the role 
of surface fluxes from the relative warm Mediterranean waters towards the 
atmosphere is investigated. Apart the analysis of the dynamics of heavy rainfall, the 
role of Conditional Symmetric Instability on the development of a cloudband observed 
at the edge of the cold frontal surface is discussed. 

THE ROLE OF SURFACE HEAT FLUXES IN THE DEVELOP- 
MENT OF A MEDITERRANEAN ''HURRICANE'" 

P. Malguzzi (1). P. Chessa (2) and A. Buzz! (1) 
(1) FISBAT-CXR. Bologna. Italy. (2) Servizio Agrometeorologico Regionale 
Sardegna, Sassari. Italy. 

A case of an intense small-scale cyclone development over the Western Mediter- 
ranean, occurred in the period 6 to 8 October 1996, is simulated numerically 
with a mesoscale model. The vortex exhibited a hurricane-like structure, with 
a spiral cloud structure and an eye clearly shown in the satellite imagery. The 
cyclone trajectory and intensity are documented both by the satellite pictures 
and by surface observations during the storm passage over the Sardinia island. 
The synoptic situation at the initial time shows a potential vorticity maximum 
at upper levels, where a cut-off low enters the Western Mediterranean from 
the north-west. In the development phase, the cyclone is of mixed baroclinic- 
convective type, while in the mature stage is maintained by the latent heat re- 
lease. The model is successful in predicting the initial evolution and trajectory 
of the storm, but overpredicts the cyclone intensity when a climatological sea 
surface temperature is prescribed. However, a strong sensitivity of the pressure 
minimum to the sst is demonstrated by numerical experiments. The presence 
of positive fluxes of sensible and latent heat at the sea surface is essential for 
the cyclone growth and maintenance. The cyclone track over the sea during the 
deepening phase shows a high degree of unpredictability, depending on model 
characteristics and parameterization schemes. 
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RECONSTRUCTION OF HEAVY RAINFALL EVENTS OVER THE PO 
BASIN FROM 1868 TO THE END OF THE 19™ CENTURY 

M, Mauperi (1), R. Barbiero (2), M. Bclhune (1) 
(1) Istituto di Fisica Generale Applicata, University of Milan, Italy, (2) 
DATAMBTEO, Rlio (Milauo) 
inaugeri@imiucca.csi.unimi.il / Fax: +39-2-72001600 

The southern pan of the Alpine Region is an area where heavy rainfall events 
are rather frequent and where a number of disastrous floods have been reported 
in the last 100/130 years. Wilhin this context (he purpose of the presentation is 
to show how the data and the other information available at Uic present allow for 
this area rather detailed reconstruction of meteorological scenarios oflieavy 
rainfall events Just starting from 1865. The problem oflhe reconstruction of 
these scenarios can be divided in two periods: before and after 1879, when the 
Italian Cemral Office for Meteorology began to draw daily isobaric charts. In the 
presentation the availability, quality and homogeneity of the daw will bo 
discussed for both periods and a mcihodology of reconstruction of isobaric charts 
over Italy and Europe for the period 1863-1879 will be prcscnled. Moi«over 
some important evenis both of the first and the second period will be illuslratcd. 
They include the September-Ociobcr 1868 event, the October 1872 event, the 
May 1879 event and the September 1882 event, 

SSM/I ANALYSIS  OF TWO  "HURRICANE-LIKE"  VORTICES 
OVER THE MEDITERRANEAN SEA 

A. Mugnai (1). C. Accadia (1), S. Dietrich (1), F. S. Marzano (2) and L. 
Roberti (3) 
(1) Istituto di Fisica dell'Atmosfera, Consiglio.Nazionaledelle Ricerche. Roma. 
Italy, (2) Dipartimento di Ingegneria Elettrica, Universitä dell'Aquila, Italy. 
(3) Dipartimento di Elettronica, Polttecnico di Torino, Italy. 

An analysis of the microphysical structure of two sub-synoptic "hurricane-like" 
vortices over the Mediterranean Sea lias been carried out using the Special 
Sensor Microwave/Imager (SSM/I) brightness temperatures at 19.35, 37.0, and 
85.5 Ghz. SSM/I data have been analyzed by means of a physically-based pre- 
cipitation profile Bayesian retrieval algorithm making use of a cloud radiation 
database, the cloud portion of which is based on a numerical simulation carried 
out by means of the three-dimensional, time-dependent cloud/mesoscale model 
University of Wisconsin - Non-hydrostatic Modeling System, while the multi- 
spectral upvvelling microwave brightness temperatures have been computed by 
using the detailed thermodynamical and microphysical outputs of the simula- 
tion as an input, to a three-dimensional radiative transfer scheme. Results will 
be analyzed and discussed taking into account the dynamical characteristics of 
the same events, that are described in the companion paper by O. Reale: 

I 

A CASE OF EXTREME PRECIPITATION IN SOUTHERN PORTUGAL 

Pedro M. A. Miranda (1), Pedro M. M. Söares (1) 
and Mßrio Almeida (2) 
(1) Centra de Geofisica, University of Lisbon, R. Escola Politecnica, 58, 1250 Lisboa. 
PORTUGAL, pmiranda(§fc.ul.pt 
(2) Instituto de Meteorologia. Lisbon 

Cases of very intense precipitation are not very common in Portugal. The fall of 97 has 
been exceptional in this respect, with a few extreme cases with large impact in terms 
casualties and property loss. Various events, which occurred in a predominantly 
southwesterly flow, have been responsible for significant flooding in many places. 
One of these events, produced local precipitation rates of the order of 100 mm/h 
during 3 hours, in a small area of higher orography, leading to severe flooding. This 
event was not predicted by the operational models and has been selected for a case 
study. Some preliminary results of this case study have been performed, including 
diagnostic studies of the background flow field, analysis of available data and 
numerical simulations with different settings. 

STUDY OF THE HURRICANE-LIKE MEDITERRANEAN CYC- 
LONE OF JANUARY 1995 

Ioannis Pytharoulis (1), George C. Craig (1) and Susan P. Ballard (2) 
(1) Department of Meteorology, University of Reading, Reading RG6 6BB. 
United Kingdom, (2) NWP Division, Meteorological Office, Brackneil RG12 
2SZ, United Kingdom. 
I.PytharoulisCreading.ac.uk 

The development of a hurricane-like cyclone over the Mediterranean sea has 
been studied using observational data and the UKMO Unified Model. The 
formation of the Mediterranean cyclone took place in the morning of the 15th 
of January 1995 over the sea between Greece and Sicily. Strong surface fluxes 
and, as a result, deep convection existed in the vicinity of the cyclone during 
its lifetime. Its track was influenced by the fluxes and the flow in the wider 
region. The forecast of the mesoscale and limited-area models reproduced the 
general characteristics of the actual system as they appeared on surface and 
upper-air charts and on satellite imagery. The investigation of the cyclone's 
characteristics gave strong evidence to support the initial assertion that it was 
similar to tropical cyclones and some polar lows (including an 'eye' and a warm 
core). Baroclinic instability did not seem particularly important, although the 
formation took place at the edge of a baroclinic zone. A numerical experiment 
showed that the vortex did not develop in the absence of surface heat and 
moisture fluxes. Another experiment showed that sensible and latent heat fluxes 
were equally important in its development. 

CASE STUDY OF A FRONTAL PASSAGE OVER ISRAEL 

E. Morozovsky 
J.   Blauslein  Institute for Desert  Research,  Ben-Gurion  University, 
Sede-Boker Campus 84990, Israel 
elenamtabqumail.bau.ac.il / Fax: 972-7-6596704 

Fronts cause sharp weather changes over the eastern Mediterranean in 
winter. Heavy rains, thunderstorms, hail, floods in Israel are connected 
with the frontal passages. Nevertheless the detailed studies concerning 
the mesoscale structure of fronts in this region are not frequent i 
literature. The presented poster describes the evolution in the ' 
tropospheric conditions during the passage of an active front on the 
9.11.90 over Israel, causing rainy weather. We concentrated on the 
details in the structure of temperature, humidity and wind fields, using 
radiosounde data obtained in a series of special observations near 
kibbutz Dorot. Based on meteorological and synoptic data available from 
the Israel Meteorological Service, peculiarities in precipitation 
distribution, connected with a front are analyzed. The results are 
compared with a hydrodynamic front model developed at the Desert 
Meteorology Unit of the Institute for Desert Research. 

UPPER-LEVEL PV STRUCTURES AND HEAVY PRECIPITA- 
TION SOUTH OF THE ALPS: A SENSITIVITY STUDY 

C. Quadri. R. Fehlmann and H. C. Davies 
Atmospheric Physics ETH. 8093 Zurich, Switzerland. . 

An examination is undertaken of the influence of small scale tropopause-level 
structures upon the numerical prediction of a heavy precipitation event. To 
this end a method is developed to generate a range of different initial states 
that represent perturbations of these upper-level structures. The approach is 
founded upon the potential vorticity (PV) perspective of the flow, and entails a 
modification of the upper-level PV configuration of an initial state based upon 
the PV-difference between the analysis and a preceding short-range forecast. 
A set of modified fields are then constructed so that each member includes a 
combination of seminal PV-elem ents. 
To illustrate the approach a study is undertaken of the Piedmont flood of 
November 5-6 1994. Simulations of the event | reveal a significant sensitivity 
of the resulting prediction to the initial specification of the upper-level PV 
distribution and thereby provide some indications of its predictability limits 
imposed by uncertainties in the initial specification of the upper-level flow. 
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DYNAMICS AND CLASSIFICATION OF TWO SUB-SYNOPTIC 
SCALE "HURRICANE-LIKE" VORTICES OVER THE 
MEDITERRANEAN SEA 

O. Reale 
International Centre for Theoretical Physics, Trieste, Italy. 

Two intensely convective sub-synoptic scale vortices developed over the 
Mediterranean Sea on 30-31 October 1997 and on 5-8 December 1997. Fluxes, 
strong precipitation rates, small-scale, alignment between cutoffs at all levels 
with sea level pressure minimum, axysimmetric wind structure, lack of vertical 
shear on the scale of the vortex, suggest a "hurricane-like" structure. 
Hurricane-like cyclones have been detected in the Mediterranean since the early 
'80s: although clearly different from the well-known Mediterranean baroclinic 
lee cyclones, their nature is still controversial: sometimes the same event is re- 
garded by different authors as tropical-like or as a polar low. 
Comparisons between the two cyclones and other apparently similar events. 
reveal two distinct categories of hurricane-like storms in the Mediterranean. 
Barotropic instability related with strong horizontal shear plays a major role in 
one category, a mid- and upper- tropospheric cold dome is needed for the other. 
As a consequence, their thermal structure appears different, since the former 
displays a clearly recognizable warm-core, not present in the latter. A classifi- 
cation of hurricane-like systems in the Mediterranean, based upon dynamics, is 
presented. The microphysics of the vortices is analyzed in the following paper 
by Mugnai et. al. 

A CLIMATOLOGY OF MESOSCALE CONVECTIVE SYSTEMS SOUTH OF THE 
ALPS 

S.Senesi and C.Morel 
GAME/CNRM (Meteo-France.CNRS) 

Mesoscale Convective Systems (MCS) are known to contribute to 
a large part to heavy rainfall and floods. Nevertheless, there are very 
few objective and long-term climatologies of such systems In Europe; 
ttiis may be explained by the tedious character of manual tracking 
and characterization of these systems. 

An automated system has hence been developped, which uses a 
radiative temperature threshold for defining cloud shields In Meteosat 
infra-red Images. It handles splits and merges of cloud shields and 
successfully tracks cloud systems which are as small as 1000 km* The 
tracking quality prove to be largely Insensitive to the temperature 
threshold value, and threshold effects are also accounted for. 

For the identification of those of the cloud shields which are 
convective, a decision system has been designed. It is based on 
temperature gradients at the cloud shield edges. Testing it using 
lightning data as ground truth allows to exhibit a 95% efficiency. 

These tools have been used to compute a 5 year long climatology 
of MCS in the region south of the Alps. It addresses topics like 
preferred location of convection triggering, typical scenarii of MCS 
development In relation to weather types, and slow-moving systems. 

OBJECTIVE CLASSIFICATION OF THE HEAVY RAINFALL PATTERNS 
IN MEDITERRANEAN SPAIN 

R. Romero (1), C. Ramis (1) and J. A Guijarro (2) 
(1) Meteorology Group, Departament de Ffeica, Universität de les Dies Balears, 
Palma de Mallorca, Spain. 
(2) Institute National de Meteorologfa, Centra Meteorologico de Baleares, Palma 
de Mallorca, Spain. 
dfsrrm8@ps.uib.es 

A dense daily precipitation data base, extending from 1964 to 1993, has been 
created rar the Mediterranean regions of Spain. It is composed of complete and 
homogeneous series at 410 raingauge stations. Using this data base, the main 
torrential centres have been identified by means of seasonal and yearly maps of 
extreme events, and the calculation of recurrence intervals. In second place, the 
main spatial patterns controlling torrential daily rainfalls have been derived. This 
has been done by applying cluster analysis on the most relevant principal directions 
extracted from a principal components analysis of the between-day correlation 
matrix. The obtained patterns are quite definite and clearly display the dominant 
role exerted by the complex topography and its connection with the main rain 
bearing flows. Interseasonal variability shows a different behaviour depending on 
the zone. The western patterns, largely stimulated by Atlantic flows, have similar 
incidence in winter and autumn. On the contrary, the eastern patterns, which are 
strongly influenced by the Mediterranean dynamics, dominate in the 611 season. 

CYCLONIC ACTIVITY AND SEVERE JUGO IN THE ADRIATIC 

N. Strelec Mahovif and N. Brzovii 

Meteorological and Hydrological Service, Zagreb, Croatia 

strelec@cinis.dhz.hr, brzovic@cinis.dhz.hr 

The beginning of April 1996, was characterized by very strong jugo 

winds and heavy precipitation along the Adriatic coast. Synoptic and 

satellite diagnostics, as well as numerical simulation with real data, show 

that strong cyclogenetic processes took place during the observed period. 

It is also shown that processes over the Adriatic, depending on general 

synoptic situation, can be masked by the processes over the western 

Mediterranean. Although from the synoptic point of view they, belong to 

the same process on the lee side of the Alps, mesoscale an local 

characteristics of the flow and precipitation distribution are strongly 

influenced by the orography of Dinaric Alps and by humid processes 

over the Adriatic sea. 

ATMOSPHERIC   FLOW   REGIMES   ASSOCIATED   WITH   A 
PIEDMONT-LIKE LOW-LEVEL JET 

Michael Schneidereit and Christoph Schär 
Atmospheric Physics ETH, Hönggerberg HPP, CH-8093 Zürich, Switzerland. 

A south-westerly pre-frontal low-level jet advecting moist air from the western 
Mediterranean to the southern slopes of the Alps appears to be a typical fea- 
ture in Alpine flooding cases and was also observed in the Piedmont case of 
Nov 1994. Such & jet is important because it provides the pertinent moisture 
dux, but it also determines the nature of the atmospheric flow response and 
the orographic lifting leading to the triggering of convective and/or stratiform 
precipitation. Since the flow is usually around the Alpine orography rather than 
over it, mechanisms leading to deep lifting are of particular interest. To identify 
the relevant flow regimes, series of numerical experiments with and without an 
idealised low-level jet are carried out. Initially, dry dynamics is used to gain 
insight into the basic mechanisms in such settings. Results indicate that the 
strength of the low-level jet has to exceed a critical value to be able to cross the 
model Alpine orography and to induce deep orographic lifting. The results thus 
emphasise the low-level jet's röle in determining the atmospheric flow response. 

MONITORING OF RAINING SYSTEMS USING SSM/I 
AND METEOSAT DATA 

D- Taurat. C. Klepp and F. Papke 
Max-Planck Institut für Meteorologie, Hamburg 
taurat@dkrz.de/Fax 449-40-41173-391 

A method is presented using rain information from the SSM/I radiometer 
in order to correlate Cloud Top Temperatures (CTT) from METEOSAT- 
IR measurements to rain rates. SSM/I retrievals provide rain rates over the 
North Atlantic and Mediterranean Sea with a considerable high accuracy. 
Furthermore it is possible to distinguish between convective and strati- 
form cloud systems. This information is used in order to perform a corre- 
lation between Meteosat CTT's and rain rates for convective cases. Based 
on the relation found this way convective rain systems can be monitored, 
taking advantage of the high temporal and spatial coverage of Meteosat 
data. Using horizontal structure information from the Meteosat images, 
the assignment of SSM/I- rain-rates to CTT absolute values and horizontal 
variance can be refined. Once the rain system is identified it might be 
tracked as it advances onto land surface. Also similar patterns in the CTT 
/horizontal LTl -variance domain might be interpreted as rain systems 
where no SSM/I information is available (e.g. costal areas). 
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HEAVY RAINSTORMS OVER NORTH AFRICA AND THE MID-EAST 
AND THEIR ASSOCIATION WITH THE SUBTROPICAL JET 

Baruch Ziv 
The Open University of Israel 
Email: baruchz@oumail.openu.ac.il, Fax: 972-3-6460700 

The study deals with heavy and widespread rainstorms over the Mediterranean and 
the arid northern Africa. Theey are related to disturbances in the subtropical jet. The 
ECMWF initialized data, together with ground observations and satellite imageries, 
are used to study the the23-24 Dec 1988 rainstorm, associated with a pronounced 
intrusion of an upper-level mid-latitude trough down to 25°N latitude. 
The analysis points at two factors: 1) The intensive moisture transport in the mid- 
and higher-levels from the tropics by the meridional wind component ahead of the 
upper-level trough, which is enhanced by an ageostrophic transverse flow, 
associated with the acceleration of the air parcels there. 2) The mid-troposphere 
ascendance induced by the divergence due to the positive vorticity advection ahead 
of the upper-trough. Both effects are larger in the subtropics due to both the high 
wind speed and the smaller Coriolis parameter there, as compared to the 
mid-latitudes. Indeed, the divergence there reaches 6x10V at the 200 hPa. and 
vertical velocity there is about 10'' ms'1 at 700 hPa level, where the most active 
cloudiness is found. 
It is argued that these rainstorms result from exceptional intrusions of pronounced 
mid-latitude troughs toward the subtropics. In such a case, the subtropical jet is 
•broken' into two branches. The upward motion, induced at the anticyclonic sector 
of the eastern branch's entrance, enhances the tropical convection there, and 
intensifies the jet speed downstreem, while enhancing the moisture supply there. 
This positive feedback mechanism may explain the exceptional intensity 
encountered in such storms. 

OA13 Cyclogcnesis and fronts: FASTEX 

Convener: Chalon, J.-P. 
Co-Convener: Thorpe, AJ. 

MECHANISMS   FOR  MID-LATITUDE  CYCLONE  DEVELOP- 

MENT 

Jake Badger and Brian J. Hoskins 
Department of Meteorology, University of Reading, UK. 

The initial development of localized cyclonic perturbations is investigated in a 
hierarchy of models. The work presented explores the dependence of the linear 
evolution on the perturbation scale, structure and location. The mechanisms 
involved in the rapid kinetic energy growth and formation of deep systems are 
explained in terms of potential vorticity, the effects of changing perturbation 
phase tilt and Rossby wave propagation. Perturbations that are confined both 
vertically and horizontally in streamfunction and located away from bound- 
aries yield the largest transient kinetic energy growth. Transient growth rates 
in excess of the fastest growing normal mode can be achieved for perturbations 
having no phase tilt with height. Basic states with positive meridional gradient 
of potential vorticity give rise to perturbation growth accompanied by upward 
propagation. Perturbations located at low levels benefit from this propagation, 
exhibiting earlier deep system formation downstream and sustained growth, 
whereas perturbations located at upper levels take much longer to engage the 
surface boundary. This work offers a fundamental physical basis for under- 
standing optimal perturbations; many aspects of the structure and evolution 
of singular vectors calculated by the ECMWF can be understood in the context 
of this idealized work. The role of diabatic processes as well as the relevance 
of these mechanisms in storm track organization using more realistic models of 
the atmosphere will be presented. 

PRECURSORS IDENTIFICATION OF FASTEX IOP17 CYCLO- 
GENESIS USING POTENTIAL VORTICITY INVERSION CON- 

CEPT 

P. Arbogast and A. Joly 
Centre National de Recherches Mtorologiques, 42, avenue G. Coriolis, F-31057 

Toulouse. 
During the last few years, the theoretical study of cyclogenesis has experi- 
enced a remarkable renewal. The new data required by today's concepts was 
to be provided by the observations collected during the FASTEX field experi- 
ment. This paper presents one of the very first dynamical result. It reveals the 
unexpected importance of a low level precursor in IOP 17 cyclone, exhibited 
using a new objective diagnostic tool: the manipulation of initial conditions 
through quasi-geostrophic potential vorticity and its inversion. Using the semi- 
qualitative reasonning, the case looked like a straightforward triggering of the 
cyclone by an upper tropospheric disturbance. 

ADJOINT-BASED TARGETED OBSERVATIONS DURING FAS- 
TEX : IMPACT AND FEASIBttlTY STUDIES 

T. Bergot (1), G. Desroziers (1), B. Pouponneau (1) and A. Joly (1) 
(1) Meteo-France CNRM / GMME, 42 Av G. Coriolis, F-31057 Toulouse Cedex, 
France. 
Thierry. Bergot JSmeteo. ir 

One of the objectives of FASTEX was to study the sensitivity of East Atlantic 
cyclones to so-called "targeted observations". Adjoint based sensitivity calcu- 
lations were one way to search for the areas at initial time that may have the 
largest impact on the evolution of the studied low. During FASTEX, several 
adjoint products, computed from different centers (NRL, NGEP, CNRM), were 
available in real time and were used to place the additional observations (XOAA 
GIV, USAF C130, Learjet and ships). These FASTEX observations provide the 
first opportunity to examine the impact of special "adaptive observations". In 
this study, the IOP17 and IOP18 are investigated. The main goal of this work 
is to show how additional observations could improve the forecast. The first 
results prove the dominating effect of the initial error projecting on the first 
two leading singular vectors (defining the first unstable plan). The second re- 
sults is that the adaptive observations feasibility greatly depends on the quality 
of the assimilation system and of the model used. In addition, it is very diffi- 
cult to correctly analyze all the non-synoptic data (like many dropsondes and 
ships soundings) with the current assimilation system (Optimal interpolation 
or 3Dvar). The first 4Dvar tests are presented to demonstrate the impact of 
the assimilation quality on the adaptive observations feasibility. 
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One of the objectives of FASTEX was to study the sensitivity of East Atlantic 
cyclones to so-called "targeted observations". Adjoint based sensitivity calcu- 
lations were one way to search for the areas at initial time that may have the 
largest impact on the evolution of the studied low. During FASTEX, several 
adjoint products, computed from different centers (NRX, NCEP, CNRM), were 
available in real time and were used to place the additional observations (NOAA 
GIV, USAF C130, Learjet and ships). These FASTEX observations provide the 
first opportunity to examine the impact of special "adaptive observations". In 
this study, the I0P17 and IOP18 are investigated. The main goal of this work 
is to show how additional observations could improve the forecast. The first 
results prove the dominating effect of the initial error projecting on the first 
two leading singular vectors (defining the first unstable plan). The second re- 
sults is that the adaptive observations feasibility greatly depends on the quality 
of the assimilation system and of the model used. In addition, it is very diffi- 
cult to correctly analyze all the non-synoptic data (like many dropsondes and 
ships soundings) with the current assimilation system (Optimal interpolation 
or 3Dvar). The first 4Dvar tests are presented to demonstrate the impact of 
the assimilation quality on the adaptive observations feasibility. 

THREE DIMENSIONAL STUDY OF DYNAMICAL AND 

THERMODYNAMICAL FIELDS DEDUCED FROM 

AIRBORNE DOPPLER RADAR AND DROPSONDE DATA 

D. Bouniol. Y. Lemaitre, T. Montmerle 

CETP/CNRS/UVSQ, France 

Dominique.BOUNIOL@cetp.ipsl.n7Fax: 33 1-39-25-47-78 

The FASTEX experiment allowed the observation of mature synoptic 

and subsynoptic cyclones over the North Atlantic Ocean. 

The case of the 17 February 1997 was sampled by an airborne doppler 

radar on board of NOAA-P3 during more than six hours. At the same 

time, many dropsondes were launched by the UK-C130 aircraft in 

order to cover clear regions of the deepening wave. These various 

nested data are then used to retrieve the three dimensional physical 

fields. 

For this study we focus on the dynamical and thermodynamical 

aspects for synoptic, meso and convective scale, in order to describe 

the multiscale processes involved in the deepening of the wave. Main 

results about scale interaction will be presented. 

REDUCED UPPER-TROPOSPHERIC POTENTIAL VORTICITY 

H.R.Birkett and A.J. Thorpe 
Department of Meteorology, University of Reading, P.O. Box 243, Earley Gate, 
Reading RG6 6BB, United Kingdom. 
H.H.BirkettAraading.ac.uk 

The modification of Potential Vorticity (PV) by diabatic heating through latent 
heat release in clouds, has been known about for some time. Traditionally it 
has been thought that a dipole of PV anomalies is produced, positive below the 
heating maximum and negative above. Much work has been done on the role 
of the positive anomaly in the development of its parent cyclone, but much less 
has been said about its sibling, the reduced upper-tropospheric PV (RUPV). 
Basic ideas on the formation and characteristics of RUPV will be discussed 
both in the context of theoretical arguments and real data. This will include 
a comparison of the PV-dipole theory and more recent suggestions of, for ex- 
ample, Wernli and Davies (1997). Examples of RUPV anomalies in FASTEX 
cases will be shown. The role of RUPV in atmospheric dynamics is elucidated 
using results from trajectory calculations and attribution techniques. This will 
include discussion on the possible connections with downstream development, 
and jet-streak phenomena. 

MESOSCALE ANALYSIS OF ARC RAINBANDS IN A DRY SLOT 

Keith A. Browning and Nigel M. Roberts 
JCMM, Department of Meteorology, University of Reading, Reading RG6 6BB, 
UK. 

A series of almost concentric, arc-shaped narrow rainbands was observed trav- 
elling at 140 km/h and producing severe wind gusts over parts of England. 
Their structure and environment have been analysed using radar and satel- 
lite imagery, mesoscale-model diagnostics, surface observations and additional 
radiosonde ascents obtained during the Fronts and Atlantic Storms Track Ex- 
periment (FASTEX). The multiple rainbands are shown to have been triggered 
beneath the exit region of a strong upper-level jet within part of a dry intrusion 
characterised by a mesoscale vortex/cold pool. The rainbands were associated 
with rather shallow convection which formed where this feature overran warm- 
sector air. Perhaps because there was no statically stable layer at low-levels to 
sustain any wave activity, the associated mesoscale pressure pertubations were 
rather small and it is necessary to look for explanations other than inertio- 
gravity waves to account for the quasi-periodic nature of the rainbands. 

THE FRONTAL WIDTH PROBLEM 

W. Blumen 
Program in Atmospheric and Oceanic Sciences 
University of Colorado, Boulder 
blumen@paradox.colorado.edu / Fax: 303-492-3524 

A principal characteristic of an atmospheric front is the transition zone 
between air masses of disparate properties. This zone, characterized by 
turbulent dissipation of kinetic energy, is not adequately described by 
either analytical or numerical models. In particular, numerical mod- 
els simulate frontal zones only to the extent that their development 
and structure is permitted by the finite resolution and prescribed eddy 
diffusivity inherent in the model. This talk will examine the physical 
processes that appear to be associated with the presence of a frontal 
transition zone, based on various field investigations carried out in the 
Great Plains of the central United States. All frontal activity con- 
sidered is devoid of precipitation, and the principal physical processes 
that are considered are the rate of turbulent dissipation of kinetic en- 
ergy, frontogenetical forcing by a deformation field and the generation 
of inertial-gravity waves in the field of flow. Eddy diffusivity is not 
a relevant parameter. The energy dissipation rate (e), the deforma- 
tion parameter (a), or the growth rate (c), and the Brunt-Väisälä N 
and Coriolis / frequencies are used to introduce new scalings for both 
the horizontal and vertical scales of the'frontal transition zone. These 
limiting scales are directly related to physical processes that involve 
wave/turbulence interactions as frontogenesis proceeds. 

DISCRETE FRONTAL PROPAGATION INDUCED BY CONVECTION 

G. H. Bryan, J. J. Chamey, and J. M. Fritsch 
Department of Meteorology, The Pennsylvania State University, 
University Park, PA, USA 
bryan@essc.psu.edu/Fax: 814-865-3663 

A case example demonstrating that surface fronts can propagate In a 
non-continuous manner Is presented. The event occurred as a cold front 
encountered a surface-based mesoscale area of convectively-generated 
cold air over the central United Stales (Oklahoma and Arkansas). A new 
frontal circulation formed on the downstream boundary of the modified air, 
about 400 km ahead of the original front, and underwent rapid intensification 
while the original front dissipated. The event occurs over gently sloping 
terrain, away from steep topography. 

This case was simulated using the fifth generation Penn State/NCAR 
mesoscale model (MM5) to gain insight into the processes that produced the 
discrete movement. Model results indicate that the frontal system was not 
able to penetrate the layer of cool stable air generated by the deep moist 
convection. It was also found that differential radlational heating as a result 
of the clear-to-cloudy boundary associated with the convection helped 
create a strong baroclinic zone well ahead of the front. The new frontal 
circulation formed in this baroclinic zone. Eventually, upper-level support 
adjusted to the new low-level frontal circulation and enhanced its 
development while suppressing the original frontal feature. 
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OVERVIEW OF THE LIFE CYCLE OF A FASTEX CYCLONE: 
IOP 17 

J.-P. Cammas (1), B. Pouponneau (2), G. Desroziers (2), P. Santurette (2) 
and A. Joly (2) 
(1) Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F- 
31400 Toulouse, (2) Meteo-France, CNRM/RECYF, 42, Ave. G. Coriolis, F- 
31057 Toulouse. 

The overview of one of the best documented life cycle of a FASTEX cyclone 
(IOP 17, from 16 to 20 February 1997) is presented using operational ARPEGE 
analyses, satellite images and special FASTEX observations. The presentation 
will first focus on processes contributing to the triggering of the surface low 
and coming with the arrival of an upper level short wave (potential vorticity 
anomaly) over the eastern coasts of the United States, e.g. the reinforcement 
of the steepness of the main baroclinic zone and the onset of a direct and 
transverse ageostrophic circulation in the intensifying entrance region of the 
the upper level jet. It is then discussed the impact of latent heat release in 
the developing surface low on the formation of a dual upper level jet and on 
the behavior of the upper level potential vorticity anomaly. The formation of 
a surface frontal wave in the wake of the surface low is investigated. The end 
of the life cycle, involving FASTEX research aircraft flights in the Mesoscale 
Sampling Area, will finally be discussed. The presentation will also synthetize 
the dropsonding and radiosounding observations performed by aircraft and 
ships respectively, and mention other works in progress on the POI17 at CN'RM 
and LA and that will be presented in separate talks. 

OBSERVATIONS   AND   SIMULATIONS   OF   A   DEVELOPING 
FRONTAL WAVE DURING FASTEX IOP 16 

Sid Clough and Humphrey Lean 
JCMM, Department of Meteorology, University of Reading, PO Box 243, Ear- 
ley Gate, Reading RG6 6BB, UK. 
haleanOmeto.gov.uk/Fax: [+44] 0118 931 8791 

Frontal waves present many difficulties for both subjective and numerical pre- 
diction. Aside from their development the associated mesoscale structure and 
weather vary greatly between systems. There is a need for a theoretically-based 
approach to understanding, both subjectively and for the refinement of quant- 
itative models. 
A rapidly developing frontal wave was the subject of IOP 16 of FASTEX on 17th 
February 1997. Observations were made with both dropsondes and airborne 
Doppler radar in 6 parallel runs designed to carry out a systematic survey of 
the main active part of the wave. 
UK Met. Office's LAM version of the Unified Model gave reasonably good 
forecasts of the event. A set of further integrations have been made with the 
model to investigate factors contributing to the development and the mesoscale 
structures simulated and observed. Results from these studies will be presented. 

ROLE OF FRONTOGENESIS ON FRONTAL WAVE DEVELOP- 
MENT IN FASTEX 

Jean-Pierre Chaboureau and Alan J. Thorpe 
Department of Meteorology, University of Reading, Reading RG6 6BB, UK. 
J-P.ChaboureauOreading.ac.uk 

Two major mechanisms of frontogenesis, deformation and shear, are important 
in frontal wave cyclone development. Horizontal deformation can suppress the 
nonlinear wave development. Using an analytic model, Bishop and Thorpe 
(1994) showed that large strain rates inhibit any wave slope amplification. For 
real cases, this ambient strain can be measured using the vorticity-divergence 
attribution method developed by Bishop (1996). This technique permits us to 
confirm the crucial role of such strain on the evolution of FASTEX cases (IOPs 
5, 7, 9, 11a, 12, 16, 17, and 19). 
Horizontal shear, in the presence of an along-front thermal gradient, is also an 
important mechanism of frontogenesis. Using an Eady model, Joly and Thorpe 
(1991) showed in cases of large ambient shear, frontal waves have growth rates 
smaller than the front itself, and thus would not develop. We have extended 
the domain-independent Bishop attribution method to a geopotential field par- 
tition. This leads, via a non-linear balance condition, to the estimation of the 
ambient along-front temperature gradient and hence the shear. The role of such 
shear is discussed as well as the relative contributions of the two frontogenesis 
mechanisms for the above cited FASTEX cases. 

COMPARISON OF MESOSCALE DYNAMICAL STRUCTURES 
FROM FASTEX DROPSOUNDINGS WITH FORECAST MODEL 
FIELDS 

Sid Clough, Nigel Roberts and Humphrey Lean 
JCMM, Department of Meteorology, University of Reading, PO Box 243, Earley 
Gate, Reading RG6 6BB, UK. 
sacloughemeto.gov.uk/Fax: [+44]0118 931 8791 

A central objective of the Multiscale Sampling Area component of the FAS- 
TEX experiment was to document mesoscale dynamical structure from a range 
of weather systems using systematic survey flight patterns of dropsoundings 
from the Meteorological Office's C130 aircraft. Data from these have provided 
a substantial body of frontal cross-sections which provide an unprecedented 
opportunity to evaluate numerical models and test their parametrizations of 
cloud and precipitation. A methodology is presented for such comparisons of 
observed and simulated structure, in which the outcome of frontogenetic and 
diabatic processes is expressed in terms of the resulting thermodynamic and 
dynamic structures. This approach is then applied to integrations from the UK 
Meteorological Office's Unified Model for several FASTEX events. Results from 
these comparisons to date will be presented.' 

DISCRETE   FRONTAL   PROPAGATION   IN   A   NON-CONVECTIVE 
ENVIRONMENT 

J. J. Charney and J. M. Fritsch 
Department of Meteorology, The Pennsylvania State University, University Park, 
PA USA 16802 
jjcll@psu.edu/Fax: (814)865-3663 

This study explores the means by which frontal movement can change in 
response to horizontal inhomogeneities in the environment through which the front 
propagates, specifically addressing discrete frontal propagation. It is shown that a 
front encountering a strongly varying lower-tropospheric thermal structure can be 
expected to respond to the environment such that it manifests itself at the location 
most preferable for its internal dynamics at any given time, without necessarily 
propagating in a continuous manner through the region. 

For the purposes of this study, one example of discrete frontal propagation in a 
purely non-convective, wintertime environment is examined in detail. 
Observational analyses and mesoscale numerical simulations of the event using the 
PSU/NCAR mesoscale model (MM5) are presented. It is shown that discrete frontal 
propagation does occur at the surface, with the front disappearing and then 
reappearing some 200 km ahead of its previous location. The upper level trough 
associated with the front propagates continuously, apparently independent of the 
surface evolution. A strong surface-based thermal inversion and a pre-frontal plume 
of warm, moist air that leads to widespread precipitation into the dry airmass ahead 
of the front are responsible for the horizontal inhomogeneities in this case. 

UPPER LEVEL DYNAMIC OF A FASTEX CYCLONE: IOP 18 

J. Donnadille, J.-P. Cammas and P. Mascart 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 
Toulouse. 

The FASTEX IOP 18 (22-23 February 1997) is a cold air cyclogenesis that first 
developed north of the main baroclinic zone and ended as a classic cyclogen- 
esis, by interaction with this baroclinic zone. The presentation is devoted to 
the upper level dynamics in the initial phase of the life cycle, e.g. the period 
ending with the triggering of the surface low over the Labrador Sea. Based on 
ARPEGE operational analyses, FASTEX- ships and aircraft observations as 
well as satellite data, the presentation will relate the trajectory to the behavior 
of an upper level potential vorticity anomaly involved in the triggering mecha- 
nism. In particular, structural changes and upper level frontogenetic processes 
that develop as the potential vorticity anomaly brings closer to the cyclonic- 
shear side of the polar jet stream will be documented using diagnoses and 
observations. Confluence and cold advection forcings of a transverse and direct 
ageostrophic circulation giving way to a very deep tropopause fold observed 
with dropsondes launched by the NOAA-G4 aircraft on the southern side of 
the potential vorticity anomaly will be documented. The presentation also men- 
tions links with two other separate talks that investigate the sensitivity of the 
triggering mechanism to boundary layer processes using low level observations 
and a potential vorticity inversion method. 
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ROLE OF SALIENT PV-ELEMENTS IN AN EVENT OF 
FRONTAL-WAVE CYCLOGENESIS 

R. Fehlmann and H. C. Davies 
Atmospheric Physics ETH, 8093 Zürich, Switzerland. 

A study is undertaken of the relative role of distinctive upper- and lower-level 
atmospheric structures in one event of frontal wave-cyclogenesis. The structures 
considered are those traditionally deemed to be important in cyclogenesis, and 
they are interpreted here as salient elements in the atmosphere's potential 
vorticity (PV) distribution. 
A 'successful' forecast with a limited area model is adopted as a surrogate 
for the actual event, and a. sequence of simulations is undertaken with mod- 
ified initial conditions corresponding in each case to the removal of one (or 
more) of the salient PV-elements. This aproach constitutes diagnosis by PV- 
dismemberment. It provides a direct indication of the relative significance of 
various precursor conditions, permits an incisive comparison of various extant 
.theories of cyclogenesis, and pinpoints the particular PV-elements influenceing 
the event's predictability. 
It is shown that a simulation that replicates the realised cyclone requires an 
adequate representation both of specific fine-scale PV-features at tropopause 
levels and of the continuous generation (and destruction) via cloud-diabatic 
effects of a low-level PV-element. 

FRONTAL WAVE DEVELOPMENT IN NUMERICAL MODEL FORECASTS 

Tim Hewson, Ian Renfrewt and Craig Bishoptt 
Dept. of Meteorology (U.K.M.O.), University of Reading, U.K.; fDept. of Physics, 
University of Toronto; ttDept. of Meteorology, Pennsylvania State University. 
tdhewson@meto.gov.uk 

A new automated method for locating the tips of frontal waves using gridded 
numerical model data has been devised. The methodology equates to manual methods 
of analysing waves on synoptic charts: waves are identified at those meeting points 
of cold and warm fronts where there is also cyclonic rotation in the cross-front wind. 
Using the new method a comparison will be made, for the FASTEX period, between 
forecasts and analyses of the U.K. Met. Office limited area model, in terms of their 
representation of frontal waves. Systematic errors in the handling of these features in 
model forecasts will thus be described, with regard to spatial distribution, forecast 
lead-time and surrounding synoptic-scale environment. Possible reasons for the errors 
will be discussed. 
One way in which a model can potentially anticipate wave development, on a front, 
is by computing the stretching deformation, due to the environmental flow, that would 
act on any incipient wave. If this deformation is below a theoretical critical threshold 
value then wave development can occur. A new method, utilising objective fronts, has 
allowed this calculation to be automated. The potential for such a method to help 
reduce model systematic errors will be discussed with reference to problem cases from 
the FASTEX period. 

IDENTIFICATION     OF     TROPOPAUSE-LEVEL     THERMAL 
ANOMALIES FROM TOVS OBSERVATIONS 

N. Fourrie (1), C. Claud (1), A. Joly (2) and J.-P. Cammas (3) 
(1) Laboratoire de Meteorologie Dynamique, Ecole Polytechnique, Palaiseau 
Cedex,  F-91128 France, (2) Meteo-France,  CNRM/GMME/RECYF.42 av 
Coriolis,  F-31057 Toulouse Cedex   1  France,   (3)  Laboratoire d'Aerologie, 
Observatoire Midi-Pyrenees, 14 av E. Belin, F-31400 Toulouse France. 

An important issue of the FASTEX experiment concerns the genesis mechanism 
and more specifically the existence of preexisting upper-level anomalies. Obser- 
vations from the satellites of the TIROS-N series, equipped with the HIRS-2 
(High Resolution Infrared Radiation Sounder) and MSU (Microwave Sounding 
Unit) radiometers, allow for the determination of the so-called Temperature 
of the Lower Stratosphere (TLS) as it has been defined in the 31 (Improved 
Initialization Inversion) approach to the inversion of the Radiative Transfer 
Equation and which represents the temperature around the tropopause. 
For several FASTEX Intensive Observing Periods, anomalies in TLS have been 
studied and their trajectories compared to other independent diagnostics : MSI* 
3 brightness temperature, 2PVU surface potential temperature computed with 
the ARPEGE model and water vapor imagery. While trajectories are generally 
similar, significant differences may appear, especially in the incipient stage. 
with TLS anomalies observed later than potential temperature anomalies. This 
point as well as the respective capability of MSU3 and of the TLS approach to 
detect upper-level precursors will be discussed. 

AIRCRAFT OBSERVATIONS OF FRONTAL CIRCULATIONS AND 
STRUCTURES IN FASTEX 

Peter H. Hildebrand. National Center for Atmospheric Research, Boulder CO 
80307-3000, USA Deter@ucar.edu. Phone: 303497-2050; Fax:303-497-2044 

This paper provides an overview of frontal circulations and structures observed 
during the FASTEX project. The two month FASTEX field effort provided 
numerous observations of cold and warm fronts, frontal waves and banded 
convective structures. Airborne Doppler radar observations are used to describe 
frontal rainband precipitation structures and circulations in the frontal region. In- 
situ and dropsonde observations describe the accompanying frontal temperature 
and humidity structures. The observed frontal intensities ranged from weak, 
slow-moving cold fronts in light wind situations to fast-moving intense cold 
fronts in high wind situations. Most FASTEX frontal structures were observed 
to be extremely shallow, frequently only about 1 km deep. The cold-frontal 
rainbands included a wide variety of frontal wave scales. At the small scale were 
waves on the scale of the individual frontal rainbands. Somewhat larger were 
waves corresponding to groups of three to four frontal rainbands, with kinks in 
the front between the rainband groups. At a large scale were frontal waves, 
which included rainband structures different from typical cold frontal rainbands. 
The different scales of frontal waves may correspond to the different dynamics 
of the different scale processes. Also presented are some observations of very 
shallow cold air flows, extending a great distance into the warm sector air mass. 

THE ROLE OF THE TROPOPAUSE IN DESTABILIZING THE 
ATMOSPHERE 

Morwerraa Griffiths, Alan J. Thorpe and Keith A. Browning 
Department of Meteorology, University of Reading, Reading RG6 6BB, U.K.. 

The evolution of a convective system, embedded within an extra-tropical cyc- 
lone, which passed over Southern England in May 1995 has been investigated 
using the UKMO mesoscale model. This model has a 17km horizontal resolu- 
tion and is on approximately a 1500km square domain over the British Isles. 
The system has associated with it a significant lowering of the tropopause 
(PV=2PVU down to 600mb) and some convective rain. Idealised theoretical 
studies have shown that an upper PV anomaly leads to a decrease in static 
stability. The effect is quantified for this case study by using piece-wise PV 
inversion. The method used by Davis arid Emanuel (1991) is followed and ex- 
tended for this inversion. The use of different boundary conditions at the lower 
surface are investigated, and the implications of these different boundary con- 
ditions on the ideas of attribution are discussed. Both the static stability and 
the wind shear attributable to the tropopause fold will be discussed, as will the 
consquence of such flow patterns in producing differential rotation. 
The FASTEX data set provides ideal high-resolution data for further testing 
of these ideas. 

THE FASTEX DATABASE: A LARGE ARCHIVE FOR NORTH 
ATLANTIC CYCLONES STUDIES 

G. Jaubert (1) and C. Piriou (1) 
(1) Meteo-France CNRM / GMME, F-31057 Toulouse Cedex, France. 
Genevieve.JaubertQmeteo.tr 

A large part of the special data sets collected during the Fronts and Atlantic 
Storm Track Experiment (FASTEX) field phase in January and February 1997 
is available for studies related to winter cyclones. 
Available data sets include measurements from the 7 well instrumented aircraft 
involved in FASTEX ( airborne radar data, dropsondes, in-situ measurements, 
...), high resolution data from the 7 ASAP ships and the 29 radiosounding sta- 
tions participating to FASTEX , located all around the North Atlantic Ocean 
(up to 8 radiosoundings per day during IOPs) , surface and upper-air measure- 
ments from the 4 FASTEX ships located in the middle of the North Atlantic 
Ocean, and many buoys, as well as a large set of satellite imagery and prod- 
ucts, both from geostationnary and low orbit satellites.Usual meteorological 
data are also available. Analysis from the french operational meteorological 
model ARPEGE are available for each day of the field phase. 
The primary point of contact and repository of archived data is the 
FASTEX Central Data Archive at Meteo-France/CXRM in Toulouse 
(swH.meteo.fr/ennn/fast«x/). Other organisations and agencies, such as 
XCAR/MSS, XOAA/NSSL. UCAR/JOSS in USA, DERA and the Univ. of 
Reading in UK. IXSU/CETP in France maintain subsets of the FASTEX 
data. 
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THE FRONTS AND ATLANTIC STORM-TRACK EXPERIMENT 
(FASTEX): AN OVERVIEW OF THE FIELD PHASE. 

A. Joly (1) and P. Bessemoulin, K.A. Browning, J.P. Cammas. J.P. Chalon, 
S.A. Clough, K.A. Emanuel, R. Gall, P.H. Hildebrand, D. Jorgensen, R.H. 
Langland, Y. Lemaitre, P. Mascart, J.A. Moore, P.O.G. Persson, M.A. Shapiro, 
C. Snvder, Z. Toth, R.M. Wakimoto. (2) 
(1) Meteo-France, CNRM/GMME, 42 av. G. Coriolis, F-31057 Toulouse cedex, 
France, (2) Members of the international FASTEX steering groups having taken 
an active part in the field phase.. 
alain.jolytaeteo.fr 

The field phase of the FASTEX project took place in January.and.february 
of 1997. The experimental objectives of FASTEX were to (i) collect data on 
the life-cycles of marine cyclones that form and grow over the Atlantic ocean 
by sampling the same systems at several steps of their evolution (it) document 
the microphysical and dynamical organization of the related cloud systems (in) 
conduct the operations necessary to assess the adaptive observation strategy 
that is meant to improve the predictability of these cyclones. 
In terms of data collection, most of these objectives have been reached in the 
course of the two months. Among the 50 cyclones that formed during that pe- 
riod, 18 have the subject of Intensive Observation Periods. Good trackings have 
been successfully set up on about half of these occasions. Excellent combination 
of dropsonde and Doppler radar data exist for about the same amount of cloud 
systems. There is also about 5 to 7 good cases for adaptive observations. The 
paper will present an overview of these systems. 

STRUCTURE AND EVOLUTION OF THE BOUNDARY LAYER 
DURING THE FASTEX IOP 18 ■ 

D. Lambert, J.-P. Cammas and P. Mascart 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 
Toulouse. 

The FASTEX IOP 18 (22-23 February 1997) is a cold air cyclogenesis that first 
developed north of the main baroclinic zone and ended as a classic cyclogenesis, 
by interaction with this baroclinic zone. In spite of the facts that very early in 
the life cycle there is a relationship between the upper level potential vortic- 
ity anomaly and a surface low, and that low level cloud vortices appear above 
the Labrador Sea, the rapid development of the IOP18 low triggers only East 
of Greenland. The presentation is devoted to the description of the boundary 
layer during IOP 18, using data gathered by aircraft equipped for dropsound- 
ing, R/V and ground-based stations performing radiosounding, and ARPEGE 
operational analyses. Sensitivity of the triggering mechanism to boundary layer 
processes will be documented. The presentation also mentions links with two 
other separate talks that investigate the upper level dynamic and a potential 
vorticity inversion method. 

HOW DO CYCLONES AFFECT THE LARGE SCALE MEAN 
HEIGHT OF THE TROPOPAUSE? 

M.N. Juckes (Meteorologisches Institut der Universität München) 

Cyclones and fronts clearly play a major role in determining the climato- 
logical structure of the" midlatitude troposphere. A complete theoretical 
description of this process is, however, lacking. The question is important 
since it is related to the question of what determines the maximum strength 
attained by storms. Existing theories, based on linear baroclinic waves, pro- 
viding speculative answers to the question posed in the title have recently 
been shown to be inconsistent with general circulation model results. A 
new concept is presented, based on a modification of convective adjustment 
by synoptic and planetary scale disturbances. The theory predicts that the 
vertical change in the saturated equivalent potential temperature should 
be proportional to the meridional change in temperature across the storm 
tracks. The prediction is found to be consistent with the annual cycle of 
these variables. 

MULTISCALE PROCESSES INVOLVED IN THE 
MATURE PHASE OF A « BOMB LIKE » DEEPENING 

V. Lemaitre. G. Scialom and D. Bouniol 
CETP/CNRS/UVSQ, France 
Lemaitre@cetp.ipsl.fr/Fax 33 1-39-25-47-78 

This paper will present preliminary results for the IOP 12 (09 February 
1997) of the FASTEX experiment. Data from airborne Doppler radar 
observations and from dropsondings done in the multi-scale sampling 
area of the FASTEX experiment are processed to obtain a composite 
ensemble of elaborate fields at various scales of motion in a « bomb 
like» deepening (in either the cloud head, or the cold frontal 
discontinuity or the so-called bent back warm front) in order to study 
multi-scale interaction involved in this case. In particular, 3D 
dynamical, thermodynamical and ageostrophic wind fields and other 
crucial quantities (PV, Forcing, etc..) are retrieved to scrutinize the 
following aspects: 1-interaction between the ageostrophic frontal 
circulation (due to the large scale ftontogenetic forcing) the CSI motions 
and convective motions within rainbands; 2-role of convective motions 
and CSI areas on the balanced frontal circulation; 3- interaction between 
the strong gradients of humidity and shear and the ageostrophic 
circulation. Selected results on these various aspects will be given 
during the oral presentation 

THE AGEOSTROPHIC CIRCULATION 
IN BAROCLINIC WAVES 
GROWING ON FRONTAL TEMPERATURE GRADIENTS 

M.N. Juckes (Meteorologisches Institut der Universität München) 

The ageostrophic circulation within an analytic, semi-geostrophic, solution 
for baroclinic waves growing in uniform potential vorticity flow with bound- 
ary temperature gradients concentrated in fronts is discussed. The defor- 
mation forcing for the ageostrophic circulation vanishes identically in this 
flow. The circulation arises instead, from the along front component of the 
Q-vectors. This results in a different circulation structure, with vertical mo- 
tion being fed by along front convergence of the along front ageostrophic 
wind. This structure is similar to that found in the bent back sector of 
warm fronts. 

INTERPRETATION OF MID-LATITUDE CYCLOGENESES US- 
ING A LINEAR FRAMEWORK. 

S. Malardel (1), P. Arbogast (2) and A. Joly (2) 
(1) Ecole Nationale de la Mtorologie, 42, avenue G. Coriolis, F-31057 Toulouse, 
(2) Centre National de Recherches Mtorologiques, 42, avenue G. Coriolis, F- 
31057 Toulouse. 

The application of classical linear theories of cyclogenesis to real cases is not 
straightforward. The main problem is the splitting of an atmospheric real state 
into a "small" perturbation and an "unperturbed" flow. On one hand, linear 
theories use very idealized basic states and perturbations, and on the other 
hand, the observed precursors are often finite amplitude anomalies unlike what 
is assumed in the linear theories. 
In spite of these limitations, the IOP 17 of FASTEX may be investigated with a 
linear approach. The isolation of the perturbation is provided by PV inversion 
concept. The precursors are removed from the initial conditions of an ARPEGE 
successful forecast prior to the cyclogenesis. The forecast without the low is 
considered as the "basic state" varying in space and.time. With the tangent 
linear model of ARPEGE and energetic tools, it is possible to document the 
linear behaviour of such a real case. 
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MESOSCALE MODELLING OF A FASTEX CYCLONE: SENSI- 
TIVITY TO PHYSICAL PROCESSES DURING EARLY STAGES 
OF DEVELOPMENT 

I. Mallet, J.-P. Cammas and P. Mascart 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 
Toulouse. 

One important aspect of the FASTEX program concerns a better understanding 
of mechanisms involved during early stages of development of extratropical cy- 
clones of North Atlantic. The presentation is relevant to the role of upper-level 
disturbances and thermodynamical processes (in cloudy regions and boundary 
layer) during the first phase of a frontal cyclone deepening. The case study is 
the IOP17 (17-20 Feb 1997), which allows a full set of observations of the low 
from its formation south of Newfoundland to its mature stage in the Norvegian 
sea. Numerical simulations are performed with the MESO-NH model, which 
includes advanced parametrisations for explicit clouds, convection, radiation, 
turbulence in boundary layer as well as in upper air. and surface processes. The 
model is initialized by operational ARPEGE analyses, including some FASTEX 
soundings. Both analysed fields and MESO-NH outputs are processed with the 
same diagnostic tools, to determine the dynamical and diabatic contributions 
to ageostrophic circulations. Simulations of the whole life cycle are presented 
and discussed. A sensitivity study to latent heat release shows a large impact 
at meso-scales during the development phase. Role of air-sea exchanges is also 
investigated near the Gulf-Stream current before the trigerring of the cyclone, 
and in the Labrador sea where boundary layer type clouds are present. 

DYNAMIC AN» THERMODYNAMIC STRUCTURE OF THE MID- 
LATITUDE CYCLONE OBSERVED ON 19 FEBRUARY 19j>7 DURING 

FASTEX 

Marie-Pierre MOINE and Frank ROUX 
Laboratoire d'Aerologie, Obsematoire Midl-Pyrinies, 

4 avenue Edouard Belin, 31400 Toulouse 
E-mail: moimp@aero.obs-rnip.fr, Fax: +33 561332 790 

During FASTEX, coordinated observations were conducted to observe the 
structure and evolution of mid-latitude cyclones. IOP 17 lasted from 17 till 20 
February 1997, a period during which ground-based, ship- and airborne 
measurements followed a pressure low and the associated perturbed weather, as 
it propagated and evolved from the eastern US coast to the North Sea. A 
coordinated mission with the NOAA/P3 equipped with an airborne Doppler 
meteorological radar and the UKMO/C-130 with dropsonde capability was 
flown on 19 February from 03 till 12 UTC to document the structure of the 
precipitating features in the vicinity of the low, and the associated kinematic 
and thermodynamic characteristics. We will present and discuss preliminary 
results from the combined analysis of these airborne Doppler and dropsonde 
data. The deduced characteristics will also be compared with results from 
numerical models. 

ROLE OF THE ENVIRONMENTAL FLOW AND CONTRIBU- 
TION OF A DECAYING LOW ON THE DEVELOPMENT OF A 
FASTEX CYCLONE (IOP17) 

I. Mallet (1). J.-P. Cammas (1) and C. Baehr (2) 
(1) Laboratoire d'Aerologie (UMR CNRS/UPS 5500). 14, Ave. E. Belin. F- 
31400 Toulouse, (2) Meteo-France, F- Lille. 

Tin1 role of the environmental flow on the developpement of a FASTEX cy- 
clone (IOP17) is presented using the domain independant attribution method 
(Bishop, 1996). A stability study of the surface front is first conducted with cal- 
culation of environmental along-front stretching and cross-front frontogenetic 
component. Results based on operational ARPEGE analyses show low values 
of stretching rate, with a minimum 6 hours before the triggering of the cyclone. 
Frontogenetic component is also decreasing until cyclone formation. 
Contribution of a decaying surface low moving from the Great Lakes to the 
oceanic front before the triggering of the cyclone is then investigated by iso- 
lating the flow attributable to this "continental"' low. This flow induces warm 
thermal advecrion on both sides of the surface front diminishing thermal con- 
trast, it represents 20% of the total warm advection. The stability is then 
discussed again for the surface front embedded in the total flow without the 
one attributable to the continental low. Larger values of stretching rate and 
frontogenetic component are found, which shows evidence that the continental 
low contributes to the IOP17 cyclogenesis by diminishing along-front stretching 
anil frontogenetic effect. 

USE OF ECMWF SINGULAR VECTORS FOR TARGETING 
DURING FASTEX 

Andrea Montani and Alan J. Thorpe 
Department of Meteorology, University of Reading. Reading RG6 6BB. United 
Kingdom. 
A.MontaniOreading.ac.uk/Fax: [44] 118 931 8905 

Calculations of localised singular vectors (SYs) have been performed from the 
ECMWF/IFS forecasting model for IOPs 9, 11, 12 and 17. For each case-study, 
two sets of analyses have been prepared: a "control" set consisted of analyses in 
which all the FASTEX data had been removed from the operational analysis, 
a "perturbed" set was obtained by adding to the "control" the data from the 
dropsondes deployed in the region highlighted as sensitive by SYs. Analysis 
differences have been compared with S\' structure at initial time and with 
"pseudo-inverse" perturbations. Then, re-runs of the model, starting from the 
two different analyses, have been performed. The impact of the droposonde 
data on the forecast skill has been assessed on the basis of both subjective 
(e.g. mean-sea-level pressure forecast errors) and objective (e.g. root-mean- 
square errors) scores. Experiments of sensitivity to the numbers of dropsondes 
used have also been performed. Re-runs of the models from perturbed analyses 
tend to have better objective scores than those starting from the control ones, 
although synoptic improvements are not always evident on weather charts. 
Work is also in progress to link.SYs to the local atmospheric structure and 
the time evolution of SYs has been related to that of the basic state: potential 
vorticity diagnostics have been used to detect preferred regions for SY growth. 

APPLICATION OF EXERGY THEORY TO LOCAL ATMOSPHERIC 
ENERGETICS: DIAGNOSTICS FOR A FASTEX EVENT. 

Pascal Marquet, Meteo-France, Centre National de Recherche 
Meteorologiques, 42 Av. Coriolis. 31057 Toulouse Cedex 1. FRANCE 

The name exergy is used in thermodynamics to denote the available work that 
can be extracted from a system. A special case of this concept is called available 
enthalpy in meteorology. The exergy cycle that can be derived from it is a 
"local" one in that it can be applied to any individual pressure level embedded 
within any limited area domain. 

This cycle is different from the classic one introduced by Lorenz (Tellus, 1955). 
It is better close to the cycle proposed by Pearce (QJRMS, 1978). It is an exact 
cycle, without approximation. All the boundary fluxes are taking into account 
and the vertical exchanges between different levels can be computed. 

One case of the FASTEX period have been studied using these exergy 
diagnostics: it is the law n°38 that crosses the Atlantic from west to east between 
the 13 and the 16 February 1997. Operational analyzed and forecast data have 
been used every 6 hours so that the energetic behavior of forecasts can be 
verified against the energetics of analyzed one. The tendencies are computed 
starting from a 12 hours centered scheme, the generation and dissipation terms 
are realistic, they are computed as residuals of the "local" exergy cycle. 

All energy tendencies, fluxes, conversion terms, generation terms and dissipation 
terms will be presented with the help of "time"x"pressure" diagrams, for 
analyzed and forecasted data (base: day "D" and day "D-l"). 

A SECONDARY FRONTAL WAVE IN NEGATIVE STRAIN 

Douglas Parker 
The Environment Centre. University of Leeds. Leeds. LS2 9JT. UK. 
dougOlec.leeds.ac.ult/Fax: [44] 113 233-6716 

Recent work has investigated the role of large scale strain in modulating frontal 
instability. Diagnoses of strain in model data have confirmed theoretical re- 
sults, that strain generally suppresses instability and conversely, that instabil- 
ity is greater when the frontogenetic strain becomes weak. In particular, it has 
been suggested that negative (frontolytic) strain characterises a certain class 
of frontal wave development. By considering one such case in detail, in which 
a weak cold front wave develops in a frontolytic environment, it can be seen 
that it corresponds to the precursor of a triple point low. As such, this sug- 
gests a causal mechanism for triple point development, in which a wave, with a 
weak surface pressure signal, grows rapidly as it moves into the negative strain 
region (with respect to the cold front) which characterises the frontogenetic 
warm front. The warm front is a region of potential for instability, and a low 
develops in the triple point region. 
For the case discussed, analysis of the negative strain indicates that its magni- 
tude is large compared to that of the cold front vorticity. In the light of a simple 
barotropie model, this indicates that the strain is likely to dominate dynamical I 
instability for a part of the development period. As such, this is an indication 
that the strain may indeed be a key factor in some rapid developments. 

C640 



TWO-DIMENSIONAL AIRBORNE OZONE MEASUREMENTS 
DURING FASTEX 

F. Ravetta (1). G. Ancellet (1) and J.-P. Gammas (2) 
(1) Service d'Aeronomie du CN'RS, Paris, France, (2) Laboratoire d'Aerologie, 
Toulouse, France. 
francois.ravsttaeaero.jussieu.fr/Fax: [33] 1 44 27 37 76 

Field measurements in the frame of TOASTE (Transport of Ozone and 
Stratosphere-Troposphere Exchange) campaigns had shown the evidence of fos- 
sile stratospheric layers within the troposphere. This so-called filaments often 
originate in upper-level frontal activity giving rise to tropopause folds. To test 
the ability of global models to forecast such layers, to confirm their strato- 
spheric origine and to understand their interaction with the free troposphere, a 
new TOASTE measurement campaign took place in February 1997, in associ- 
ation with FASTEX. In particular, the Airborne Lidar for Tropospheric Ozone 
(ALTO) was flown on the French Fokker 27 research aircraft. This way and de- 
spite some very cloudy conditions, two-dimensional ozone vertical cross-sections 
are available. Between the 3rd and the 5"1 of February, a thin but widespread 
ozone-rich layer has been sampled. It is likely to originate in a former fold over 
Canada. This will be developped in a separate talk. During the same campaign, 
tropopause folds in their development stage have been observed and character- 
ized in both their transverse and longitudinal extensions. Further analyses are 
now under way using a meteorological mesoscale model (MM.5). 

DYNAMICS AND STATISTICS OF FORECASTS ERRORS IN A 
QUASI-GEOSTROPHIC MODEL 

C. Snyder (1), S. Trier (1) and R. Morss (2) 
(1) National Center for Atmospheric Research, Boulder, Colorado, USA, 
(2) Massachusetts Institute of Technology, Cambridge, Massachusetts, USA. 

A number of adaptive observational strategies were tested during FASTEX. 
These strategies make various assumptions about the statistics of errors in anal- 
yses and short-range forecasts. We employ a quasi-geostrophic channel model 
to investigate these statistics as well as the dynamics of small errors. Assuming 
a perfect model, estimates of error statistics are obtained by averaging over 
ensembles of forecasts initialized in two ways: In the first, the initial ensem- 
ble perturbations have specified (and simple) statistics, and in the second the 
ensemble consists of analyses from a three-dimensional variational data assim- 
ilation scheme, each of which receives independent and imperfect observations 
from a reference run of the model. We find that the dynamics influence the 
error statistics on the advective timescale for the flow; typically, this time scale 
is less than a day in midlatitudes where there is significant baroclinicity. 

OVERVIEW OF THE MESOSCALE CIRCULATION AND 

VORTICITY WITHIN SYSTEMS SAMPLED DURING FASTEX 

G.Scialom, Y. Lemaitre and A. Protat 
crrp7cTJRS/UVSQ, France 
Scialom@cetp.ipsl.fr/Fax 33   1-39-25-47-78 

One of the main objectives of the FASTEX experiment was the study of 
the structure of cloud-cyclone systems when they approach western 
Europe, with particular emphasis on the determination and understanding 
of dynamical processes involved in the development of secondary 
cyclones. In this context the systematic sampling of the systems by two 
aircraft equipped with Doppler radars, namely the US-French radar 
ELDORA-ASTRAIA, and the NOAA P3-radar both equipped with the 
French dual-beam antenna, offered a unique opportunity for 
documenting cloud systems at several scales. In particular the two aircraft 
regularly performed circular tracks in order to obtain an overview of the 
mesoscale circulation obtained throughout the sampled systems during 
each IOP. Vertical profiles of the winds, the terminal fall velocity of the 
hydrometeors, the divergence, the deformation, and the vertical vorticity 
were thus obtained, using DAVAD analysis, a new analysis of dual-beam 
airborne Doppler radar data adapted to circular tracks. 
First results of the systematic application of the DAVAD analysis to the 
ensemble of the circular tracks performed during FASTEX are presented 
in this paper, along with a synthesis of the results in terms of mesoscale 
dynamic and thermodynamic description of the observed lows. 

NEW OBSERVATIONAL PROOFS FOR SHORT-THERM VARIATIONS 
OF FORMATIONS OF LOWER TROPOSPHERE ASSIGNED TO GREAT 
SUNSPOTS ,AS CONTRIBUTIONS TO THE CYCLOGENESIS 

HLSzoc» (U and AK6ta-Kiu (2) 
fDeptExact /SocSc.TJhiv •3opron,^2h@geo.ctlm.huJix: 36-22-327697 
(2) Water Sution,SalontaJt-3630 

In our previous papers (EOS OenAsa. 1994-1997 md 17th IntConf.on 
Carpathian Meteorology 1996) we «re coming to the conclusion that between 
the time of crossing the loltr Central Meridian by to called 'correlational' 
aunipots and the time of appearance of meteorological cyclones in the 
Carpathian Basin exists one very close comexion.one very strong correlation.In 
this paper we refer to the solar and meteorological events between 7-16 SEP 
1997.Before 23-24 AUO yet not • single eiiwpotahowed,but after these data the 
number and the dimension of sunapota has been grown conaiderable,in 
conformity with the ML Wilson MWSI and MSP1 indexThe Wolf-flunber in 09 
SEP was 125 .In 07 SEP appeared on eastern-margine a 'correlational' aunspot 
with one very deep umbrajiaving a diameter over 20,000 km,preserring its 
characteristic during paaa of solar-diac.This sunapot crossed the Central 
Meridian in 13 SEP .the MWSI being around of 0,6 and in 14 SEP (delay only 
one day) the polar-cyclone appeared in Salonta (near border between Hungary 
and Roumania) as one very good defined cold-front with Ctrrocumulu» 
lenticularisrain-clouds,after a sudden shower a running rainfall (11.9 mm),very 
strong northerly-wind/iegative temperature gradient (-13 C)/neridionale 
stream-field transforming in one zonale stream-field 

UPSTREAM BAROCLINIC DEVELOPMENT OF SECONDARY FRONTAL- 
WAVE CYCLONES: IDEALIZED AND OBSERVED 

M. A. Shapiro (I) and Heini Wernli (2) 
(1) NOAA/ERL/Environmental Technology Laboratory, Boulder, Colorado 
(2) Institute for Atmospheric Sciences (ETH), Zurich, Switzerland 
mshapiro@etl.noaa.gov/Fax: 303-497-6978 

Numerical simulations of idealized cyclones with a primitive equation model in an 
extended f-plane channel show the formation of downstream and upstream cyclones that 
emanate from an initial, finite-amplitude, upper-level disturbance. Downstream 
synoptic-scale cyclones first appear in the vicinity of the tropopause and develop 
downward to the surface during their life cycle. In contrast, smaller, intermediate-scale, 
frontal-wave cyclones form upstream from the initially perturbed cyclone, first appearing 
as amplifying waves at the end of the trailing surface cold front of the initially perturbed 
cyclone, followed by an upward development to the tropopause. Differences in cyclone 
evolution, i.e., downstream "top down" versus "bottom up" development, are presented 
as idealized analogs of the Petterssen and Smebye (1971) "type B" versus "type A" 
cyclogenesis, respectively. Observations from the Fronts and Atlantic Storm-Track 
Experiment (FASTEX) illustrate examples of two North Atlantic cyclone developments 
that formed along the trailing cold front of a preceding primary rapidly developing 
cyclone. These secondary upstream developments were simulated with the NCAR/Penn 
State multiscale prediction model. It is proposed that the Norwegian cyclone family 
conceptual model with its upstream frontal-wave developments that form and trail behind 
the primary occluding cyclone is in agreement with the theoretical concepts of secondary 
upstream baroclinic development. 

ENSEMBLE-BASED TARGETED OBSERVATIONS DURING FASTEX 

I. Szunyoah1,2. Toth2. C. Bishop3, K. Emanuet4. C. Snyder5, J. Woollen2, 
W.-S. Wu4, T. Marchok2, and R. Morss4 (EMC7NCEP/NWS/NOAA, 
Washington DC 20233 USA) 

Targeted observations were adapth/ely taken in upstream sensitive areas dur- 
ing the FASTEX field experiments in order to improve the initial conditions for 
forecasts of frontal waves or mesoscale cyclones developing downstream. We 
evaluate the performance of the Ensemble Transform (ET) technique, which is 
one of several targeting methods used in real time during FASTEX, for seven 
Intensive Observing Periods. In the ET method an ensemble of forecasts, 
which is assumed to represent analysis and forecast uncertainty under stan- 
dard observational conditions, is transformed to represent uncertainties with an 
observational network augmented by extra targeted observations at any se- 
lected location. The ensemble-based targeting methodology, using the NCEP 
operational global ensemble, was found succesful in the following sense. (1) 
The ensemble spread in the standard ensemble is a good indicator of expected 
errors in the first guess forecast fields. (2) The ET technique can identify sensi- 
tive areas that affect preselected features developing downstream most at a 
later time. (3) The Amplification of Ensemble Perturbations (AEP) from the sen- 
sitive area to the verification area is an excellent indicator for the impact the real 
observations have on the control forecast. (4) AEP is highly correlated with the 
forecast improvement the targeted data brought about. The ET results suggest 
that targeting observations is a practically feasible way of improving forecast 
accuracy for preselected features in a complex flow. To insure that targeted ob- 
servations have the maximum possible positive impact (1) targeted data should 
be collected only for cases with high AEP, (2) for possibly large areas, and (3) 
be assimilated using flow dependent covariance information. 
1. UCAR ScrtntW M NCEP; 2. QSC (UurtI MO) * NCEP; 3. Ptnntylvllll* SUM Univ.; 4. MIT. 5. NCAR/MMM 
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The extratropical transformation of Atlantic hurricanes in 1995 

Chris Thorncroft, Dept. of Meteorology, University of Reading and Sarah Jones, 
Meteorologisches Institut, Universitaet Muenchen 

The Atlantic hurricane season of 1995 was extraordinarily active not only in terms of 
the number of hurricanes but also in terms of the number of storms which transformed 
into extratropical cyclones. According to the National Hurricane Center 7 tropical 
cyclones underwent extratropical transformation in the North Atlantic and 
2transformed over the continental US. At least 2 of the transformed storms affected 
western Europe. In fact Iris had a lower central pressure as an extratropical storm near 
the UK than as a hurricane. A further 3 tropical cyclones moved northwards of 35N 
but did not transform. This paper presents a synoptic overview of extratropical 
transformationof hurricanes Iris and Felix which occurred in the 1995 season using 
analyses from the UK Meteorological Office. Standard synoptic variables such as 
pressure and temperature along with derived quantities such as potential vorticity are 
used. The relationship of the tropical cyclone to upper level troughs, lower level 
baroclinic zones and surface low pressure systems is studied. Information: 

SUB-SYNOPTIC SCALE INSTABILITY ALONG THE JET 
STREAM 

Y. H. Yamazaki and \V. R. Peltier 
Department of Physics, University of Toronto, Toronto, Ontario, Canada M5S- 
1A7. 
hiroCatmosp.physics.utoronto.ca/Fax: [+1] 416-978-8905 

We have investigated the stability of a realistic model of the mid-latitude jet 
stream for both synoptic and sub-synoptic scale disturbances in the primi- 
tive equations system and subject to the anelastic approximation. Nonsepara- 
ble linear analysis of the stability of the two dimensional balanced jet reveals 
the existence of three primary modes of instability, respectively the Charney- 
Eady mode, a shallow sub-synoptic mode, and a mode that is focused on the 
tropopause. The same three modes of instability are also found in a simpler 
one dimensional model of tropospheric structure. The existence of the first two 
modes has been further confirmed in a series of three dimensional nonlinear 
simulations initialized with the same basic state flow and superimposed noise 
generated entirely by numerical truncation errors. Furthermore, in the evolu- 
tion of the sub-synoptic scale mode we have been able to isolate a pairing 
interaction through which the initial shallow disturbance dramatically deep- 
ens as its wavelength doubles. This would appear to represent a new mode of 
development. 

OA14 Parametrizations in large scale atmospheric 
models 

Convener: Viterbo, P. 

01 Intercomparison and validation of the 
ocean-atmosphere flux fields 

Convener: Gulev, S. 
Co-Convener: Taylor, P.K. 

Sponsorship: 

ON THE HISTORY OF OCEAN WAVES IN THE NORTH SEA 

E. Bauer, G. Bürger (1) and G. Bürger (2) 
(1) Potsdam Institute for Climate Impact Research, P.O. Box 60 12 03, D-14412 
Potsdam, Germany. 

Ocean waves evolve from wind fields of present and past times. The waves 
spread out from their generation region until they reach a coast where they 
break. Time series of wave data at a position describe the temporal evolution 
but the region of generation of the incoming swell waves can not be recon- 
structed. A numerical scheme is presented to determine the generation region 
by means of the spectral wave age. The spectral wave age is a measure of 
the time interval which has past since the spectral wave component was gen- 
erated. The scheme was formerly developed for wave data assimilation. Now, 
the scheme is used to estimate the impact on the wave climate in coastal re- 
gions from remotely occurring storminess. In addition, pattern of wind fields 
and wave fields which share maximal correlation are determined from Canoni- 
cal Correlation Analysis (CCA). The correlation function which is determined 
from CCA varying the lag of time between the fields has a secondary max- 
imum. This supports further that a significant fraction of wave energy is of 
nonlocal origin. Results are shown for waves propagating into the North Sea. 
Typical generation regions of the waves in the coastal regions are determined 
and possible coastal wave climate changes through wind climate changes in the 
generation region are discussed. 

FORCING OCEAN GENERAL CIRCULATION MODELS WITH AIR-SEA 
FLUX FIELDS 

B. Barnier 
Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble. 
bernard.barnier@hmg.inpg.fr/Fax:(33-4) 76-82-52-71. 

Solar radiation and air-sea exchanges of heat are responsible for temperature 
variations in the surface ocean and the lower atmosphere. Due to the larger heat 
capacity of the ocean, the time evolution of the ocean temperature is significantly 
slower. Thus, the ocean is the slow component of the coupled ocean-atmosphere 
system, and the paradox of forcing an ocean model with a prescribed atmosphere is 
that the slow component is forced by the fast one. Therefore, it is not possible to 
force an ocean general circulation model without some kind of a parameterization 
to account for the feedback to the atmosphere. An ideal situation would be to use an 
atmospheric model coupled to the ocean model, but it is not reasonable at present, 
for many reasons, to use coupled models for every ocean modelling application. 
The paper will discuss parameterizations of the ocean forcing function based upon 
model dependent flux corrections which objectives are to account for the feedback 
to the atmosphere and for uncertainties in air-sea flux estimates. The paper will aslo 
discuss the notion of geophysical consistency of the various components of the 
atmospheric forcing function, which is so important to ocean modelling. The 
presentation will make use of a monthly mean climatology of air-sea fluxes 
obtained from the 15 year re-analysis performed at ECMWF. Results from recent 
eddy-resolving simulations of the North Atlantic will be used to discuss the impact, 
interpretation, and short-coming of the flux correction term. 

AIR-SEA FLUX AND PRECIPITATION MEASUREMENTS IN 
THE LABRADOR SEA DURING FEBRUARY AND MARCH 1997 

K. Bumke, U. Karger and M. Grossklaus 
Institut für Meereskunde, Düsternbrooker Weg 20, D-24105 Kiel, Germany . 
kbunuce6ifm.uni-lciel.de 

Turbulent fluxes of sensible heat and momentum, which influence convection 
events in the ocean, were measured during the Labrador Sea Convection Exper- 
iment on the RV KNORR in winter 1997. The turbulent fluxes of momentum 
were estimated using the dissipation method, while the eddy correlation method 
was used to get sensible heat fluxes. Conditions were highly convective during 
the whole period with air-sea temperature differences of up to about -15K, and 
wind speeds were usually higher than 10m/s. Measured fluxes were compared 
to fluxes calculated by different boundary layer parameterizations. Since the 
thermohaline circulation in the ocean is also influenced by precipitation due to 
changes in the surface salinity, precipitation too was measured by an optical 
disdrometer. These precipitation rates were compared with estimates of precip- 
itation from synoptic weather observations by using an empirical relationship. 
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THE SEA SURFACE FLUX DATASET COLLECTED 
DURING THE CATCH/FASTEX EXPERIMENT 
G. Caniaux (1), L. Eymard (2) and H. Giordani (3) 
(1) Meteo-France, CNRM, 42 ave. Gaspard Coriolis, 31057 Toulouse Cedex, 
France, (2) CETP 10-12 Avenue de l'Eutope 78140 Velizy, France, (3) Meteo- 
France, CNRM, 42 ave. Gaspard Coriolis, 31057 Toulouse Cedex, France. 

The CATCH experiment was part of the FASTEX experiment during January 
and February 1997. Ah important ocean-atmospheric data set was collected 
on board of the N/O Le Suroit. The ship was located along the storm track 
and moved across the oceanic front system associated with the North Atlantic 
current. The main characteristics of this data set is the strong heterogeneity 
of atmospheric and oceanic conditions with periods of winds stronger than 
20m/s, strong sea surface temperature gradients and strong instability. Several 
storms were sampled during the cruise and classified in term of large scale 
weather conditions and local atmospheric measurement. Different bulk flux 
parameterizations were then applied to this data set to derive the turbulent 
fluxes in order to test their discrepancy by strong winds. These turbulent fluxes 
indicate that the flux are generally very weak in warm sectors despite the 
presence of the frontal jet and sharply increase up the 800Wm""2 in cold sectors 
because of sea surface and atmospheric temperature difference reaching values 
up to 10°C. 

FOAM COVERAGE AND SKINEFFECT OF THE OCEAN FROM 
SATELLITE DATA 

S. F.wald (Max-Planck-Inst. f. Meteorologie, Bundesstraße 55, D-20146 Ham- 
burg, Germany) 
Peter Schlüssel (Meteorologisches Inst., Universität München, TheresienstraBe 
37, D-80333 München, Germany) 

The foam cover of the ocean and the effect of the cold ocean skin have a strong 
impact on the gas exchange between ocean and atmosphere. The skineffect de- 
scribes the temperature difference between the cold skin and deeper layers of the 
ocean. Both parameters can be estimated with global coverage and sufficient ac- 
curacy using spaceborne infrared- and microwave-radiometers. The oceanic foam 
coverage can be directly retrieved from measurements of the Special Sensor Mi- 
crowave / Imager, while the skineffect is estimated from the energy fluxes at the 
air-sea interface. These energy fluxes are calculated with a bulk-parametrization 
from the relevant atmospheric and oceanic parameters, which are derived from 
satellite data. 
For the time period July 1987 to January 1989 global fields of the skineffect and 
foam coverage have been calculated. The monthly mean of the skineffekt for 
night situations vary between OK and 0.45 K. Because of the heating of the oce- 
anic surface layer due to the insolation, the skineffect for daytime is reduced. 
Global monthly fields of the satellite-derived foam cover indicate that values with 
more than 2% only occur polewards of 40' in both hemispheres and a maximum 
of about 4% in the respective winter. 

IMPACT OF THE HORIZONTAL GRDD IN AN ATMOSPHERIC MODEL 

A. de Montetv (1), Th. Fichefet (1), Ch. Poncin (1) 
(1) Institut d'Astronomie et de Geophysique G. Lemaftre, UCL, Belgium 
demontet@astr.ucl.ac.be/Fax:+32-10-474722 

A preliminary test before coupling together atmospheric and oceanic general 
circulation models is the complete validation of the atmospheric and oceanic 
components and especially of the flux fields at the interface. Indeed, if the fluxes 
computed by the atmospheric model contain important errors, the oceanic model in 
coupled mode will drift away from observed values. 

In this study, we have used the atmospheric model (LMDZ) built at the 
'Laboratoire de Meteorologie Dynamique' of the CNRS (Paris). A characteristic of 
this model is its ability to run with different horizontal grids. We have performed 
two atmospheric runs in forced mode with a regular grid or a sine of latitude grid 
in order to quantify the impact of the horizontal resolution on the model results. 
The resolution has 72 points in longitude and 45 points in latitude. The fluxes at 
the interface have been compared between the two runs and also with the 
observations. We have paid a particular attention to the polar regions and analyzed 
the atmospheric states over these regions. 

UPPER OCEAN   HEAT AND   SALT BALANCES   IN THE   WESTERN 
EQUATORIAL PACIFIC DURING TOGA COARE 

Ming Feng, Peter Hacker, and Roger Lukas (SOEST, University of Hawaii) 

The upper ocean heat and salt balances in the western equatorial Pacific warm pool 
during the Tropical Ocean Global Atmosphere (TOGA) Coupled Ocean-Atmosphere 
Response Experiment (CÖARE) were determined. Horizontal advection terms in the 
budget calculations are estimated using the R/V Wecoma repeat hydrographic survey 
data within a 130 km x 130 km region from three cruises during the 4-month-long 
Intensive Observation Period of COARE. Ocean microstructure measurements from 
the R/V Mbana Wave were used to estimate the turbulent mixing at the bottom of 
the control volumes. The (cruise mean) upper ocean heat budget is balanced within 10 
Wm-2 of the air-sea flux observations during the three cruises. The air-sea 
freshwater flux is predicted from the upper ocean salt budget, and the derived 
precipitation values fall within the range of observations. During the strong 
westerly wind burst of December 1992, the salt budget fields a rainrate of about IS 
mm d-1. which is within about 20% of the rain guage observations composited from 
several nearby platforms. Advection terms are important in both the heat and salt 
balances. Meridional advection dominates over the zonal and vertical advections, 
acting to decrease the surface temperature and increase the surface salinity. The total 
heat flux into the thermocline is estimated to be more than 30 Wm-2. Both the 
diapycnal mixing and diapycnal advection terms are also important in the salt budget 
during the westerly wind burst. 

THE NORTH ATLANTIC OCEAN-ATMOSPHERE HEAT AND 
FRESH WATER FLUX VARIABILITY DERIVED FROM 
OCEANOGRAPHIC REPEATED SECTIONS DATA 

S.A.Dobroliubov 
Department of Oceanology, Moscow State University, Moscow, 117234, 
Russia 
e-mail: dobro@ocean.geogr.msu.su 

Repeated transatlantic hydrographic sections at 48°, 36° and 24° N were 
chosen for direct heat and fresh water air-sea flux evaluations. The 
coordinated strengthening and weakening of the meridional heat transport at 
36°N and 48°N were revealed while changes at 24°N were negligible. The 
divergences of the meridional heat fluxes between the repeated latitudinal 
sections are marked by high energy flux to the atmosphere between 36°N 
and 48°N in the early 1980s and low air-sea exchange between 24°N and 
36°N, while in 1950s and 1990s the situation was reversed and the heat 
exchange was much more higher in the southern part of the mid-latitudes. 
Despite of high uncertainties, the sign of the surface fresh water flux 
maintains the principal features of the heat flux divergence variations: the 
meaningful excess of evaporation in 1980s between 36°N and 48°N and the 
same situation between 24°N and 36°N in 1950s and 1990s. 

AN OGCM SIMULATION FORCED BY DADLY ECMWF SUR- 
FACE FLUXES: HOW TO DEDUCE OCEANIC HEAT FLUXES 
FROM SEA LEVEL VARIATIONS ? 

N. Ferry (1), G. Reverdin (1) and A. Oschlies (2) 
(1) LEGOS/GRGS Toulouse, (2) KM Kiel 
Nicolas.Ferry@cnes.fr / fax: +33 5 61 25 32 05 

Daily surface fluxes of heat and wind stress calculated from the recent ECMWF 
reanalysis for the years 1989 to 1993 are used to drive a high resolution primitive 
equation model over the North Atlantic ocean. The simulation is compared 
with the observed sea surface temperature (SST) and analyzed in terms of 
deficiency of the model and/or the forcing condition. Agreement between model 
and data is satisfactory during summer over the eastern part of the basin (SST 
error on the order of 0,5°C), whereas discrepancies increase during winter, 
exceeding 1,5°C in that area and 4°C in the Gulf Stream region. 
The heat budget of the upper ocean is then studied, revealing that in the 
north-eastern part of the Atlantic and on scales on the order of 1000km, the 
change in local heat content balances the surface heat fluxes, the advection 
being negligible. Since the steric height variation results mainly from the heat 
content change, the seasonal cycle of surface heat flux can be retrieved directly 
from sea level variations with an accuracy of about 20W/m2. Using the sea level 
anomaly from Topex/Poseidon altimeter, we then estimate seasonal oceanic 
heat fluxes for the years 1993 to 1997 and compare them with heat fluxes from 
the NCEP reanalysis. 
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IMPACT OF SURFACE LAYER HEIGHT CONSIDERATION ON AIR-SEA 
FLUXES FOR THE NORTH ATLANTIC 

S, L, Goodrick. M. A. Bourassa and D. M. Legier 
Center for Ocean-Atmospheric Prediction Studies, Florida State University 
goodrick@coaps.fsu.edu 

The log wind profile typically used in adjusting for differences in anemometer 
heights between ships is strictly valid only within the surface (constant flux) layer. 
There can be strong shear above the surface layer that is not accounted for by the 
log profile. Under stable conditions, the average ship-based anemometer extends 
above the surface layer and into this region of strong shear, introducing some error 
into the height corrected winds. The height of the surface layer is incorporated into 
the anemometer height correction process through a simplified one dimensional 
atmospheric boundary layer model. The mean magnitude of corrections to wind 
stress and latent heat flux fields resulting from surface layer height consideration 
are compared to those due to correction of both visual wind estimates and basic 
anemometer height adjustment. Despite affecting fewer observations than either 
Beaufort scale or basic anemometer height adjustments, surface layer height 
consideration yields mean corrections of similar magnitude to these more common 
adjustments. The flux fields for the North Atlantic Ocean are calculated, and the 
impacts of these corrections on ocean circulation characteristics explored. 

USING  TENDENCY  ERRORS  TO  OPTIMIZE  HORIZONTAL 
DIFFUSION IN A GENERAL CIRCULATION MODEL 

A. Guldberg and E. Kaas 
Danish Meteorological Institute Copenhagen, Denmark. 

In this study high resolution simulations are used to tune the horizontal dif- 
fusion in lower resolution climate simulations. Such a diffusion is needed to 
parameterize the dynamical effects of un-resolved wave-wave interactions or in 
other terms the energy and enstrophy cascades. We first use a simple four di- 
mensional data assimilation (nudging) to assimilate high resolution data into 
a T42/L31 version of the ARPEGE/IFS climate model. In this way the forc- 
ing errors can be monitored. A certain fraction of the forcing errors can be 
attributed to simple damping of individual spectral coefficients which is the 
most common way to parameterize horizontal diffusion in spectral GCMs. This 
damping is then considered an entirely empirical tuning of the horizontal diffu- 
sion. When the new horizontal diffusion finally is used in long climate simula- 
tions with ARPEGE, it is seen that the energy spectra are in better agreement 
with observed spectra. Furthermore, the general circulation and and the level of 
low-frequent variability is somewhat improved. The high resolution data which 
are used for the tuning include both ERA-data and data from a T106/L31 
simulation with the ARPEGE model. 

SATELLITE-DERIVED OCEAN SURFACE ROUGHNESS AND ITS USE IN 
REGIONAL WIND STRESS DETERMINATION 

J.GOURRION, B.CHAPRON, D.VANDEMARK and T.ELFOUHAILY 
(IFREMER, Plouzane, France) 

Single frequency altimeters routinely produce global ocean wind speed estimates. 
However, uncertainty in this product remains in large part because the relative 
impact of long and short ocean waves on backscatter has not been well established. 
Recently, measurements of the TOPEX dual-frequency altimeter were used to estimate 
a surface wind stress that is free from long wave contamination, at least for moderate 
to high winds. As an alternative, we also proposed a new altimeter-derived parameter 
characterizing sea surface roughness of small scale, zw. It was shown that 
altimeter-derived surface roughness seems to be strongly correlated with 
aerodynamic roughness length, zo. But, as there was no independent estimation of 
wind speed in this study, this remained untested. Here, using wind model, satellite 
scatterometer and altimeter data, we analyze this relation between zw, zo and surface 
wind to show the utility of the altimeter product. In particular, this zw parameter is 
estimated for the Tropical Pacific and Azores to examine regional and temporal 
variation of wind stress. Results are compared and contrasted with availeble stress 
fields. 

INTERCOMPARISON OF THE REGIONAL HEAT BALANCES 
FROM HYDROGRAPHIC DATA AND VOS OBSERVATIONS 
FOR THE NORTH ATLANTIC MID LATITUDES 

Sergey Gulev (P.P.Shirshov Institute of Oceanology, RAS, Moscow, Russia), 
Sergey Dobroliubov (Moscow State University) 

Oceanographical estimates from the cross-Atlantic crossections at 25N, 36N, 
and 48N allow to compute divergences of the heat for two latitudinal belts in 
the North Atlantic mid latitudes. These estimates were obtained for the three 
periods -1957-1959,1981-1982, and 1992-1993 and show quite a large change 
of the imbalances. Oceanographical imbalances estimates which are assumed to 
be balanced by the sea-air heat flux, are compared to the fluxes evaluated from 
the individual COADS reports for these three periods. Different 
parameterizational schemes and correction procedures were used to arrive to 
the oceanographical estimates. Nevertheless, with no one combination of 
parameterizations we were not successful to fit (with the accuracy of 
uncertainties) to all six (three periods by two latitudinal belts) hydrologial 
estimates of imbalances. There is a better agreement for the latitudinal belt 36- 
48N. With respect to the time, the largest disagreement was found for the early 
1980s. There was somewhat better progress with the description of tendencies 
in the divergincies, although not very much progress. The question remains, 
whether oceanographical adjustment of the sea-air fluxes is a reasonable 
exercise. 

DROPSIZE DISTRIBUTIONS OF MARINE TROPICAL PRECI- 
PITATION FROM DIFFERENT CLIMATIC REGIONS 

M. Grossklaus and L. Hasse 
Institut für Meereskunde, Düsternbrooker Weg 20, D-24105 Kiel, Germany . 
m. grossklausCifm. uni-kiel. de 

The large scale circulation of the world oceans is not only driven by the wind 
but also by density gradients. The contribution of precipitation to the total 
fresh water input into the oceans, however, is practically not known. Nowadays 
space borne remote sensing techniques are used to estimate global precipitation. 
These methods, however, use algorithms based on the assumption of simple 
logarithmic dropsize distributions (Marshall and Palmer, 1948) at the ground. 
During 1997 in situ measurements of precipitation have been performed on 
different research vessels operating between 7 and 60 degree northern latitude. 
A total of about 15 000 dropsize distributions were recorded and analyzed with 
respect to their curvature, rainrate, liquid water content and radar reflectivity. 
In order to overcome the problems of precipitation measurements on moving 
ships the KM optical disdrometer (ODM 470) was used. This novell disdrometer 
records dropsize distributions with a resolution of 0.05 mm. Both the dropsize 
distributions of low and high latitudes show large variability in curvature and 
rainrate. Knowledge of more realistic marine precipitation characteristics will 
help to improve the remote sensing of precipitation. 

EVAPORATION AT THE SURFACE OF THE BALTIC SEA 

H.-J. Isemer (1), R. Lindau (2) and D. Jacob (3) 
(1) GKSS Forschungszentrum Geesthacht GmbH, Institute for Atmospheric Physics, 
isemer@gkss.de/Fax: +49 4152 87 2020, (2) Institut für Meereskunde Kiel, 
(3) Max-Planck-Institut für Meteorologie Hamburg. 

BALTEX is aiming at the exploration and modelling of energy and water budgets of 
the entire water catchment area of the Baltic Sea. The Baltic Sea covers about 20 % 
of the BALTEX region, and, at present, it is not precisely known whether precipita- 
tion minus evaporation over the Baltic Sea, even on an annual basis, is negative or 
positive. COADS ship observations from the period 1964 to 1995 have been used to 
calculate climatological estimates of evaporation for different sub-basins of the Bal- 
tic Sea using bulk parameterisations. Evaporation is correctedin the presence of sea- 
ice. Evaporation at the Baltic Proper shows a prominent annual cycle. Mean monthly 
values are lowest in May and highest during September to November. Individual 
monthly averages for sub-basins of the Baltic Proper range from near zero to more 
than 100 mm/month. Individual observations show extreme values exceeding 20 
mm/day (equivalent to a latent heat flux of more than 600 W/m2). The sensitivity of 
these estimates to both different parameterisation schemes and corrections of known 
observational biases is discussed. In particular implications of a new Beaufort scale 
and corrections to SST and airtemperature according to Kent et al. (1993) are pre- 
sented. The annual cycle of evaporation shows fair agreement with that taken from a 
10-years run of the MPI climate model ECHAM4-T106. 

C644 



A NEW SATELLITE METHOD TO OBTAIN OCEAN LATENT AND SENSIBLE 
HEAT FLUXES 

Charles Jones (1), Pete Peterson (1) and Catherine Gautier (1) 

(1) Institute for Computational Earth System Science (ICESS), University of 
California, Santa Barbara, CA 93106-3060. USA. 
cjones@icess.ucsb.edu/ Fax: 805-893-2578 

The exchange of energy, momentum and mass between the air-sea interface has to be 
consistently monitored in order to describe the natural climate variability. Long 
records of latent and sensible heat fluxes estimated from in-situ observations have 
been mainly limited to voluntary observing ships and moored buoys, and these lack 
adequate spatial and temporal coverage. Other sources of data such as satellite 
retrievals and global fields from «analysis projects include comprehensive temporal 
and spatial resolution and provide additional information that can complement in-situ 
observations. This paper presents a new satellite method to compute ocean latent and 
sensible heat fluxes. The method uses a similarity theory model, surface wind speeds 
and total precipitable water from the Special Sensor Microwave Imager (SSM/I) and 
SST from NCEP «analysis. The innovative aspect of the new methodology is the 
estimation of surface specific humidity and air temperature. These are estimated from 
SSM/I total precipitable water and NCEP SST «analysis using an artificial neural 
network trained to high quality surface marine data. The data record extends from 
January 1988 through October 1997. This paper will show a comparison of latent and 
sensible heat fluxes from NCEP/NCAR «analysis, surface marine data and satellite 
estimates. 

COMPARISON OF SURFACE HUMIDITY AND AIR TEMPERATURE 
ABOVE THEOCEANS FROM NCEP AND COADS DATA SETS 

A. Kapala and H. Maechel OA2 
Processes in regions of oceanic time series stations e-mail: maechel@uni-bonn.de, fax: 
0049 228 735188 

Monthly means of the surface specific humidity (qa) und air temperature (Ta) from 
NCEP-Reanalysis and COADS data set have been compared above the oceans 
(700N-300S) for the period 1982-1993 (144 months). The results show that: on 
average (700N-300S) the COADS-qa is lower than the NCEP-qa by about 0.5 g/kg, 
the qa differences generally decrease in the course of time, and that: the COADS-Ta is 
generally higher by about 0.40C, the Ta differences increase in the course of time, the 
Ta differences in subtropical areas and in mid-latitudes north of the equator dependent 
on the season, however opposite to the qa differences (higher in summer, lower in 
winter). Further, the spatial patterns of the Ta and qa from COADS as well as from 
NCEP-Reanalysis are examined with regard to their coherency. Based on the evaluated 
exponential relationships between the monthly means of the Ta and qa (seperatly for 
COADS and NCEP), the residual fields of the observed and computed qa are analysed. 
Whilst the mean residual fields from the COADS coinside well with the large-scale 
circulation patterns, the corresponding NCEP fields are indistinct The evaluated 
relationship between the Ta and qa from COADS for the period 1982-1993 is applied 
to an assessment of the monthly means of qa for the period 1951-1993 and the 
predicted qa fields have been compared with the observed qa fields by means of 
pattern regressions. 

INTERCOMPARISON OF OCEAN ATMOSPHERE 
FLUXES FROM ATMOSPHERIC AND OCEANIC 
MESOSCALE SIMULATIONS 
P. Josse, G. Caniaux and S. Planton 
Meteo France, CNRM/GMGEC, 42 av. G. Coriolis, 31057 Toulouse Cedex, 
France or josse@cnrm.meteo.fr. 

The SEMAPHORE experiment was conducted in the Azores-Madeira area 
from June to November 1993 and was devoted to the study of air-sea interac- 
tions at the mesoscale. The extended dataset collected during the IOP allows 
the initialization of mesoscale oceanic and atmospheric models. 
A preliminary study with ID and 2D idealized atmospheric simulations has 
shown the impact of a SST front on the atmospheric boundary layer. Symmet- 
rically, 3D oceanic simulations on the SEMAPHORE area revealed a strong 
response of the oceanic mixed layer, specially during the 29-30 Oct 1993 storm 
event. Consequently, this period was chosen to focus on the coupled physical 
processes at the ocean-atmosphere interface. Two simulations have been per- 
formed: one with the non-hydrostatic mesoscale atmospheric model Meso-NH 
of the CNRM and LA laboratories and one with the mesoscale version of OPA, 
the primitive equation oceanic model developed at the LODYC (Laboratoire 
d'Oceanographie Dynamique et de Climatologie, Paris). These runs show the 
ability of both the atmospheric and the oceanic models to reproduce most of the 
mesoscale features observed during the storm event. The surface fluxes of the 
two simulations will be compared in order to investigate the physical processes 
that may prove significant when the two models are coupled. 

COMPARISON OF SURFACE METEOROLOGICAL DATA AND 
FLUX FIELDS WITH IN-SITU MEASUREMENTS OVER THE 
LABRADOR SEA DURING WINTER 

U. Karger (2), K. Bumke (1), R. Jiirrens (1) and C. Simmer (2) 
(1) Institut für Meereskunde Kiel, Düstembrooker Weg 20, D-24105 Kiel, Ger- 
many, (2) Meteorologisches Institut der Universität Bonn, Auf dem Hügel 20, 
D-51121 Bonn, Germany. 

The Labrador Sea is an area where intense air-sea interaction and ocean ther- 
mohaline deep convection is present during winter. Dense water which is formed 
by the ocean heat loss and increasing surface salinity is important for the re- 
newal of deep and bottom waters and the ocean circulation system. Typical 
is an instable boundary layer over the Labrador Sea during winter caused by 
continental cold air advection in combination with strong northwesterly winds. 
The aim of this study is to investigate the quality of surface data fields with the 
focus on air temperature, humidity, sea surface temperature, wind speed and 
the turbulent fluxes. In situ measurements for this comparison were made on 
the RV Knorr during the Labrador Sea Deep Convection Experiment in Febru- 
ary and March 1997. Sensible and latent heat fluxes were nearly 300 W/sqm on 
average during the cruise rising ship measurements and bulk formula for calcu- 
lation. The used data fields are from the NCEP Reanalyis Model, the mesoscale 
model REMO and remotely sensed parameters. In data sparse regions like the 
Labrador Sea additional informations are useful. Thus surface wind speed and 
latent heat flux are considered which are derived from microwave brightness 
temperatures measured with the Special Sensor Microwave/Imager(SSM/I). 

HOAPS: A SATELLITE-DERIVED WATER BALANCE CLIMATOLOGY 

V. Jost (Met. Inst, der Universität Hamburg, Bundesstraße 55, D-20146 Hamburg, 
Germany) 
J. Schulz (Deutsches Zentrum fur Luft- und Raumfahrt, DFD-US KP, Linder Höhe, 
D-51170 Köln, Germany) 

Global water balance estimates suffer often from the lack of data over remote ocean 
areas especially in the southern hemisphere. Polar orbiting satellites like the Special 
Sensor Microwave/Imager (SSM/I) and the Advanced Very High Resolution Radi- 
ometer (AVHRR) provide an almost global coverage within a few days. Hence, it is 
meaningful to derive a climatology of ocean-atmosphere evaporation, rainfall, and 
water balance with recently developed methods from SSM/I and AVHRR data. 
Whereas the rainfall is retrieved directly from SSM/I data, evaporation has been 
parameterized from satellite-derived atmospheric humidity, wind speed, and sea-sur- 
face temperature using a bulk approach. All retrieval methods were validated in com- 
prehensive comparison studies with various in situ 'measurements. 

In this study the described methods are applied to satellite data during a 10 year 
time period, covering 1987-1996. The satellite-derived evaporation, rainfall, and 
water balance are sampled onto a global grid with three different spatial resolutions 
(0.5°, 1.0°, 2.5°) and averaged for three different time resolutions (day, pentad, 
month). The monthly, seasonal, and annual variability of the water balance on a glo- 
bal scale will be presented together with examples for processes like monsoon and El 
Nino events with high temporal and spatial resolution. 

RETRTVAL OF THE OPTICAL PROPERTIES OF THE BALTIC 
AEROSOLS - COMPARISON OF TWO METHODS 

Jolanta Kiigmierc7yk-Michulec. Anna Rozwadowska 
Institute of Oceanology, Polish Academy of Sciences, PL-81-712 Sopot, Poland 
michulec@iopan.gda.pl, rax: (48 58) 551 21 30 

Results of two methods of estimation of aerosol optical properties over the Baltic 
sea are compared. The direct (exact) method is based on measurements of the direct 
component of irradiance at the sea surface in 8 spectral bands (412, 443, 490, 510, 
555, 670, 765, 865 nm - the same as SeaWiFS). In the indirect method, Baltic 
aerosols are assumed to be a mixture of model aerosol types with strictly defined 
optical properties, i.e. maritime, rural and urban types. Their proportion in the Baltic 
aerosol is retrived from broadband spectral global irradiance measurements (VIS, 
IR) using radiative transfer parametrisation. Simultaneous measurements of the 
spectral global irradiance and its direct component taken on cloudless days at the 
South Baltic are applied to the comparison. 
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WIND OVER WAVES COUPLING 
V. K. Makin 
Royal Netherlands Meteorological Institute, P.O. Box 201, 3730 AE De Bilt, 
The Netherlands. 
makineknmi.nl/Fax: [31] 30 2210 407 

Wind over waves coupling models allow to relate the sea drag to the properties 
of the sea surface and peculiarities of momentum exchange at the sea surface. 
The drag coefficient can be then directly calculated from the wind speed and 
the sea state, expressed in terms of the wind wave spectrum. In the presence 
of sea spray, ejected into the atmosphere by breaking waves, the sensible heat 
and humidity fluxes above the sea depend on the momentum flux, and pecu- 
liarities of sea spray distribution above waves. A one-dimensional wind over 
waves coupling model is used to assess the wind speed dependence of momen- 
tum, heat, and humidity exchange coefficients. The model is viewed as a higher 
order parameterization of the marine surface boundary layer compared to the 
bulk parameterization. A role of short wind waves in forming the momentum 
flux to the sea is explained. The difference in exchange mechanism of momen- 
tum and heat is underlined. It is shown that the impact of sea spray on heat 
and humidity fluxes can be significant for a wind speed of about 25 m/s and 
above. 

AIR-SEA INTERACTION AND THE WEDDELL POLYNYA 

G.W.K.Moore 
Physics,UniversityofToronto,Toronto,Canada 
K. Alverson 
PAGES CPO, Bern, Switzerland 
e-mail: moore@atmosp.physics.utoronto.ca 

During the austral winters of 1974-1976, there existed within the ice- 
covered Weddell Sea a region of approximately 350,000 km2 that 
remained ice free. The absence of the insulating sea ice cover exposed 
the relatively warm surface waters of the Weddell Sea to the cold and 
very dry antarctic atmosphere. The ensuing intense air-sea interaction 
lead to vigourous convection in the ocean that resulted in the 
formation of a significant amount of Antarctic Bottom Water, the 
water mass that dominates the lowest 2 km of the world ocean. 
Remarkably little is known about the intense air-sea interaction that 
was associated with the polynya.  This has resulted in a considerable 
amount of uncertainty regarding certain important aspects of the 
processes of ocean convection and Antarctic Bottom Water formation 
as they occurred within the polynya. In this presentation, we will 
make use of the NCEP/NCAR reanalyses to provide a first view of the 
spatial and temporal variability in the air-sea interaction that occurred 
as a result of the existence of the polynya. 

VALIDATION OF FOAM MODEL FLUXES USING DATA FROM 
THE VrVALDI-00 CRUISE IN THE NORTHEAST ATLANTIC. 
M.E. McCulloch (Civil Eng,Unlverslt.y of Strsthclyd«, Glnsgow,G4 ONG,UK) 
H. Loach (Oceanography Lubs.UniverHlty of Llverpool,Livcrpool,LC93BX,UK) 

Til« aim of this work was to test the air-sea heat fluxes produced by the FOAM 
(Fine resolution Ocean-Atmosphcrc Model) of the U.K. Meteorologien] Office 
(UKMO) by comparing tlimn with iu-sltu fluxes observed during the U.K. 
Vivaldi cruise in the northeast Atlantic during Autumn 1Ü90, and hem content 
chmiRCS in the upper 200 m of the oceiin observed during the same cruise. The 
FOAM fluxes generally agreed within 30 W m"J with the «hip'» flux«« even 
though the net flux varied between +5 and -315 W m"2. 
The FOAM fluxes were then applied to a mixed layer model run at four cross- 
ing points along the cruise track where observed heat content changes wore 
calculable. The model was also driven using estimates of the gcostrophie heat 
aclvccllon derived from the cruise's CTD dnta, and estimates of Ekmnn advec- 
tion and pumping derived using ECMWF wind stress data, The model showed 
that the air-sea heat flux dominated the heat budget at nil of the crossing 
points. However, the difference between the observed and predicted heat con- 
tent change was 300 W nVs at oue of the sites, and over 100 W m-' at two of 
the others. Since the FOAM fluxes compared well with the ship's fluxes, but 
not the observed heat content changes the implication was that liest «dvectlon 
played a larger rdlc in the heat budget than predicted by the model. 

USE OF SATELLITE FLUXES FOR OCEAN MODELING 

Quilfen Y , Bentamy A., Grima N., IFREMER 
Delecluse P., LODYC/CNRS 

Uncertainties in the surface wind field have long been recognized as a major limitation 
in the interpretation of results obtained by oceanic circulation models. Surface winds 
over the global oceans are measured by scatterometry since ERS-1 launch in August 
1991 by the European Space Agency and now with the follow-on ERS-2 launched in 
January 1995. More than six years of mean weekly surface winds were processed onto 
a lo square grid at "Institut Francais de Recherche pour Exploitation de la Mer" 
(IFREMER). These winds are validated by comparison with various buoys arrays, 
showing a good agreement. In order to further evaluate this new wind field, the 
three-dimensional ocean model OPA7 developed at LODYC has been forced over the 
tropical oceans by the ERS derived wind stress fields and by fields from the 
atmospheric model Arpege/Climat for comparison purpose. Selected ocean parameters 
have been defined in order to validate the ocean model results with measurements of 
the TAO bluoys and with the TOPEX-Poseidon altimeter measurements in the Pacific 
ocean. It shows that the ability of the model to describe the short scale (a few weeks to 
a few years) oceanic variability is greatly enhanced in the case where the satellite 
surface forcing is used. It appears also that using solar and fresh water fluxes from the 
Arpege/Climat model, non coherent with the ERS-derived heat and momentum fluxes, 
induces biases in the mean ocean state. In the work presented here, we discuss mainly 
the impact on the oceanic simulation of the forcing fluxes coherency. 

THE IMPACT OF AIRFLOW DISTORTION ON IN-SITU 
METEOROLOGICAL WIND SPEED MEASUREMENTS 

B, I, Moat,  M. J. Yelland and P. K. Taylor. 
James Rennell Division, Southampton Oceanoqraphv Centre 
Southampton. SO 14 3ZH. UK. 
Ben.Moat@soc:soton.ac.uk 

Wind speed measurements obtained from ships are subject to 
systematic errors caused by the distortion of the air flow around the 
ships hull and • superstructure, an effect which is well known 
qualitatively. The effects of flow distortion can be significant even in 
the case of anemometers located in well-exposed sites on research 
ships. It is therefore- necessary to correct such ship-based 
measurements for these effects if accurate wind speed or surface flux 
estimates are to be obtained. In the case of merchant ship data the 
errors in anemometer-derived wind speeds are likely to be more 
severely affected. 
In this study, we discuss the use of a commercial Computational Fluid 
Dynamics (CFD) code which was used to simulate the flow air around 
various ships. This is believed to be the first fully 3-dimensional model 
to be used for this purpose. A range of results for different research 
ships will be shown to illustrate 1) the magnitude of the flow distortion 
and 2) the sensitivity of the flow distortion to the ship's orientation to 
the wind. Initial results from models of the air flow around merchant 
ships will also be shown. 

OBSERVATIONS OF ROLL VORTICES DURING AN EXTREME 
COLD AIR OUTBREAK OVER THE LABRADOR SEA. 

Ian A. Renfrew and G.W.K. Moore 
Department of Physics, University of Toronto, Canada 
email: ian@atmosp.physics.utoronto.ca 

Observational data from two research aircraft flights are presented. The flights 
were planned to investigate the air-sea interaction associated with an extreme 
cold air outbreak that occurred after the passage of a synoptic-scale low 
pressure system over the Labrador Sea during February 1997. Both high-level 
dropsonde and low-level flight level data were collected. The objectives were 
twofold: to map out the structure of the ubiquitous roll vortices, often 
illustrated by 'cloud streets' in satellite imagery; and to estimate the sensible 
and latent heat fluxes between the ocean and atmosphere during this event. The 
latter was achieved by a budget analysis of the Lagrangian flight level data. 
The flights were part of the Labrador Sea Deep Convection Experiment, 
investigating deep oceanic convection, and planned to overpass a research 
vessel in the area. Preliminary results suggest very large surface sensible fluxes 
(over 500 WmJ) and smaller latent heat fluxes (50-100 Wm:) occurred just off 
the ice-edge. 
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AIR-SEA-ICE INTERACTION IN POLAR REGIONS ON THE 

BASE OF EXPERIMENTAL DATA 

I. A. Repina 
Institute for Atmospheric Physics.Pyzhevsky 3, Moscow.109017 Russia. 
repinaeomega.ifaran.ru/Fax: [7 095] 9531652 

The present work is devoted to a detail analysis of the various aspects of air-seä 
interaction in the polar regions. Much attention has been paid to the estimation 
of bulk transfer coefficients for sensible, latent heat and momentum over snow, 
different ice types and over leads end pplynyas. These coefficients have been 
measured rarely, but are necessary for accurately modeling the surface energy 
budget. The data of AIDJEX, POLEX, Polex-GARP and other many-year data 
of Russian and foreign research expedition are used. The suitable methods 
of the measurements and calculations of the turbulent fluxes for the polar 
conditions are chosen. The data about surface roughness, bulk aerodynamic 
transfer coefficients, heat budget are systematized in dependence on wind speed 
and type of surface. The turbulent transfer of heat from leads and polynyas in 
winter is one of the largest terms in polar heat budget, therefore the peculiarities 
of the turbulent exchange over its are taken into consideration. 

A critical analysis of the empirical formulae for estimating the radiative fluxes 

over the Western Mediterranean Sea 

M. E. Schiano (1), M. Borghini (1), F. Belardinelli (2), C. Luttazzi (2) 
(1) lstituto per 10 Studio dell'Oceanografia Fisica-CNR, Pozzuolo di Lerici, Italy, (2) Istituto 
di Fisica dell'Atmosfera-CNR, Rome,Italy 
schiano@estosf.santateresa.eneait 

Direct measurements of solar radiation, atmospheric radiation, sea surface 
temperature and meteorological parameters were carried out during 13 cruises in the 
Western Mediterranean Sea in the years 1989-1997. These data constitute the more 
large experimental radiation data set available for this basin. The data were used to 
carry out a comparison between direct measurements and the predictions obtained 
by the most widely used radiative bulk formulae. The results show a general 
disagreement between measured and estimated fluxes for both solar radiation and 
longwave net flux. The observed differences may be mainly ascribed to a bad 
parametrization of the water vapour over the Mediterranean Sea, evidencing the 
peculiarity of this basin where evaporation phenomena are crucial. For many of the 
examined formulae, significative improvements of the predictions can be reached by 
a simple adjustment of the numerical coefficients in the water vapour correction 
term, although this is not yet sufficient to assure high accuracy. In fact, also the 
estimates obtained from the revised expressions show a large dispersion around the 
measured value. This indicate that the radiative fluxes are not univocally determined 
by the formulae as they are at the present and that they must be revised to take better 

into account the regional features. 

COMPARISON AND UTILIZATION OF NCEP GSM SURFACE STRESS 
AND ENERGY AND WATER FLUXES FOR COUPLED OCEAN- 
ATMOSPHERE MODELING AND PREDICTION 

.1. Roads. G. Auad, A. Miller, D. Cayan, S. Chen, W. White 
Scripps Institution of Oceanography 
La Jolla,CA 92093-0224 
U.S.A. 
fax: 619 534 8561 
email: jroads@ucsd.edu 

In order to develop a global coupled ocean-atmosphere 
prediction system, monthly, intraseasonal, interannual and 
decadal comparisons are being developed between the U.S. 
National Centers for Environmental Prediction (NCEP) and 
the Cooperative Ocean Atmosphere Data System (COADS) 
surface stress, energy, and water fluxes (E-P). Our principal 
test bed consists of the Oberhuber Pacific basin ocean model 
and the NCEP «analysis global spectral atmosphere model (GSM). 
Preliminary tests with these models, NCEFs «analysis, and 
observed fluxes have shown some major differences. In comparison 
to COADS, the NCEP rcanalysis and GSM tropical wind stresses 
are too weak in tropical regions. Nonetheless, patterns of variability 
appear realistic and drive realistic interannual to decadal variability 
in the ocean model. Magnitudes of sensible, latent, and radiative 
energy fluxes appear comparable in NCEP »analysis and GSM 
and COADS , especially in tropical regions. Water fluxes are 
currendy being examined and may eventually prove useful for 
explaining some local variability. How we are reconciling 
differences among the atmosphere and ocean models, rcanalysis, 
and observations will be discussed at the meeting. 

Investigation of the heat budgets for North Sea and Baltic 

Sea 
Results of model experiments. 

Corinna Schrum (Zentrum für Meeres- und Klimaforschung, Uni- 
versität Hamburg, Troplowitzstr. 7, 22529 Hamburg, Germany). 

With a 3-d coupled ice-ocean model for the region of the North Sea 
and Baltic Sea, the development of the heat content in both regions 
and the atmosphere/ocean heat fluxes are calculated. Results of 
a eigth years prognostic model run were presented. Interannual 
variability of the monthly mean fluxes and the oceanic heat content 
were investigated. Heat fluxes and heat contents of North Sea and 
Baltic Sea, and their sub basins, will be compared and the influence 

of different hydrographic conditions and sea ice development in both 
regions on the heat budget will be discussed. To investigate the 
influence of flux schemes on the results, some experiments with 
different flux schemes have been carried out for several years. The 
sensitivity of the oceanic heat content and the atmosphere/ocean 
fluxes will be investigated by intercomparisons of the results for 

different flux schemes. 

UNCERTAINTY IN ESTIMATION OF MEAN SOLAR RADIATION FLUXES 
AT THE BALTIC SURFACE FROM IRREGULAR SHIP-BORNE 
METEOROLOGICAL OBSERVATIONS 

Anna Rozwadowska 
Institute of Oceanology, Polish Academy of Sciences, PL-81-712 Sopot, Poland 
ania@iopan.gda.pl, fax: (48 58) 551 21 30 

Meteorological observations made onboard of Voluntary Observing Ships are an 
important source for climatological information, including incident solar radiation 
fluxes at the sea surface. These, however, are not measured directly but are estimated 
by application of radiation parametrisation to meteorological observations. Unlike in 
the land conditions, at sea, observations are irregular and unevenly distributed in 
time. The number of observations is often too little to cover all the possible 
meteorological conditions within a month. These factors make a considerable 
contribution to the uncertainty in monthly mean flux estimates, especially in case of 
areas of highly variable meteorological conditions like the Baltic sea region. Long- 
term regular meteorological observations from chosen island meteorological stations 
are applied to simulate and analyse the influence of observation number on 
uncertainty in monthly mean flux estimates. The problem of temporal correlation of 
meteorological observations is considered. 

ON THE SAMPLING ERROR OF MICROWAVE RAIN RATE RETRIEVALS 

IN THE TROPICAL PACIFIC 

J. Schulz (Deutsches Zentrum für Luft- und Raumfahrt, DFD-US KP, Linder 
Höhe, D-51170 Köln, Germany) 
V. Jost (Met. Inst, der Universität Hamburg, Bundesstraße 55, D-20146 
Hamburg, Germany) 

A comprehensive intercomparison of satellite- and doppler radar-derived surface rain 
rates during four months of the Tropical Ocean Global Atmosphere - Coupled Ocean 
Atmosphere Response Experiment has been carried out to obtain error bars for 
instantaneous and averaged products under tropical conditions. Because cruise aver- 
aged rainfall from polar orbiting satellites suffer from an undersampling of the diur- 
nal variability of rainfall, special attention has been given to an assessment of the 
sampling error of satellite-derived cruise averaged rainfall estimates. For each cruise 
surface rain rates were directly retrieved from two SSM/I instruments flown on the 
F10 and Fl 1 DMSP spacecrafts and sampled on three different grid spacings (0.5°, 
1.0°, and 2.5"). The radar data were sampled onto the same grids in two different 
ways: 1. As cruise averages from all available radar data, to give the "true" average, 
and 2. as averages from data during the satellite overpasses. The differences between 
radar and satellite products have been taken as measures for the sampling error. The 
analysis shows that the average rainfall derived from one satellite can be wrong by a 
factor of two. Overestimations are mostly caused by the detection of some events 
with high rain rates and the assumption that these persist over the whole cruise. 
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A METHOD FOR DETERMINING THE WIND VELOCITY FROM LIDAR 
MEASURMENTS OF ATMOSPHERIC AEROSOL. 

K.S. Shifrin. I.G. Zolotov 
Oregon Statt University, USA 
ihiMnk9uc3.ont.edu/Fu: (541) 737-2064 

The idea of this work is to use lidar observations over atmospheric aerosol for 
determining the wind velocity. Wind governs both the ocean-atmosphere exchange 
and the process of generation of atmospheric aerosol. The correlation between the 
wind velocity and tie intensity of aerosol generation is well known. This makes it 
possible to use the variability of aerosol characteristics for determining the wind 
velocity. One of the observation methods over aerosol is lidar measurements 
providing information on the aerosol efficiency for extinction and backscattering. 
This information can be inverted into the aerosol particle size distribution. 
According to current theory, the aerosol structure is described by a sum of at least 
two components relating to smaller and larger particles. The particle size 
distribution of each component is close to iognormal and is determined by three 
parameters. The problem of inverting lidar measurements into the distribution 
parameters amounts to solving an undedettimed system. In the case of two 
simultaneous lidars, this is a system of two equations for six unknowns. We 
developed a method for solving problems of this kind. For the numerical 
experiments, we chose two lidars working at the 0.55 and 10.6 mi. the first 
wavelength being most sensitive to small panicles, and the second one, to large 
particles. Such a choice makes it possible to retrieve the aerosol particle size 
distribution for the entire radius interval. The solution to the problem of inverting 
lidar data into the distribution function is essentially ambiguous. The mean over all 
solutions satisfying the input data was taken as an answer. The solution was tested 
for its sensitivity to measurement errors. The retrieval error for the particle size 
distribution in the 1-5 mi radius interval did not exceed 20% for an aerosol optical 
characteristic error of 5%. This means the wind velocity error will be 
approximately three times worse, since it is proportional to the aerosol mass 
variability, that is, to the third degree of particle radius. Nonetheless, the method 
has the merit of making it possible to determine the wind velocity over large 
oceanic areas, and so we believe it to be promising, particularly with airborne lidar 
measurements, much more accurate that those from space. 

MEASURING OF ATMOSPHERE-SEA-LAND INTERACTION 
IN NORTHERN PART OF CASPIAN SEA 

Yu. A. Volkov and I. A. Repina 

Institute for Atmospheric Physics, Pyzhevsky 3, Moscow, 109017 Russia. 
repina«omega.ifaran.ru/Fax: [7 095]9531652 

The behavior of frequency spectra and cospectra of the atmospheric turbu- 
lence over the non-homogeneous surface is described through analysis of the 
data obtained from the shipboard in the expeditions in the northern part of 
the Caspian sea (Delta of Volga river). These data sets have a wide variety 
kind of surface: the open water, the channels, the reed fields. The turbulent 
measurements are accompanied by the simultaneous remote sensing of the sea 
surface temperature by IR-radiometer. The obtained results indicate that exist 
the connection between the anomalous behavior of the low-frequency part of 
the temperature spectra and the mesoscale unhomogenios of sea temperature 
field. The influence of kind of surface on the turbulent characteristic of the 
atmosphere are investigated. The wavelet analysis are used for the processing 
of data. 

THE HYDROLOGICAL CYCLE FROM HIGH RESOLUTION ASSI- 
MILATION EXPERIMENTS FOR SELECTED REGIONS OF THE 
EARTH 

M. Stgndel and L. Bengtsson 
(Max-Planck-Institut für Meteorologie, Bundesstr. 55,20146 Hamburg) 

The reanalyses recently conducted at several institutions are intended to pro- 
vide internally consistent three-dimensional atmospheric datasets and surface 
fluxes unaffected by changes in the model or the analysis/forecast scheme. 
There are large uncertainties both in analysis or simulation of the components 
of the hydrological cycle. Therefore the reliability of precipitation estimates 
created with the analysis scheme is a key question. This is not only valid for 
long-term averages of precipitation, as necessary e.g. for GPCP, but also for 
limited areas and high temporal resolutions. 
We have conducted experiments in which ECMWF reanalyses are inserted by 
a Newtonian relaxation procedure into the ECHAM4 GCM, which is run at 
the same horizontal resolution (T106) as the reanalyses. Precipitation data 
from the reanalyses and from model simulations for selected regions and 
periods are compared to observational data sets covering tropical as well as 
extratropical sites. This includes daily data from West Pacific atoll and low 
island stations and from the EMEP network. 
Results from these simulations and comparisons to observations and analyses 
will be presented. 

OA14 Parametrizations in large scale atmospheric 
models 

Convener: Viterbo, P. 

02   Major   systematic   errors   in   global 
coupled models 

Convener: Stephenson, D.B. 
Co-Convener: Balmaseda, M.A. 

MODEL DRIFT IN THE SEASONAL PREDICTIONS AT ECMWF 

M. Balmaseda, J. Alves, D. Anderson, J. Segschneider and T. Stockdale. 
European Centre for Medium Range Weather Forecast, Shinfield Park. Reading RG2 
9AX. UK 

A coupled model consisting in the ECMWF amospheric model (cycle 15r8), and a 
version of the Hamburg Ocean Primitive Equations model (HOPE) is currently used in 
ECMWF to produce seasonal forecasts. The coupled model is integrated forward 
three times per week for lead times of 6 months. Full coupling is applied between the 
atmosphere and the ocean. Because of model error, a drift occurs after coupling which 
is not small compared with the size of the signal being predicted. The main features of 
the model drift will be discribed, and some possible causes discussed. 
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ANALYSE OF THE TROPICAL COLD ANOMALY IN THE LMD/IPSL 
COUPLED MODEL 

Emmanuelle Cohen-Solal, »*Herve Le Traut** et Ionela Musat 
LMD, Paris, France, e-mail: letreut@lmd.jussieu.fr 

The LMD Atmospheric General Circulation Model (AGCM) has been coupled to 
OPA, the LODYC Oceanic General Circulation Model (OGCM). It does not include 
a sea ice model but the ocean albedo is supposed to be the ice one when the simulated 
ocean surface temperature is under freezing. A further version includes a 
thermodynamical sea ice model fully coupled to the oceanic and atmospheric 
components. The model has been used for a 30 year-long simulation of the present 
climate (and in a different but close version, with the sea ice thermodynamics, for a 80 
year-long simulation). The simulated climate is approximately stable in global mean 
and simulates a realistic seasonal cycle. However, it exhibits some regional anomalies 
which seem to be triggered by various feedbacks. One of the most remarquable is the 
warm pool erosion and a zonal shape of the surface temperatures in the Pacific and 
Atlantic Equatorial Oceans. A double ITCZ in simulated in the Pacific and a cold 
tongue of water goes from East to West at the Equator. This zone is also very dry. The 
evolution toward this situation is quite fast and once installed it does not evolve with 
time. In order to point out the causes of these anomalies due to the AGCM part of the 
coupled model, we compare this coupled model results with the results of a simplified 
coupled model in which the atmospheric model is the same AGCM. In this model, the 
ocean component is reduced to the surface ocean and does not simulate the ocean 
circulation. The ocean model computes the depth of the surface mixed layer and the 
sea ice cover (thermodynamical model). It uses a prescribed term of ocean heat 
transport. There exist analogies between the tropical ocean simulated by the two 
coupled models. Therefore the equatorial anomalies come, at least partially, from 
AGCM misbehaviour. But the much larger amplitude of the anomalies in the fully 
dynamical coupled model suggests that the ocean circulation response can trigger the 
anomaly initiated by the AGCM. 

INITIALIZATION AND CLIMATE DRIFT ISSUES FOUND IN 
COUPLED CLIMATE MODEL INTEGRATIONS 

K. W. Dixon and R. J. Stouffer 
NOAA Geophysical Fluid Dynamics Laboratory, Princeton, NJ 08542, USA. 
kdCgfdl.gov 

In addition to producing a credible simulation of climatic means and variability, 
an ideal "control" integration of a coupled general circulation model (CGCM) 
should exhibit negligible climate drift. The presence of climate drift (an un- 
forced trend away from an initial state not associated with internally generated 
variability about a constant mean state) complicates the analysis of variabil- 
ity and climate change signals in CGCMs. Over time, climate drift can cause a 
model with a realistic initial state to evolve to a unrealistic climatic state. Mod- 
elers participating in CMIP employ various CGCM initialization strategies, yet 
the development of a CGCM that is truly free of climate drift in all its model 
components and in all geographic regions has proven elusive. Here, some as- 
pects of the related issues of CGCM initialization, coupling shock, and climate 
drift are discussed and illustrated with examples drawn from NOAA/GFDL 
CGCM simulations. In GFDL's CGCMs, the free exchange of fluxes among 
model components is augmented by the application of heat and freshwater flux 
adjustments to the ocean. This technique has in some cases controlled climate 
drift to the extent that simulations in excess of 7000 years have been conducted. 
In other cases, the use of flux adjustments did not yield successful integrations. 
The simulated air-sea fluxes and the initialization technique itself are examined 
in an effort to better understand these variable results. 

THE COUPLED MODEL EVTERCOMPARISON PROJECT 

Curt Covey and Emmanuelle Cohen-Solal 
PCMDI, Livermore, USA; LMD, Paris, France 
e-mail: covey@pcmdi.llnl.gov 

The Coupled Model Intercomparison Project collects output from global coupled 
ocean-atmosphere GCMs. We have collected output from 18 models: both "control 
runs" simulating the pre-industrial climate and future "greenhouse scenarios". Control 
run seasonal cycles generally differ from observations by an amount that is not much 
greater than the observational uncertainty. Ocean quantities, however, reveal large 
inter-model differences. Forced with a common greenhouse scenario, models simulate 
widely differing amounts of global warming. The database allows further analysis by 
providing a time series of heat penetration into the oceans. 

AN ASSESSMENT OF THE ROLE OF THE ATMOSPHERE IN 
ANTARCTIC SEA-ICE EXTENSION IN GLOBAL COUPLED 
MODELS. 

M.-A. Filiberti (Laboratoire d'Oceanographie DYnamique et de Climatologie) and 
J.-L. Dufiesne (Laboratoire de Meteorologie Dynamique). 

A global sea ice-ocean model (OPAICB) has been coupled with two 
atmospheric general circulation models (ARPEGE and LMD) in the 
context of the French climate community activities. Simulations with 
the same ice-ocean model forced by atmospheric fields are also 
available for comparison. 
In both coupled cases the ice extent jn the Antarctic region decreases 
rapidly, while it remains realistic in forced simulations. 
The causes of sea ice disappearance are different for the two coupled 
experiments : short-comings in heat flux for one model and in fresh 
water flux for the other one. 
Deficiencies in atmospheric parametrizations are identified and their - 
influence on the ocean and on the sea ice characteristics are analysed. 
Additional sensitivity experiments allow us to clarify the role of 
atmospheric forcing on the evolution of sea ice extension. 

SENSITIVITY OF THE SIMULATED CLIMATE IN THE 
TROPICAL PACIFIC TO OCEAN MIXING 

David G. DeWitt 
Center for Ocean Land Atmosphere Studies 
dewitt@cola.iges.org 

A diagnosis of the systematic errors in the tropical Pacific ocean of a 
coupled ocean atmosphere general circulation model (GCM) showed 
that the mixed layer depth was poorly simulated. The inclusion of an 
explicit mixed layer in the ocean model results in a substantial 
reduction in the error of the simulated sea surface temperature (SST), 
precipitation, and wind stress fields. The reduction of error in the 
(SST) field is zonally asymmetric with cooler SST in the eastern 
Pacific south of the equator. Warm SST errors in this region have 
previously been attributed to the poor simulation of marine stratus 
clouds off the South American coast. The mechanisms behind the 
SST error reduction are explored. In the GCM which includes an 
explicit ocean mixed layer it is found that improvements in the 
simulation of the marine stratus may not be needed. 

TROPICAL SYSTEMATIC ERRORS OF THE GIOTTO MODEL 

M. Fischer and A. Navarra 
IMGA-CNR, Via Gobetti 101, 40129, BOLOGNA, Italy, 
f isehereimga.bo.cnr.it/Fax: [39] 51-639 8019 

A new global coupled ocean atmosphere model has been developed. The oceanic 
part consists of the GFDL general circulation model MOM which is worldwide 
one of the most known and used ocean models. The atmospheric component is 
formed by the ECHAM-4 model. The physics of this general circulation model 
were developed at the Max-Planck-Institut in Hamburg and are optimized for 
climate studies. The coupled model is integrated without flux corrections. 
Two coupled runs with different vertical resolution in the ocean model are 
compared to each other, and major systematic errors in the tropics are in- 
vestigated. In contrast to observations the mean SST in the coupled model is 
almost symmetrical around the equator, and the southward extension of the 
warm surface waters of the warm pool is too small. As a direct result the South 
Pacific convergence zone (SPCZ) is not present in the model, and in contrast to 
observations a strong double intertropical convergence zone (ITCZ) is found. 
These features are common to many coupled models. Another common error 
of many coupled models is a semi-annual cycle of SST in the eastern equatorial 
Pacific which is also found in this model. We attribute most of these errors 
to the vertical mixing in the ocean model. Especially in the eastern tropical 
Pacific the stratification of the upper 40 meters is too stable. Thus the SST is 
dominated by heat fluxes which leads to the observed errors. 
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USING TENDENCY ERRORS AS ADDITIONAL FORCING IN 
A GENERAL CIRCULATION MODEL 

E. Kaas and A. Guldberg 
Danish Meteorological Institute Copenhagen, Denmark. 

The long term mean flow simulated in General Circulation Models (GCMs) 
of the atmosphere exhibits certain systematic errors compared to climatology. 
These errors are due to errors in the tendencies of the prognostic variables 
computed from the model equations; ie. forcing errors. Because of energy dis- 
persion and feedback's the spatial distributions of the long term mean forcing 
errors and the long term mean errors in the prognostic variables themselves are 
generally quite different. Therefore it is almost impossible to use the long term 
mean errors in the prognostic variables to deduce where the forcing errors are 
located in time and space and to deduce their nature. But forcing errors can be 
obtained as the difference between observed tendencies and model tendencies 
and they will constitute a space-time map of all the model deficits. In this study 
the long term mean tendency or forcing errors in both January and July are 
calculated for all the dynamical prognostic variables in the Arpege/IFS climate 
model. This is done via assimilating ERA data into the model using a very sim- 
ple four dimensional data assimilation (nudging). The identified forcing errors 
are next used as additional forcing in long perpetual Jan. and Jul. simulations. 
It is seen that the model long term systematic errors are generally reduced by 
using the additional constant forcing. 

Improvements Achieved in a Coupled GCM obtained by Addressing Systematic 
Errors in the Eastern Equatorial Pacific 

Carlos R. Mechoso. Jin-Yi Yu, and Chung-Chun Ma 
Department of Atmospheric Sciences, University of California Los Angeles, 
mechoso@atmos.ucla.edu 

Despite major improvements in the performance of coupled GCMs of the Tropical 
Pacific, it is still possible to detect the presence of systematic errors. For example, 
SSTs along the coast of Peru tend to be too warm, and the cold tongue tend to have 
unrealistic annual variations. Our coupled GCM, which consists of the UCLA AGCM 
and a version of GFDL's MOM also shared these troublesome features. In addition, the 
model produced an unrealistically weak interannual variability. This paper describes 
the improvement achieved by addressing key model parameterizations. The emphasis 
is on the model performance, rather than on the detail analyses of model features. It is 
shown that an improved representation of PBL processes in the AGCM results in a 
drastic improvement of the mean climate and interannual variability. In particular, 
both the annual mean SST along the equator and the seasonal cycle of the cold tongue 
are improved. It is shown that at least part of this improvement is due to a better 
simulation of marine stratus. The feedbacks of the coupled system, however, 
somewhat reduce the expected improvement. Simulations and experimental 
predictions of ENSO will be presented at the conference. 

A COUPLED OCEAN-ATMOSPHERE CLIMATE MODEL WITH 
INHOMOGENEOUS GRIDCELL SURFACES 

S. Leyutke. R. Voss, U. Cubasch (Deutsches Klimarechenzentrum, Bundesstrasse 55, 
20146 Hamburg, Germany) 
A new atmosphere-ocean climate model (CM) has been set up to be used in studies of 
anthropogenic climate change and natural variability. Both the ocean (HOPE) and the 
atmosphere (ECHAM4) component models have already successfully been used in 
coupled studies of low-latitude climate dynamics. In these experiments, however, 
they were not interactively coupled at high latitudes since sea-ice (thermo)dynamics 
were not accounted for. In order for the CM to be used in long-term integrations we 
have incorporated a dynamic/thermodynamic sea-ice model. 
Fluxes at the ocean-atmosphere interface differ strongly depending on whether the 
surface is covered by ice or not.The scales involved, however, are much smaller than 
the grid size of CMs and the dependence of fluxes on the surface properties is highly 
nonlinear. We therefore allow for a partial ice cover and calculate separate fluxes on 
the ice-free and ice-covered part of each cell with appropriate parameterisations. 
The ocean component model retains the resolution used in the above-mentioned cou- 
pled model for low-latitude dynamics (2.8 deg decreasing meridionally to 0.5 deg 
near the equator). The atmosphere model, however, has a coarser grid (T30 instead of 
T42). It has been shown that the performance of ECHAM4/T30 in a forced mode is 
almost as good as that of ECHAM4H'42 with about half the CPU-time requirements 
only. The sensitivity of HOPE (when forced by ECHAM4 fluxes) to the resolution of 
the atmosphere can be shown to be low as well. 
We present first results of a coupled (control) integration concentrating on the per- 
formance at high latitudes. 

SENSITIVITY EXPERIMENTS WITH A COUPLED ATMOSPHERE- 
OCEAN GENERAL CIRCULATION MODEL 

Ch. Poncin (1), Th. Fichefet (1), H. Goosse (1) 
(l)Institut d'Astronomie et de Geophysique G. Lemattre, UCL, Belgium 

poncin @astr.ucl.ac.be/Fax: +32-10-474722 

The UCL's coupled atmosphere-ocean general circulation model (AOGCM) is a 
coarse-resolution model, which does not include any flux correction. Its 
atmospheric component is an improved version of the atmospheric general 
circulation model (LMD5) built at the 'Laboratoire de Meteorologie Dynamique' 
of the CNRS (Paris). The oceanic model (CLIO) is a free-surface, primitive- 
equation model developed at the UCL in Belgium. As many other AOGCMs 
without flux correction, this coupled model drifts away from realistic climatology. 
In order to improve the model behavior, a better understanding of its sensitivity to 
parameterizations is needed. Therefore, we have performed sensitivity 
experiments in coupled mode on either atmospheric or oceanic parameters. In the 
atmospheric component, we have altered the vertical resolution, the transition zone 
between cold and warm clouds, the precipitation rate of cold clouds, and the cloud 
overlapping along the vertical. For the oceanic component, we investigate the 
impact of the turbulent closure scheme. The aim of all these sensitivity 
experiments is to analyze the model drift away from observed climatology and to 
choice the best parameters. 

SENSITIVITY OF SURFACE HEAT FLUX TO PHYSICAL PA- 
RAMETERIZATION IN THE IPSL COUPLE MODEL 

Z.X. Li and M. Forichon 
Laboratoire de Meteorologie Dynamique du CNRS, Universite Paris 6, case 
courier 99, 4 place Jussieu, 75252 Paris cedex 05, France. 
liClmd.jussieu.fr 

The IPSL model is a global ocean-atmosphere coupled model in which we 
did not make any flux adjustment at the interface. The main climate drifts 
in this model can be summerized as a cold bias for the Tropics and a warm 
bias for the high latitudes. These drifts are tightly related to the heat flux 
reached at the oceanic surface. We study here its sensitivity to the changes of 
physical parameterizations in the atmosphere. In particular, results on cloud 
radiative properties, phase transition between water and ice, and convection 
parameterization will be presented. 

OBSERVATIONAL VALIDATION AND IMPLEMENTATION OF 
MODIFICATIONS OF THE SURFACE ALBEDO PARAMETERI- 
ZATION IN THE ECHAM4 GCM 

A. Roesch 
Institute of Geography, ETH Zurich, CH-8057 Zurich. 
aroeschQgeo.umnw.ethz.ch 

In order to obtain more confidence in the results from climate simulation, it is 
essential to address the large uncertainties related to snow cover extent and 
the albedo of vegetated snow covered land surfaces. 
Different global and regional data sources have been used to compare mean 
monthly albedo, snow cover extent and snow depth with the ECHAM4 GCM. 
The control experiment consists of a ten-year simulation of the present-day 
climate at T106 resolution with prescribed sea surface temperature and sea-ice 
coverage from the atmospheric intercomparison project (AMIP). 
This comparison has identified a number of deficiencies inherent in the 
parameterization of the albedo of (snow covered) land surfaces. To investigate 
the influence of modifications in the parameterization of ECHAM4, several 
ten-year model experiments have been performed. These modifications include 
a changed parameterization of the snow cover fraction, the splitting of the 
surface albedo into the visible and near-infrared band and the introduction of 
sub-grid-scale orography. Furthermore, a simple canopy model and an annual 
cycle of the leaf area have been used to better represent the albedo of forests. 
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NORTH ATLANTIC OSCULATION INTERANNUAL VARI- 
ABILITY IN OBSERVATIONS AND CMIP COUPLED GCMS 
RUNS 
D. B. Stephenson (1), V. Pavan (2), F. J. Doblas-Reyes (3) and R. Bojariu (4) 
(1) Meteo-France, 31057 Toulouse Cedex,France, (2) CINECA, 40033 
Casalecchio di Reno, Bologna, Italy, (3) Meteo-France, 31057 Toulouse 
Cedex.France, (4) National Institute of Meteorology and Hydrology, 71552 
Bucharest,Romania. 
The Coupled Model intercomparison Project (CMIP) is aimed at intercompar- 
ing and improving the behaviour of global coupled ocean-atmosphere models. 
Much attention has been focussed on the Pacific basin oscillation, ENSO, which 
has a large impact on North and South America. The equivalent counterpart 
for the North Atlantic basin is known as the North Atlantic Oscillation (NAO). 
Little is known about the dynamics and the variability of the NAO, although it 
is a dominant mode which explains more than 30% of the total large scale vari- 
ability of the 500mb geopotential height over the North Atlantic-European area. 
The North Atlantic Oscillation produces substantial alterations in the intensity 
and the extension of the North Atlantic wintertime jet storm-track, and has a 
large impact on the variability of European climate. Realistic simulation of the 
NAO is crucial in order to reproduce the correct climate variability over the 
North Atlantic and over Europe. As part of the NAOMIP CMIP sub-project, 
we have therefore analyzed the NAO variability in 18 CMIP multi-decadal cou- 
pled model integrations and have compared the results with those seen in the 
observed surface temperatures. Simple and multivariate methods have been 
performed in order to extract the main aspects of the variability and these will 
be discussed. 

TROPICAL PACIFIC VARIABILITY SIMULATED IN A 
ONE HUNDRED YEAR RUN OF A COUPLED GENERAL 

CIRCULATION MODEL. 

Aueustin Vintzileos (1). Jean-Louis Duftesne (1), Hervfi Le Treut(l), 

and Robert Sadoumy (1). 
(1) Laboratoire de Meteorologie Dynamique du CNRS, Paris, France 
augustin@lmd.jussieu.fr 

The LMD global atmospheric model coupled to the LODYC 
global oceanic model via the OASIS (CERFACS) coupler has been 
run for one hundred years without flux corrections and with present 
C02 concentrations. Biases of this model are a strong initial cold drift 
that leads to a warm pool at about 2°C-3°C colder than observations 
and a predominance for semi-annual rather than annual SST 
periodicity in the Eastern Pacific. However, this model presents strong 
interannual departures of the Nino 3 index which reaches amplitudes 
of 1°C-2°C with a spectrum dominated by a 32-month oscillation. In 
this paper we examine mechanisms responsible for the simulated 
interannual behaviour and we compare them with the mechanisms 
detected in a TOGA-CGCM. We also investigate possible impacts of 
the systematic biases on the simulated variability. 

OA14 Parametrizations in large scale atmospheric 
models 

Convener: Viterbo, P. 

03 Sensitivity of radiative pertubations in 
global coupled models 

Convener: Boucher, O. 

AN ANALYSIS OF TROPICAL CLOUD RADIATIVE FEED- 
BACKS IN A COUPLED OCEAN-ATMOSPHERE MODEL. 

S. Bony, J-L. Dufresne and L. Fairhead 
Laboratoire de Meteorologie Dynamique du CNRS, UPMC, 4 Place Jüssieu, 
BP 99, 75252 Paris cedex 05, France. 

Interactions between sea surface temperature, clouds and radiation play a fun- 
damental role in the natural climate variability and in the climate sensitivity 
to radiative perturbations. We will present an analysis of these interactions in 
the IPSL global ocean-atmosphere coupled model. First, this analysis will be 
based on seasonal and interannual variations, and a comparison will be done 
with satellite observations. Then, we will consider a transient C02 experiment 
of 80 years. A comparison of the tropical clouds feedbacks involved in the CO2 
experiment and in the seasonal or interannual variations will be presented. 

SULPHATE AEROSOLS AND TRANSIENT CLIMATE SIMULA- 
TIONS 

C. Bertrand and J.-P. van Ypersele 
Institut d'Astronomie et de Geophysique G. Lemaitre, Universite catholique de 
Louvain, 2 chemin du Cyclotron, 1348 Louvain-la-Neuve, Belgium. 
bertrandCastr. ucl. ac. be/Fax: 32-10-474722 

Based on growing evidence that increases in sulphate aerosols are able to coun- 
teract part of the greenhouse gases forcing, an increasing number of GCM stud- 
ies have started to include the direct effect of sulphate aerosol in their transient 
climate simulation. This direct effect of sulphate aerosols was represented in 
these models by an increase in the surface albedo. 
Using simpler 2-D (latitude-altitude) climate model we have first compared 
transient climate simulations forced by -1- the direct effect of sulphate aerosols 
computed at each model time step by a full radiative code and -2- changes in 
albedo as done in GCM simulations. 
Secondly, we have studied the sensitivity of a transient climate simulation to 
the chemical composition of sulphate aerosols. We have represented the di- 
rect sulphate forcing as sulphuric acid and as ammonium sulphate since lower 
tropospheric aerosols are largely neutralized by ammonia. 

SYSTEMATIC ERRORS IN THE NCAR CLIMATE SYSTEM 
MODEL: SENSITIVITY TO MODEL FORMULATION 

B. A. Boville and P. R. Gent 
National Center for Atmospheric Research, Boulder, CO, USA, 80307. 
bovill6«ucar.edu/Fax: [1] 303 497 1324 

Several simulations of the NCAR CSM have been performed/ranging in length 
from 30-300 years. Although the CSM does not use any flux adjustments, these 
simulations are characterized by a remarkably stable (drift free) climate in the 
atmosphere, land and upper ocean temperature. Although the surface temper- 
ature simulation is quite accurate, significant errors are found in precipitation 
and other important climate variables. In addition, there is a long term drift 
in the deep ocean state, which becomes colder and more saline throughout the 
simulations. 
This paper will summarize the major systematic errors in the CSM simulations. 
The long term drifts, mean biases, and errors in the interannual variability of 
the model will be presented. The sensitivity of these errors to several changes 
in model formulation will also be discussed. These changes include: removal 
of the ocean eddy mixing parameterization; changing the atmosphere-ice drag 
coefficients; and changing the mean aerosol optical depth. 
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THE TROPICAL OCEANS AND CLIMATE CHANGE 

Amy C. Clement and Richard Seager 
Lamont-Doherty Earth Observatory, Palisades, NY 10964, U.S.A.. 

Projections of climate change under increasing COi are often made with some 
assigned role to the ocean by either requiring that it transport no heat (a slab 
mixed-layer), or by fixing the ocean heat transport. This practice does not 
account for the dynamic coupling between the ocean and atmosphere. A two- 
box equilibrium model of the tropical climate is developed to test the sensitivity 
of the tropical climate to radiative perturbations with different assumptions 
about the ocean and to analyze the results of GCMs. The model is designed 
such that the ocean poleward mass flux is dynamically consistent with the 
mass flux in the atmosphere. This allows for comparison between the case 
when the ocean heat transport is fixed and when it is interactive. It is found 
that the ocean can have an impact on the sensitivity of the tropical climate to 
radiative perturbations mainly through its effect on subtropical marine stratus 
clouds. We also discuss recent studies that have suggested that an increase in 
merdional overturning in the low latitude ocean may reduce the sensitivity of 
the tropical climate to increasing COi- It is found that, while this may act 
to delay the warming due to increased CO2, in equilibrium, an increase in 
ocean heat transport actually increases the sensitivity of the tropical climate 
to increased COj. 

FIRST RESULTS OF A 2XC02 EXPERIMENT 
WITH A GLOBAL COUPLED MODEL 

J.L. Ricard (Meteo France, CNRM/GMGEC, 42 ave. Gaspard Coriolis, 31057 
Toulouse Cedex, France or Jean-Louis.Ricard@meteo.fr) 
P. Barthelet, L. Terray and S. Valcke (CERFACS, 42 ave. Gaspard Coriolis, 
31057 Toulouse Cedex 1, France) 

A 2XCO2 global coupled simulation is presently performed at CNRM. The 
models are the Arpege-Climat-V2 AGCM (developped at CNRM) and the 
OPAice OGCM (developped at LODYC) coupled every day with the OASIS 
coupler (developped at CERFACS). The AGCM is in truncation T31 with 19 
vertical levels; the horizontal resolution of the OGCM is 2°x 1.5° (0.5° at the 
Equator) with 31 vertical levels; a thermodynamical ice-model is included. 
The 2xC02 experiment is compared to two 100-year long simulations which 
have been performed at CERFACS: a reference run with a constant C02 and a 
run in which the C02 concentration increase is 1% per year following the IPCC 
scenario A. In this paper, we will focus on the main results from the 2xC02 
simulation. 

THE PINATUBO AEROSOL FORCING - ESTIMATED WITH 
ECHAM4 AND THE SIMULATED CLIMATE RESPONSE 

I. Kirchner (1), G.L. Stenchikov (2), Hans-F. Graf (1) and A. Robock (2) 
(1) Max-Planck-Institute for Meteorology, Bundesstraße 55, 20146 Hamburg, 
Germany, (2) University of Maryland, College Park, Maryland 20742, USA. 
kirehner«dkrz. da/Fax: [+49] 40-441787 

A spectral-, space-, and time-dependent set of the Pinatubo stratospheric 
aerosol was retrieved from different observational sources. The radiative forcing 
and the climate response were investigated with the Hamburg ECHAM4 GCM. 
Simulations with and without volcanic aerosol were conducted for different sea 
surface temperatures. The aerosol radiative forcing is not sensitive to the cli- 
mate variations caused by SST or the atmospheric response to the aerosols, 
except in regions with varying dense cloudiness. The sulfate volcanic aerosol 
produces strong heating in the lower stratosphere (up to 4K in the tropics) and 
tropospheric cooling in the order of -5 W/m?. After removing the QBO signal, 
and accounting for cooling caused by observed ozone depletion, the calculated 
stratospheric warming corresponds well to the observations. In the troposphere 
the observed summer cooling is simulated, but is weaker than observed. The 
winter warming over North America and Eurasia, caused by complicated dy- 
namical effects, is very sensitive to SST. The stratosphere-troposphere dynam- 
ical coupling includes intensification of the polar vortex in winter and forcing 
of the NOA circulation patterns. In our calculations the polar vortex is not as 
stable as in observations, and temperature anomalies are slightly lower. 

PERFORMANCE OF A GLOBAL COUPLED SIMULATION OF 
CLIMATE CHANGE ASSOCIATED WITH A DOUBLING IN 
THE COa ATMOSPHERIC CONCENTRATION 

S. Valcke (1), P. Barthelet (1) and L. Terray (1) 
(1) Centre Europeen de Recherche et Formation Avancee en Calcul Scientifique, 
42 avenue Coriolis, 31057 Toulouse Cedex, France. 
valckeOcertacs.fr/Fax: [33] 05.61.19.30.00 

A coupled control simulation with present-day CO2 atmospheric concentra- 
tion and a transient CO2 experiment, in which the CO2 concentration is in- 
creased by one percent per year, are presented. The general circulation cou- 
pled model is composed by the ocean-ice model OPAICE, from the Labora- 
toire d'Oceanographie Dymanique et de Climatologie, the atmosphere model 
ARPEGE-CLIMAT V.2, from Meteo-France, and the coupler OASIS 2.1 from 
the Centre Europeen de Recherche et Formation Avancee en Calcul Scientifique. 
No flux correction are used at the air-sea interface. 
The main features of the present climate are reasonably well reproduced in the 
control simulation. After an initial drift of about 16 years, the dynamics at the 
air-sea interface stabilizes, although a warm bias is observed in the Sea Surface 
Temperature near the continental East coasts in the Tropics and in the South- 
ern Ocean. The transient CO2 simulation starts after the control simulation has 
stabilized. It shows, at the time of CO2 doubling i.e. after 70 years, a global 
warming of about 1.6°C. This value and the main geographical characteristics 
of climate change are in agreement with previous studies published by other 
research groups, using either flux corrected or non-flux corrected models. 

ST2   Open session on the middle atmosphere (joint 
withOA) 

Convener Dameris, M. 
Co-Convener: Krüger, B.C. 

COMPARISON OF CRISTA I DATA WITH ER-2 MEASURE- 
MENTS WITH THE HELP OF A TRAJECTORY MODEL 

J. T. Bacmeister (2), G. Eidmann (1), V. Küll (1). D. Offermann (1) and 
P. Preusse (1) 
(1) Physics Department of Wuppertal, Gauss-Strasse 20, 42097 Wuppertal, 
(2) Code 7641, Naval Reseach Laboratory, Washington DC, 20375. 
eidmannewpos2.physik.uni-vuppertal.de/Fax: [49] 202 439 2680 

CRISTA measurements of CFC11 and HNO3 over Alaska at an altitude of 
about 20 km acquired during its first flight in November 1994 were compared 
with ER-2 observations in the same region over a time interval of eight hours 
at the beginning of the CRISTA mission. Though miss times and distances oc- 
cassionally were low, at several locations non-negligible discrepancies occured 
between the mixing ratios found by both methods. As atmospherical dynamics 
were high in the investigated region, a two-dimensional isentropic trajectory 
model using analyzed winds has been applied to shift data from both observa- 
tions to a fixed point of time for further comparison. The agreement between 
the mixing ratios from the two observations of both trace gases is shown to 
improve considerably following this analysis. 
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SENSITIVITY STUDIES OF THE WINTER MIDDLE ATMO- 
SPHERE WITH AN ADJOINT MECHANISTIC MODEL 

F. Baier (*) and G. Günther (*) 
(*) Institute for Geophysics und Meteorology, Cologne university, Albertus- 
Magnus-Platz. D-50923 Cologne, Germany. 

Four dimensional data assimilation has become operational in numerical 
weather prediction arid is now beeing developed for GCM's too. Adjoint model 
formulations are therefore needed as efficient computational tools. They can 
also be used for sensitivity studies. We derived an adjoint model version from 
a global mechanistic model of the middle atmosphere (COMMA) to test physi- 
cal parameterizations and predictability. To study Northern Hemisphere winter 
conditions we used three different data sets (SSU, UKMO. ECMWF) covering 
the time period from October 1991 until March 1997. For the lower stratosphere 
diabatic heating sources and planetary wave activity will be discussed. Above 10 
hPa observations are less frequent and reliable. But accurate knowledge of the 
radiation and gravity wave fields is strongly recommended e.g. for climatologic 
calculations. To analyse main contributions to the observed mean stratospheric 
and mesospheric circulation we used the adjoint system for sensitivity studies 
taking into account both observations and model dynamics. 

THE EVOLUTION OF THE STRATOSPHERE IN A 3-D GLOBAL 
GRIDPOINT MODEL AT THE PRESENCE OF STEADY STATE 
ENSO WARM AND ENSO COLD FORCING. 

A. Beck (1) and S. Leder (2) 
(1) RRZN, Universität Hannover, D-30159 Hannover, Germany, (2) Instiut fur 
Meteorologie, FU Berlin, D-12165 Berlin, Germany. 
beckOrrzn.uni-hannover.<U/Fax: [49] 511 7623003 

A global 3-d mechanistic gridpoint model is used to investigate the response 
of the stratosphere to different climatological lower boundary forcing at 200 
hPa. Three 1000 days model simulations with constant lower boundary forcing 
of the observered geopotential height fields at 200 hPa for January of ENSO 
cold, ENSO warm, and climatological mean will be compared in detail. Main 
emphasis is put on pronouncation of the stratospheric winter polar vortex and 
the intensity and the frequency of ouccuring stratospheric warmings. 
The use of the geopotential heights at 200 hPa of the ENSO cold January leads 
to a better pronounced stratosheric polar vortex as at the presence of ENSO 
warm or climatological mean lower boundary forcing. 

BISPECTRAL ANALYSIS OF NON-LINEAR TIDAL/PLANETARY-WAVE 
COUPLING IN THE MESOSPHERE AND LOWER THERMOSPHERE 

A.G.Beard. N.J.Mitchell and P.J.S.Williams 
Department of Physics, The University of Wales, Aberystwyth, Ceredigion,SY23 
3BZ, UK., E-mail: agb91@aber.ac.uk 

Atmospheric tides in the mesosphere and lower thermosphere are known to exhibit 
considerable short-term fluctuations in amplitude. The mechanisms producing this 
variability are poorly understood, but are believed to include non-linear interactions 
between tides and planetary waves. Meteor-radar date collected over the UK between 
1989 and 1994 are analysed in the light of current non-linear interaction theory, which 
suggests the production of secondary waves having frequencies that are the sum and 
difference of those of the primary waves (the tide and planetary wave) involved in the 
interaction. Quadratic phase coupling is also predicted between the primary and 
secondary waves. Bispectral analysis is a powerful technique for investigating the 
occurrence of such non-linear interactions and the suitability and limitations of this 
technique as a detector of quadratic phase coupling in geophysical data sets are 
discussed. 

DUAL WAVELENGTH POLARIZATION LIDAR OBSERVATIONS AT 
TROPICAL LATITUDES DURING THE ALBATROSS CAMPAIGN 1996 

Georg Beyerle«1'2', Heinz-Jürgen Schäfer*1'3', Thierry Leblanc<2>, I..Stuart 
McDermid<2>, and Otto Schrems'1' 
(') Alfred Wegener Institute, Germany, <2) Jet Propulsion Laboratory, Califor- 
nia Institute of Technology, USA, <3> Forschungszentrum Jülich, Germany 

An analysis of high altitude cirrus cloud observations and stratospheric temper- 
atures prpfiles derived from lidar observations during the ALBATROSS cam- 
paign (Atmospheric chemistry and lidar studies above the Atlantic ocean re- 
lated to ozone and other trace gases in the'tropo- and stratosphere) in October- 
November 1996 are presented. The measurements were performed aboard the 
German research vessel "POLARSTERN" between 35°N and 45°S. On the ba- 
sis of dual wavelength polarization data the temperature dependence of the 
relation between the color ratios of the parallel and perpendicular backscatter 
coefficients are analyzed. We find an abrupt change at about 240 K which is 
interpreted as changes of particle shape and/or size distribution. At tempera- 
tures between 195 and 255 K a small fraction of.the observations are consistent 
with the presence of small particles with dimensions of less than 0.1 fim. Alti- 
tude profiles of stratospheric temperature between 25 and 50 km are calculated 
by integration of the elastic backscatter signals at 355 and 532 nm. Deviations 
from the mean profiles are analyzed to study the wave activity in the tropical 
stratosphere. 

MASS EXCHANGE ACROSS THE SUBTROPICAL BARRIER 
IN A 3-D GLOBAL MODEL DURING A SIMULATED SUDDEN 
STRATOSPHERIC WARMING. 

A. Beck 
RRZN, Universität Hannover, D-30159 Hannover, Germany. 
beck9rrzn.uni-hannover.de/Fax: [49] 511 7623003 

The mass exchange from the tropics into midlatitudes across the subtropical 
barrier during a simulated midwinter stratospheric warming is investigated with 
a tracer experiment in a 3-d global gridpoint model. 
The exchange process is driven by the activity of planetary waves and clearly 
dependent on height. The largest flux out of the tropics occurs between 15 and 
20 km and is directed to the winter hemisphere. A smaller secondary maximum 
of flux of tropical air to midlatitudes is located near 30 km. Above this level, 
the flux from the tropics to midlatitudes decreases with height, reaching its 
minimum near the model stratopause. 

STUDY OF WAVE PROCESSES, RAISED IN THE ATMOSPHERE BY 
THUNDERSTORM, WITH HELP OF MUON HODOSCOPE. 

V.V. Borog, A.V. Gvozdev.V.V. Dronov E-ml: borog@nevod.mephi.msk.su 

New method of detection of internal gravity waves in atmosphere by means of ground 
level cosmic ray observations is developed. Muon hodoscope registers angular 
distribution of cosmic ray particles, which depends on air density up to 40 km height. 
The setup, constructed in Moscow (MEPHI), includes the microbarograph with 
sensitivity about 300 counts/mbar, and the muon hodoscope with area 9 sq.m and the 
angular resolution about 1-2 degrees. After calibration, this device was put into 
operation in 1997; it can continuosly register muon flux with statistical accuracy about 
0.5% for 1 minute time intervals. The setup operated in the period of thunderstorm 
activity on May 6-15,1997. The characteristics of wave processes in atmosphere, at 
this time interval, have been obtained simultaneously with help of the microbarograph 
and muon hodoscope. It is found, that internal gravity waves, generated in periods of 
storm activity, are effectively registered by means of muon hodoscope with a level of 
reliability higher than 99.99 %. It is shown that time of life of a^gravity wave in the 
period preceding the storm exceeds 4 hours, and distance of propagation of such wave 
can reach 200 km. At this time, the frequency resolution reached with muon 
hodoscope in peaks of power spectra density was 2-3 %, that is about in three times 
are better, than at microbarograph. Lengths of a waves in the period, preceding the 
storm, did not exceed 5 km, and 80 % of periods of gravity waves were in the range 
from 2 to 6 minutes. 
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STRATOSPHERIC SUDDEN WARMINGS IN THE BERLIN TSM 
GCM. PART 2: DIAGNOSIS USING THE TEM FORMULATION 

P. Braesicke and U. Langematz 
Institut für Meteorologie, FU Berlin, 12165 Berlin, Germany. 
braeOitrat01.net.fu-berlin.de/Fax: [+49] 30 838 711 28 

A ten year integration of the Berlin TSM GCM is used to demonstrate differ- 
ent evolutions of the Arctic polar vortex. The differences between the various 
wintertime sudden warmings in the Northern Hemisphere are described using 
the TEM (transformed Eulerian mean) circulation. The streamfunction for this 
meridional circulation shows a comprehensive picture of the time evolution. The 
relationship between the intensity of the streamfunction in mid latitudes and 
polar temperatures is investigated. 
Because the streamfunction only describes the zonal-mean structure, the analy- 
sis is extended using the EPV (Ertel's potential vorticity), which describes the 
three-dimensional flow. Selected examples of different events (early wintertime 
warming, minor warming and major warming) will be discussed in this way. 
The combined diagnostic framework incorporating the TEM Circulation and 
the EPV facilitates a clear description of the early winter conditions of the 
atmosphere and the evolution leading to the different types of warming events 
in the model. 

FIRST IN SITU TEMPERATURE MEASUREMENTS 
IN THE SUMMER MESOSPHERE AT ANTARCTIC 
LATITUDES 

F.-J. Lflbken(l). M. J. Jarvis (2), G. 0. L. Jones (2) 

(1) Physics Institute, Bonn University, Bonn, Germany. 

(2) British Antarctic Survey, Cambridge, United Kingdom. 

luebken@physik.uni-bonn.de Phone:+49-228-732648 

In the austral summer 1997/98 a series of meteorological rockets will 

be launched from the British Antarctic Station Rothera (68°S,68°W). 
The falling sphere technique will be used to determine mass density 

profiles from approximately 95 km to 30 km. Temperature profiles 

are deduced from these densities assuming hydrostatic equilibrium. 
Some preliminary results will be shown which represent the first in 

situ measurements in the upper atmosphere at southern latitudes. 
In order to study a potential north/south asymmetry of the thermal 

structure of the high latitude summer mesosphere our results will 

be compared with falling sphere measurements performed from the 

And0ya Rocket Range (69°N,16°E) during the summer of 1997. 

EVIDENCE OF THE SECONDARY MERIDIONAL CIRCULATION 
ASSOCIATED WITH THE QUASI-BIENNIAL OSCILLATION 
OBSERVED IN THE DISTRIBUTIONS OF TRACE SPECIES 

W, Choi (1), W. B. Grant (2), H. Lee (1), K.-M. Lee (3) and J. H. Park (2) 
(1) Dept. Atmospheric Sei., Seoul Nat. University, (2) NASA Langley 
Research Center, (3) Dept. Atmospheric Sei., Kyungpook Nat. University 
wchoi@plaza.snu.ac.kr/Fax: +822-889-4950 

Double peak structures observed in various chemical species in the tropical 
lower stratosphere imply sinking motion at the equator. The sinking 
motions are explained in connection with the secondary meridional 
circulation associated with the equatorial quasi-biennial oscillation. In 
this study, the meridional divergence points are located objectively in the 
tropical region at the boundary of rising and sinking motion from HALOE 
aerosol and HF. The locations of divergence are then compared with zonal 
wind and calculated meridional divergence. Divergence points are found 
with maximum easterly wind. In the time-altitude cross-sections of 
calculated divergence, divergence points are located in the divergence 
area. Contrary to the divergence points the convergence points are not 
easily located by the same objective method. The location of those 
convergence points found are not in agreement with the maximum westerly. 
The asymmetry between the divergence and convergence points seems to be 
the background rising motion due to residual circulation in the tropics. 

STRATOSPHERIC LOW FREQUENCY VARIABILITY IN MID 
AND HIGH LATITUDES: "TRIPLE PEAK SPECTRA" OR "BI- 
ENNIAL OSCILLATION"? 

C. Marquardt 
Institut für Meteorologie, Freie Universität Berlin, Germany. 

In a series of papers, Tung and Yang (1994a,b) and Yang and Tung (1994, 
1995) proposed that the QBO related interannual variability of total ozone in 
mid and high latitudes is characterized by a "triple peak" spectrum with peak 
amplitudes at periods of 8.5, 20 and 30 months. According to the authors, this 
spectral signature is the dynamical fingerprint of the tropical Quasi-Biennial 
Oscillation in mid and high latitudes. 
However, Salby (1997) and Baldwin and Dunkerton (1997) demonstrated that 
the low frequency variability in certain dynamical stratospheric quantities at 
high latitudes is dominated by variations with periods of 24 months. The origin 
of this "Biennial Oscillation" is left unexplained. 
By performing an EOF analysis on monthly mean fields of the circulation in 
the northern hemisphere stratosphere, spectral features of the low frequency 
variability in mid and high latitudes are examined. It is shown that, depending 
on the time period and pressure level in question, both triple peak spectra and 
purely biennial modes can be found. Extending the original argument of Tung 
and Yang by taking the "Ten-to-Twelve-Year Oscillation" (Labitzke, 1987, 
Labitzke and van Loon, 1988) into account, it is discussed how the observed 
spectral properties of stratospheric low frequency variability can be understood. 

IN-SITU MEASUREMENTS OF NEUTRAL ATMOSPHERE 
DYNAMICS IN THE POLAR MIDDLE ATMOSPHERE 

TorkUdEriksen, Ulf-Peter Hoppe, Eivind V. Thrane and Tom A. Blix 
Norwegian Defence Research Establishment 
toe @ffi.no/Fax:+47 6380 7212 

On October 12, 1997, a new rocket payload, RONALD, was launched 
from Andoya Rocket Range (69017'N, 16°01'E), and a second one will be 
launched in January 1998. One of the instruments on board, a Rayleigh 
lidar, observes the total neutral density profile between 50 km and -80 km 
on upleg, and from -80 km to <40 km on downleg. We study the 
dynamics of the neutral atmosphere, waves and turbulence, with respect 
to transport mechanisms and energy dissipation rate. We also derive 
instantaneous temperature profiles from the density profiles. Ground- 
based lidar observations and falling sphere data allow comparison of this 
new method of measuring density fluctuations with established 
techniques. An ion probe and an electron probe on the same rocket 
potentially allow comparison with the well-known methods using ions as a 
tracer. The results of these observations will be interpreted in terms of 
neutral atmosphere dynamics. 

VARIANCES AND SPECTRA OF GRAVITY-WAVE VERTICAL 
VELOCITIES AT MESOPAUSE HEIGHTS 

N.J.Mitchell and V.StC.Howeljs 
Department of Physics, The University of Wales, Aberystwyth, Ceredieion SY23 
3BZ, UK., E-mail: Nick.Mitchell@aber.ac.uk. 

The EISCAT VHF radar has been used to record vertical winds at mesopause heights 
on 31 days between June 1990 and January 1993. The data reveal a motion field 
dominated by quasi-monochromatic gravity waves with periods - 30-40 minutes, 
amplitudes of up to ~ 2.5 ms-1 and large vertical wavelength. In some instances waves 
appear to be ducted. Vertical profiles of the vertical-velocity variance display a variety 
of forms and profiles evaluated for consecutive days often show a persistent general 
shape. The mean variance suggests a semi-annual seasonal cycle with equinoctial 
minima and solsticial maxima. The mean vertical-wavenumber spectrum evaluated at 
heights up to 86 km has a slope (spectral index) consistent with observations at lower 
heights but disagreeing with the predictions of a number of saturation theories 
advanced to explain gravity-wave spectra. The spectral slopes are steeper (more 
negative) in summer than in winter and appear to be generally steeper on days with 
lower mean vertical-velocity variance. 
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SECULAR VARIATION OF THE 11-YEAR CYCLE OF THE 
TEMPERATURE. PRESSURE, AND PRECIPITATION IN THE 
USA FOR PERIOD 1700-1988 ASSOCIATED WITH THE 
CHANGES OF THE SOLAR ACTIVITY 

A. L. Morozova and M. I. Pudovkin 
Institute of Physics, St. Petersburg State University, St. Petersburg, Russia 

198904. 

Analysis of variation of the temperature, precipitation and pressure in USA 
from 1700 to the present allows us to assume the existence of a noticeable 
variation of these parametres in the North American region in the course of 
the 11-year solar activity cycle. The most interesting results are the spatial and 
temporal changes of the character of the cyclic variation of the temperature, 
pressure, and precipitation for all seasons. The physical mechanism responsible 
for this change seems to be related with the variations of the distribution of 
the atmospheric pressure and, as consequence, of the circulation in the course 
of secular cycle of the solar activity. 

A METEOROLOGICAL REVIEW OF THE  STRATOSPHERIC 
WINTER 1997/98 

B. Naujokat (1), R. Lenschow (l)'and S. Pawson (2) 
(1) Institut für Meteorologie der Freien Universität, 12165 Berlin, Germany, 
(2) Universities Space Research Association, NASA GSFC, Greenbelt, MD 
20771, USA. 
naujokatestrat01.met.fu-berlin.de/Fax: [49] 30 793 17 85 

The stratosphere displays a wide range of interannual variability of the evolu- 
tion of the polar vortex and the associated temperatures in winter and spring. 
The development of the stratospheric circulation at polar and middle latitudes 
during the northern hemispheric winter 1997/98 is shown by several relevant 
parameters such as the temperature, the geostrophic wind, the geopotential 
vorticity, and the planetary wave activity. 
The temperature history of the winter 1997/98 will be compared to the long 
record of data from the Stratospheric Research Group Berlin to evaluate the 
possibility of a continuing cooling trend. 

MODELING   OF   THE   TIME   VARIATION   OF   THE   ATMO- 
SPHERIC TEMPERATURE, PRESSURE, AND CIRCULATION 
ASSOCIATED WITH THE SOLAR PROTON EVENTS 

A. L. Morozova and M. I. Pudovkin (Institute of Physics, St. Petersburg 
State University, St. Petersburg, Russia 198904) 

The time variation of the air temperature, pressure, and circulation in the mid- 
dle and high latitute troposphere and low stratosphere associated with intense 
burst of solar cosmic ray flux is modelled. The model is based on supposition 
that enhances flux of energetic particles causes the apperance in the high lati- 
tude stratosphere of an optically active layer. This layer is supposed to reflect 
about to 10% of the incident short-wave solar radiation. The variation of the 
radiative balance may produce a changes of the temperature height profile in 
the high latitude atmosphere, meridional pressure profile, which in turn might 
cause the change of the zonal circulation. The model data are shown to be in 
a good agreament with experimental ones. 

PLANETARY SCALE WAVES OBSERVED IN THE LOWER 
IONOSPHERE DURING CRISTAI CAMPAIGN 

D. Pancheva (1) and J. LastoviSka (2) 
(1) Geophysical Institute, Sofia, (2) Inst. Atmosph. Physics, Prague 
jla@ufa. cas.cz/Fax:+420-2-71762528 

By means of the MEM spectrum analysis of absorption measurements 
over Europe and fmin data in Europe and Asia, the main planetary 
wave type fluctuations (T = 3-25 days) in the upper middle 
atmosphere CRISTA I campaign (October-November 1994) are 
studied. Three dominant period bands are found: 3-5, 6-8 and 15-23 
(mainly 16-18) days. Similar fluctuations are observed in the 
prevailing neutral wind near 95 km over central Europe. A very well 
developed ~10-day fluctuations are found only in fmin and zonal 
prevailing wind at Irkutsk. For 4-day fluctuations, the westward 
propagation is found with wavenumber K = 4, while for 7-8 and 16- 
18 days ones, the eastward propagation with wavenumber K = 3 and 
K = 1, respectively. This surprising result could not be checked by 
wind data due to their scarcity. The strength of planetary wave 
activity at middle latitudes seems to be fairly consistent with the 
undisturbed (climatological) state of the atmosphere at 80-100 km. 

TROPICAL WAVES IN THE BERLIN TSM GCM: AN INTER- 
COMPARISON BETWEEN TWO DIFFERENT VERTICAL RES- 
OLUTIONS 

K. M. Müller (1), P. Braesicke (1), U. Langematz (1), S. Pawson (2) and \V. 
Zhong (3) 
(1) Institut für Meteorologie, FU Berlin, 12165 Berlin, Germany, (2) USRA Vis- 
iting Fellow, NASA GSFC, Code 916, Greenbelt MD 20771, USA, (3) Space fe 
Atmospheric Physics, Dept. of Physics, Imperial College, London, SW 7 2BZ. 
UK. 
muellerestrat01.met.fu-berlin.de/Fax: [+49] 30 838 711 28 

Most middle atmosphere (MA) GCMs are not able to capture the time depen- 
dency of the zonal mean flow near the equator adequately. Recent studies imply 
that higher vertical resolutions of the models lead to a better representation 
of tropical dynamics, due to the fact that smaller vertical wavelengths can be 
resolved. To study the impact of the vertical resolution on the tropics, a new 
version of the Berlin TSM GCM was used: The radiation code was replaced by 
a state-of-the-art scheme based on the Morcrette parameterisation which was 
developed by Zhong. The model can be run with two different vertical resolu- 
tions. The 34-level version has a vertical spacing of 3.5 km in the MA while the 
70-level version reduces the spacing in the MA to approximately 1 km. 
The tropical wave spectra simulated by the two versions are compared. The 
changes in the mean flow evolving at the equator will be analysed. The rela- 
tionship between the wave spectrum and the mean flow will be discussed. 

THE SOUTHERN HEMISPHERE WINTER OF 1997 

S. Pawson (1), L. Coy (2), A. Douglass (3) and R. Rood (3) 
(1) Universities Space Research Association, NASA GVSP. Greenbelt, MD, 
USA, (2) General Sciences Corporation, Laurel, MD, USA, (3) NASA Goddard 
Space Flight Center, Greenbelt, USA. 
pawsonCpolska.gsfc.nasa.gov 

The meteorology of the 1997 Winter in the Southern Hemisphere is being inves- 
tigated in some "detail using the GEOS-1 data assimilation system developed at 
NASA GSFC. In this study, particular attention will be devoted to the break- 
down of the polar vortex in the early part of November. A range of diagnostics 
will be used to show the roles of eddy forcing from the troposphere and the 
radiative effects due to the increasing solar insolation in the polar region. The 
mixing of air parcels from the polar vortex over the southern hemisphere will 
be discussed. Short forecasts using the numerical model will be used to exam- 
ine the predictability of the vortex breakdown, thereby isolating features which 
are critical to the evolution of the stratospheric flow. Comparisons with other 
analyses and with total ozone fields will be made. 
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INITIAL CONDITIONS AND SPIN-UP : COMPARING STRATE- 
GIES FOR USE IN CTMS 

V.-H. Peuch, F. Lefevre and P. Simon 
Meteo-France, CNRM, 42 avenue G. Coriolis, F-31057 Toulouse Cedex, France. 
Vincent-Henri.PeucMaeteo.tr/Fax: [+33] 5.61.07.96.10 

The study of the impact of initial or sustained imbalances in three-dimensional 
chemical transport models has yet received little attention. For most simula- 
tions, assumption is made that the initial perturbed trace constituents fields 
equilibrate during the first weeks, which are then discarded. In addition, two- 
dimensional reduced models are often used to generate pre-equilibrated fields 
at a relatively low computational cost -still, the derivation of three-dimensional 
fields from these estimates necessarily induces some perturbation. The increase 
in the realism of CTMs, with the explicit consideration of surface emissions or 
alternatively of prescribed troposphere-stratosphere exchanges, brings a new 
incentive to consider strategies to determine the extent of the coupled non- 
linear effects of dynamics and chemistry, and prospectively to reduce them. 
We have set up an experiment intending to compare several techniques of ini- 
tialization starting from two-dimensional fields (zonal average, total column) 
or from a collection of sonde profiles. We use the REPROBUS CTM of the 
stratosphere, with three-dimensional equilibrated fields to generate the inputs, 
in order to isolate the effects of the concurrent initialization procedures. We 
analyse the various time-scales involved and discuss on the limitations imposed 
by the present scarcity of the chemical measurements of the middle atmosphere. 

ANALYSE OF THE WAVES DURING FRONTS PASSAGES 

A. Rechou, V. Barabash, P. Chilson. S. Kirkwood. S. Savitskaya and K. Stebel 
( Institutet for Rymdfysik, Box 812. S-981 28 Kiruna.Sweden) 
Two lee wave experiments were realised in winter 1996-199" and 1997-1998 in 

North Scandinavia. Lidars, Radars and ALIS system cameras were located on 
the two sides of Scandinavia mountains. We analvse here the data from ESRAD 
MST radar located at ESRANGE [68. °N, 21. "EJ in the lee of Scandinavia 
mountains. This radar operates at 52 MHz, it has 72kW peak power (12 
modules of 6 kW each) and a square antenna array consisting of 140-5 element 
yagis. The yagis can be grouped in different ways and the signal channelled 
to 6 different receivers.Winds, velocity perturbations associated with waves, 
and characteristics of turbulence from 1 km up to 10-lökm altitude can be 
studied with a resolution of 300 m. The analysis of the first experiment shows 
that the waves are often generated during frontal passages which are frequent 
in this area during winter. We will try this year, by a comparaison of the 
data during two years to analyse the evolution of the frontal passages and the 
corresponding winds. Because, the waves are directly correlated to the wind 
(intensity and direction), we will try to understand better the formation of the 
waves and their evolution. In addition, we will try to see if we can anticipate 
the formation of the PSCs with the forecast data from the bulletin weather 
maps and the ECMWF data. 

AN EXAMINATION OF VERY COLD PERIODS IN THE LOWER 
AND MIDDLE STRATOSPHERE OF THE NORTHERN HEMI- 
SPHERIC WINTER 

A. Piel, B. Naujokat and P. Braesicke 
Institut für Meteorologie, Freie Universität Berlin. Germany. 
pielOstrat01.met.lu-berlin.de/Fax: [49] 30 7931785 

For different reasons a climatology of very cold periods in the lower strato- 
sphere during winter is needed: An examination of low temperatures in the 
northern hemisphere is a good indicator for climate change and changes in the 
atmospheric circulation. Some studies also suggest, that the occurrence of low 
temperatures is connected to the ozone depletion. 
Two main data sets are used for the investigation: daily maps of geopotential 
height and temperature fields at three stratospheric levels (50. 30 and 10 hPa) 
which have been analysed at the Freie Universität Berlin since 1963 and several 
data sets of radiosondes. Using the analyses we carried out the duration and 
time of occurrence of very cold periods at the levels for every winter season 
and we found out the locations of the centres of the cold areas during these 
periods. Moreover we examined the existence of typical circulation patterns 
when cold periods occurred. The temperature fields are also correlated with 
the NAO index. Using different reports of radiosonde ascents we investigated 
the behaviour of extremely low temperatures. 

Temporal evolution of stratospheric chlorine monoxide over 
alpine stations 

Ph, Ricaud (1), J. de La Noe (1), J. W. Waters (2), L. Froidevaux (2) 
and M. Chipperfield (3) 
(1) Bordeaux Observatory, Floirac, France 
(2) JPL, Pasadena, Cal., USA 
(3) University of Cambridge, Cambridge, UK 
ricaud@observ.u-bordeaux.fr/Fax:+33-5-57-77-61-55 

The present analysis deals with the chlorine monoxide fields as 
measured by a ground-based microwave radiometer located at the 
Plateau de Bure (45°N, France), as measured by the Microwave Limb 
Sounder (MLS) instrument aboard the Upper Atmosphere Research 
Satellite (UARS) over the station and as modelled by the three- 
dimensional SLIMCAT model over the station. Temporal coverage 
ranges from from fall 1991 up to summer 1997 over a vertical extent 
from -50 hPa to -1 hPa. Since there are very few chlorine acdvation 
events in the lower stratosphere over Bure, the analysis will mainly 
focus on mid-stratospheric CIO behaviour over a short-term period 
(diurnal variation) and over a mid-term period (seasonal variation) in 
order to assess any positive trend in the stratospheric chlorine loading 
over the 5-year period. 

EMERGING NEW ATMOSPHERIC CHEMISTRY OF NITROUS OXIDE AND 
ITS IMPLICATIONS 

Sheo S. Prasad' and E. C. Zipf2 

'Creative Research Enterprises, P.O. Box 174, Pleasanton, CA 94566, USA 
e-mail: ssp@CreativeResearch.org 
'Department of Physics, University of Pittsburgh, Pittsburgh, PA 15260, USA, 
e-mail: edzipf@vms.cis.pitt.edu 

Theoretical considerations (Prasad, JGR, 99, 5295, 1994 & 102, 21,527, 
1997) predict and laboratory experiments (Zipf & Prasad, EOS, Trans. Am. 
Geophys. Union, Suppl., 78, S82,1996 and a paper in preparation) confirm 
substantial production of NaO in both the troposphere and the stratosphere 
from excited nascent 03 and/or "embryonic" 03. This production may easily 
exceed 30% of the "classical" sinks. The observed stratospheric N20 mixing 
ratios will not be perturbed by the new source because of: (1) the inevitable 
loss reactions N20 + 02(b) - N2 + 03 and the N20«02 + hv - N2 + 03 implied 
by our observed new N20 formation mechanism, and (2) the observed 
enhancement in the photolysis of N20 resulting from the N2..O..N2 complex 
formation (to be published).These new sources and sinks of N20 have many 
important implications. If we accept the current WMO position of nearly 
balanced N20 sources- sinks budget, then the new tropospheric source 
implies the existence of hitherto unrecognized biogenic sinks. The emerging 
new N20 chemistry also implies caution in the use of N20 as a tracer of 
dynamical motions. These and other important implications will be discussed. 

ON THE EXCITATION OF EQUATORIAL WAVES BY DEEP 
CONVECTION IN THE NCAR COMMUNITY CLIMATE 
MODEL 

L. Ricciardulli (1,2) and R.R. Garcia (1) 
(1) National Center for Atmospheric Research, Boulder, CO, USA 
(2) Dipartimento di Fisica, Universitä di L'Aquila , Italy. 
lucrezia@acd.ucar.edu 

The vertical propagation of equatorial waves forced in the troposphere plays 
an important role in the dynamics of the middle atmosphere. In order to 
study the excitation of equatorial waves in the NCAR Community Climate 
Model (CCM3), the heating field due to deep convection is analyzed. Pro- 
jection of the model heating field onto Hough modes gives information about 
equatorial waves (Rossby, Kelvin and gravity modes) excited over the range 
of zonal wavenumbers 1-64 and frequencies 0-4 cpd. The Hough spectrum of 
the geopotential contains all the information necessary to evaluate the upward 
component of EP flux due to waves excited by deep convection in the CCM3. 
The results of this analysis are compared to spectra obtained from a similar 
analysis of the brightness temperature of deep convective clouds (a proxy for 
convective heating fluctuations in the atmosphere). The comparison indicates 
that excitation of high frequency waves is underestimated in the CCM3 com- 
pared to the observations. 
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A COMPREHENSIVE THREE-DIMENSIONAL ASSIMILATION 
SYSTEM FOR OZONE AND OTHER TRACE CONSTITUENTS 

L. P. Riishajgaard (1) and I. Stajner (2) 
(1) Joint Center of Earth Systems Technology, Baltimore, MD, (2) General 
Sciences Corporation, Laurel, MD. 

A three-dimensional ozone assimilation system has been developed at the Data 
Assimilation Office at NASA's Goddard Space Flight Center. The system is 
driven by analysis winds, and it uses total ozone observations from TOMS and 
middle/upper stratospheric ozone profiles from SBUV2 for generating global 
three-dimensional ozone fields at 6-hourly intervals in near-real time. The pri- 
mary user-group are satellite instrument teams who need reliable background 
estimates of ozone profiles for their retrieval algorithms. However, access to 
dynamically consistent ozone fields is expected to be useful also for the in- 
vestigation of a number of middle atmosphere research topics, such as strato- 
spheric/tropospheric exchange, atmospheric chemistry, and climate impact of 
changes in the ozone layer. The system is being expanded to accommodate other 
minor atmospheric constituents along with ozone. We will give an overview of 
the system and we will show results from the validation of the three-dimensional 
structure of the assimilated ozone fields. 

RESPONSE OF THE STRATOSPHERE TO INTER ANNUAL 
VARIABILITY IN THE TROPOSPHERE 

A. A. Scaife (1), IN. James (2), R. Swinbank (1) 
(1) The Meteorological Office, London Rd, Bracknell, Berkshire, U.K. 
(2) Dept. of Meteorology, Reading University, Reading, RG6 6BB, U.K. 

Tropospherie variability such as the Southern Oscillation provides 
interannual variability in quasi-steady planetary waves near the 
tropopause. A mechanistic, primitive equation model was integrated 
under perpetual January conditions with different levels of steady wave 
forcing at lOOhPa to investigate the effect of this variability on the 
stratosphere. With idealized forcing, differences in the amplitude of the 
waves at tropopause level lead to qualitatively different states in the 
stratosphere. These results are viewed in the light of similar experiments 
with simpler, quasi-gcostrophie models. When the idealized forcing is 
replaced with observed steady planetary waves, similar states are found. 
These cases will be compared with ensembles of integrations where the 
perpetual January conditions arc replaced by a seasonal cycle and transient 
wave forcing is included. 

RADAR MEASUREMENTS OF FINE STRUCTURES 
ODSERVED IN THE LOWER ATMOSPHERE 

R. Rüster (1). G.I). Niwtrom (2) and G. Schmidt (1) 
(1) Miix-l'lnnrk-lnstitiil. für Aeroiiomie, D-3719I Katlenburg-Lindau, Germany, 
(2) Si. Cloud State University, Department of Earth Sciences, St. Cloud, MN 
!iO:ifll-<l ISIS. USA. 
rrueste81inmpi.mpg.de/Fax: [49] 5556 979 240 

Measurement* using the SOUSY VHF Radar in the Harz mountains in Ger- 
iiiiiny have- heen carried out in the summer of 1996. For studying the structure 
nn<l dynamics with high temporal and spatial resolution, the beam was point- 
ing rciiiliniiiisly in the vertical direction nnd the range resolution used was 75 
in. Firn» structure» in the echo intensity are observed during a frontal passage 
ami are Haled lo humidity fluctuations. Integrating the high resolution ve- 
|oi-ily ilniii with lime allows us to estimate vertical displacements that can be 
used In indicate vertical transport. The velocities are analysed harmonically 
ami interpreted as waves with periods of about 6 h and amplitudes of a few 
nn/s. Oliservnlicms during a thunderstorm reveal strong convective cells with 
lifetimes nfabout 1(1 lo 20 minutes, associated up and down drafts and a series 
<>l peisislanl stable layers in the troposphere ahead of the thunderstorm. 

SIMULTANEOUS MEASUREMENTS OF NOCTILUCENT 
CLOUDS AND POLAR MESOSPHERE SUMMER ECHOES 
ABOVE NORTHERN SCANDINAVIA IN AUGUST 1997 

J. Siebert (1), K.H. Fricke (1), K. Stebel (2), V. Barabash (2) and S. 
Kirkwood (2) 
(1) Physikalisches Institut der Universität Bonn, Nussallee 12, D-53115 Bonn, 
Germany, (2) Institutet för Rymdfysik, P.O.Box 812, S-981 28 Kiruna, Sweden. 

Simultaneous and common volume observations of noctilucent clouds (NLC) 
and polar mesosphere summer echoes (PMSE) were performed in August 1997 
above Esrarige (67.9N, 21.IE) near Kiruna, Sweden. On two occasions. NLC 
layers were observed by lidar with mean backscatter ratios of 12 and 25 at 
532 nm and mean altitudes of 84.3 and 83.4 km, respectively. During both 
NLC events, several PMSE layers were observed by the MST radar on Esrange 
with S'/N up to 5 dB in an altitude range between 82.0 and 88.9 km. The first 
of these NLC events has also been recorded by a camera placed about 380 km 
south of Esrange. During the jointly observed NLC/PMSE events NLC signals 
occurred with and without PMSE present in the same scattering volumes at 
same times, as well as higher altitude PMSE layers ondulating correlated with 
the lower altitude NLC-layer. One of the PMSE layers appears to convert to a 
NLC layer during the observations. 

THE PECULIARITIES OF THE LOWEST 
OSCILLATION'S MODE IN THE ATMOSPHERE WITH 
REALISTIC TEMPERATURE DISTRIBUTION 

O.N*. Savina 
State Technical University. 603600 Nizhny Novgorod. Russia 
savmatrappl.sci-miov.ru/Fax: +7-8312-362061 

A model analysis of the properties of the lowest oscillation's mode 
is considered. Any vertical profile of the atmospheric temperature 
can be well approximated as a ratio of two polynomials of the same 
power. For considered altitude temperature profile, an exact solu- 
tion determined the properties of the lowest mode of oscillations 
in the non-isothermal atmosphere is found. The frequency of the 
lowest mode is also determined. The influences of the nonlinear 
waves absorption at this frequency is investigated so far as the os- 
cillation's amplitude has the fast altitude growth. Different upper 
boundary conditions are considered. 

MIDDLE ATMOSPHERE WINDS AT OBSERVATOIRE DE 
HAUTE-PROVENCE (44°N) BY DOPPLER RAYLEIGH LIDAR: 
SEASONAL AND PLANETARY SCALE VARIABILITY. 

C. Souprayen and A. Hauchecorne, A. Gamier, A. Hertzog 
Service cTAeronomie du CNRS, F-91371 Verrieres-le-Buisson, France. 
claude.souprayenCaerov.jussieu.fr/Fax: [33] 1 69 20 29 99 

The regular operation of a Doppler wind lidar since August 1995 at Observa- 
toire de Haute Provence (44°N) has offered the first data base of continuous 
remote measurements of horizontal winds in the middle atmosphere. Such set 
of data consists in vertical profiles of zonal and meridional components with 
sufficient vertical resolution and accuracy to study mean winds and planetary- 
scale disturbances in the whole stratosphere and lower mesosphere from 15 
to 50 kilometers altitude. The very first climatology of the mean wind has 
been obtained and compared with climatological empirical models such as the 
MSISE wind model and with the analysis of the European Center for Medium 
range Weather Forecast (ECMWF) (for the common vertical range 15-30km). 
This climatology relies on 3 years of measurements and the seasonal variation 
and the total day-to-day variability are reported. For a specific operation with 
dense measurements coupled with temperature measurements from a co-located 
Rayleigh Lidar, a detailed analysis of the planetary waves activity over OHP 
will be performed with specific focus on the frequency content for and phase 
mismatch between the different parameters. 

C657 



GCM SIMULATION OF STRATOSPHERIC BACKGROUND 
AEROSOL 

C. Timmreck, J. Feichter and H.-F. Graf 
Max-Planck-Institut für Meteorologie, Hamburg, D-20146 Germany. 
timnireckCdkrz.de 

Stratospheric aerosol has various effects on the global climate system. It dis- 
turbs the radiative balance and changes the chemical composition of the atmo- 
sphere due to heterogeneous reactions. Therefore, as one part of a chemical- 
microphysical model, a stratospheric aerosol model is implemented in the Ham- 
burg climate model ECHAM4. This model treats the formation, the devel- 
opment and the transport of stratospheric sulfuric aerosol. The size distri- 
bution and the weight percentage of the aerosol is calculated dependent on 
the HoSO^HoO-concentration, temperature and pressure. Homogeneous nu- 
cleation, condensation (evaporation), coagulation, water-vapor growth, sedi- 
mentation and stratospheric sulfur chemistry are included. Additionally, the 
microphysical model is coupled to a tropospheric sulfur cycle. This sulfur cycle 
treats the natural and anthropogenic emissions, chemistry, dry and wet de- 
position and chemistry of DMS, SO2 and SO|". Due to this combination of 
microphysical model and sulfur cycle, globally and seasonally different SO?- 
and SO;j~-sources for stratospheric aerosol are taken into account. First results 
of the 3d-simulation show that the model is able to reproduce the observed sur- 
face concentration. The formation of new particles through homogeneous nu- 
cleation takes place in the lower stratosphere and in polar spring. Here results 
of a multiyear run are presented and compared to observations. 

MEASUREMENTS OF GRAVITY WAVE ACTIVITY AND THERMAL 
STRUCTURE IN THE ARCTIC STRATOSPHERIC VORTEX 

J. A. Whitewav fh. T. J. Duck (2) and A. I. Carswell (2) 
(1) Department of Physics, University of Wales. Aberystwyth 
(2) Department of Physics and Astronomy, York University, Toronto. 
jjw@aber.ac.uk, fax: 44 1970 622826 

The stratospheric observatory in the Canadian High Arctic at Eureka (80°N.86'>W) 
is ideally situated to observe processes which are associated with the dynamics of 
the polar vortex. Lidar measurements at Eureka have shown a clear pattern in the 
distribution of gravity wave activity and thermal structure within and around the 
vortex. Gravity wave activity is a maximum in the jet of the vortex and a minimum 
within the vortex core. The warmest region of the upper stratosphere is within the 
core while the coldest region is outside the vortex. These observations also indicate 
that there is an. annual midwinter warming of the upper stratosphere within the core. 
Coincident with this warming is an observed increase in gravity wave activity in the 
jet. The distribution of gravity wave activity can be explained by the Doppler 
shifting and critical level filtering that is imposed by the background wind profile. 
Wc propose that increased gravity wave dissipation above the jet forces the flow 
toward the vortex core where it descends and warms by adiabatic compression. 

TRACE GAS MEASUREMENTS IN THE ARCTIC WINTER 
STRATOSPHERE WITH THE AIRBORNE SUBMILLIMETER 
SIS RADIOMETER 

J. Urban (1), H. Bremer (1), V. Eyring (1), K. Kiillmann (1), K. Kiinzi (1), 
J. Wohlgemuth (1), A. Goede (2), A. de Jonge (2), Q. Kleipool (2), N. Why- 
born (2), H. Hetzheim (3), G. Schwaab (3) and M.P. Chipperfield (4) 
(1) University of Bremen, Institute of Environmental Physics (IUP), P.O. 
Box 330440, 28334 Bremen, Germany, (2) Space Research Organization of the 
Netherlands (SRON), P.O. Box 800, 9700 AV Groningen, The Netherlands, 
(3) German Aerospace Research Facilities (DLR), Rudower Chaussee 5, 12489 
Berlin, Germany, (4) Center for Atmospheric Science, University of Cambridge, 
Lensfield Road, Cambridge, CB2 1EW, UK. 

The Airborne-Submillimeter-SIS-Radiometer (ASUR) measures thermal emis- 
sion lines of stratospheric trace gases at submillimeter wavelengths. It is op- 
erated aboard the German research aircraft FALCON at flight altitudes of 
10-12 km to avoid the absorption caused by tropospheric water vapor. Volume 
mixing ratio profiles can be retrieved from the pressure broadened spectral 
lines using non-linear least squares inversion algorithms. Measurement cam- 
paigns with respect to ozone depletion in the Arctic winter stratosphere have 
been carried out in yearly intervals since 1992 to investigate the distributions of 
the radical Chlorine monoxide (CIO), the reservoir species Hydrochloric acid 
(HC1). the chemically inert tracer Nitrous oxide (N2O). and Ozone (O3). A 
large dataset has been obtained which has been used to validate the 3D chemi- 
cal transport model SLIMCAT inside, at the edge, and outside the polar vortex. 

LEE-WAVES IN THE STRATOSPHERE 

D. Etling, F. Gelhardt and V. Schilling 
Institut for Meteorology and  Climatology,  University of Hannover, 
30419 Hannover, Germany 

etling«iimik.uni-hannover.de/FAX:++49-511 762 4418 

The occurrence of polar stratospheric clouds (PSC) under unfa- 
vorable environmental conditions has raised the question, whether 
large amplitude gravity waves can lead to parcel cooling rates suitable 
for PSC' formation. We have investigated the problem under which 
circumstances lee waves can penetrate through the Tropopause and 
cause significant wave motion in the lower Stratosphere. 
The investigations have been performed by linear and nonlinear numeri- 
cal models for idealized and observed mean vertical profiles of wind and 
temperature upstream of mountain ridges. Some results obtained for 
the Norwegian mountains will be compared to observed lee-waves and 
related PSC' formation. 

CLIMATOLOGY OF ARCTIC AND ANTARCTIC POLAR VOR- 
TICES USING ELLIPTICAL DIAGNOSTICS 

D. W. Waugh (1) and W. J. Randel (2) 
(1) Department of Earth and Planetary Sciences, Johns Hopkins University. 
Baltimore, MD 21218, USA., (2) N'CAR. Boulder, Co 80307-3000, USA. 
waughQvortex.shm.monash.edu.au 

The climatological structure, and interannual variability, of the Arctic and 
Antarctic stratospheric polar vortices are examined by analysis of elliptical 
diagnostics applied to 18 years of potential vorticity data. The elliptical diag- 
nostics define the area, center, elongation and orientation of each vortex, and 
are used to quantify their structure and evolution. The diagnostics offer a novel 
view of the well-known differences in the climatological structure of the polar 
vortices. There are substantial differences in the distortion of the vortices from 
zonal symmetry; the Arctic vortex is displaced further off the pole and is more 
elongated than the Antarctic vortex. While there is a mid-winter minimum in 
the distortion of the Antarctic vortex, the distortion of the Arctic vortex in- 
creases during its life cycle. There are also large differences in the interannual 
variability of the vortices: the variability of the Antarctic vortex is small except 
during the spring vortex breakdown, whereas Arctic vortex is highly variable 
throughout its life-cycle, particularly in late-winter. The diagnostics also reveal 
features not apparent in previous studies. For example, there are periods when 
there are large zonal shifts in the climatological locations of the vortices, and 
in early winter there are two preferred longitudes of the center of the lower 
stratospheric Arctic vortex. 

ATMOSPHERIC TRACE GAS CORRELATIONS AS MEASURED 
BY CRISTA 

A. Franzen, K.U. Grossmann, V. KUH, D. Offermann. P. Preuße and R. Spang 
Physik Department of Wuppertal, Gauss-Strasse 20. 42097 Wuppertal. 
arndtCwposlO.physik.uni-Huppertal.de/Fax: [49] 202 439 2680 

The CRISTA Instrument (CRyogenic Infrared Spectrometers and Telescopes 
for the Atmosphere) was flown on the Space-Shuttle missions STS 66 in Novem- 
ber 1994 and STS 85 in August 1997. Global measurements of trace gases in 
the spectral range from 4 to 71 Jim with high spatial resolution during free 
flying periods of 8 days in both flights were performed, and about 50000 height 
profiles were obtained in each flight. Correlations between the mixing ratios 
of several stratospheric constituents (e.g. N2O, CH^. HNO3. O3) for the first 
flight will be discussed and compared with model calculations. 
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MIDLATITUDINAL LOWER IONOSPHERE DISTURBANCES 
CAUSED BY NATURAL SOURSES 

A. M. Gokov (1) and O. F. Tyrnov (1) 
(1) Kharkiv State University, Kharkiv, Ukraine. 
Oleg.F.TyrnovOuniver.kharkov.ua 

There are presented experimental data on natural disturbances (powerful earth- 
quakes, the solar terminator, strong thunderstorms, solar flares and magnetic 
storms) having effects on midlatitudinal ionospheric D-region parameters, char- 
acteristics of partially reflected (PR) signals and radio noise on / =2-4 MHz. 
There are investigated parameters of wave disturbances (type, periods, dura- 
tions, and velocities) arising over these periods in the D region. Our investi- 
gations were carried out by the PR technique within a 1977-1997 period un- 
der different solar and geophysical conditions; the observation durations being 
minutes-days; ~30 to 200 samples covering each source of the disturbances. 
The authors have been supported by STCU Grant 471. 

GLOBAL MODEL OF CIRCULATION OF THE MIDDLE AND 
UPPER ATMOSPHERE 

V. T. Gulyaev, V. V. Plotkin, I. I. Nesterova and L. V. Zhalkovskaya 
Institute of Geophysics SB RAS, University av., 3, Novosibirsk, Russia 630090. 
plotkineuiggm.nsc.ru 

The numerical three-dimensional model of the atmosphere circulation at alti- 
tudes from 20 to 300 km is suggested. This model is developed on a basis of 
the empiric models of the structural parameters of the strato-thermosphere. 
As the analysis shows, it is just such models which in the present time re- 
produce more precisely the observed systems of circulation. However, at the 
middle atmosphere heights, in distinction to the thermosphere, we have only 
the zonal-averaged distribution of the temperature, pressure and density. Thus, 
we have to calculate the atmosphere parameters variations conditioned by the 
tide oscillations and quasisteady planetary waves. We achieve this including the 
solution of the heat balance equation into the numerical model. The necessary 
non-adiabatic sources of the heating are found from the energy equation, in 
doing so. the circulation was beforehand calculation from the empiric models 
of the atmosphere which were supplemented at the stratosphere heights by the 
sources of the tide oscillations excitement. The variations of the atmospheric 
parameters connected with the planetary waves propagating from the tropo- 
sphere were taken into account by setting the geopotential disturbances at the 
lower boundarv. 

IONOSPHERIC PARAMETER VARIATIONS IN THE LOWER D 
REGION DURING MAGNETIC STORM 

A. M. Gokov (1) and O. F. Tyrnov (1) 
(1) Kharkiv State University, Kharkiv. Ukraine. 
Oleg.F.TyrnovOuniver.kharkov.ua 

Using the partial reflection technique, it is found that the electron collision fre- 
quency increases more than 50% in the lower part of the D region (; <70 km) 
due to precipitating energetic particles during magnetic storms (MS). Measure- 
ments made during 3 MS in a 1984-1985 period near Kharkiv show that the 
precipitation occurs in a cource of ~10 days after the MS. On these events, in- 
tensive partial reflections are observed from heights of 55< r <70 km, and the 
electron number density increases several times. Calculations of flux intensities 
of precipitating energetic particles and ion-production rates are presented. The 
authors have been supported by STCU Grant 471. 

GLOBAL STRATOSPHERIC CIRCULATION ANALYSIS BY 
MEANS OF SPECTRAL DECOMPOSITION 

T. Halenka (1) and P. Mich (2) 
(1) Dept. of Meteorology and Environment Protection, Fac. of Mathem. and 
Physics, Charles University, V Holesovickach 2, 180 00 Prague 8, Czech Rep., 
(2) Institute of Atmospheric Physics, Bocni II, 141 31 Prague i, Czech Rep.. 
tomas.halenkaCmfi.cuni.cz/Fax: [+420 2] 2191 2533 

To give an objective characteristics of circulation patterns the spectral struc- 
ture of stratospheric fields (temperature and geopotential) is analyzed in terms 
of the spherical harmonics with the aim to compare the long-term behaviour 
and connections to some extra-terrestric influence and circulations patterns. 
The daily meteo data from Free University Berlin cover more or less the period 
1976-96 and are available for stratospheric levels 50, 30 and 10 hPa. The anal- 
ysis of annual course of spherical harmonics is introduced as well as the com- 
parison of the principal wave components changes with respect to the changes 
of different sets of solar, geomagnetic and global circulation indices. The inter- 
annual variability with special emphasis to the QBO and ENSO is also studied. 
Quite high correlation is found for some wave numbers. 

ON THE VERTICAL WAVE-ENERGY PROPAGATION FROM 
TROPOSPHERE TO STRATOSPHERE IN DIFFERENT GEOGRA- 
PHICAL REGIONS 

N. Grieger. G. Schmitz 
Institut fur Atmosphärenphysik an der Universität Rostock, Kühlungsbom 
grieger@iap-kbom.de/Fax:+49-38293-6850 

The vertical energy propagation connected withplanetary waves controls up 
to a high extend the stratospheric circulation. The paper is concerned with 
the question of longitudinal and regional dependence of vertical wave- 
energy propagation. 
For the 16 winter seasons of ECMWF reanalyzes data covering 17 pressure 
levels the extended Eliassen-Palm-flux (EEPF) has been calculated for dif- 
ferent characteristic timescales. The analyses show that the most dominant 
vertical synoptic wave-energy exchange with stratosphreric heights takes 
place over the North Atlantic region (NAR). In contrast to other geographi- 
cal regions only in the NAR the synoptic wave-energy is able to penetrate 
up to stratospheric heights. Additional to the EEPF analyses this wave- 
energy window can be found in Principal Oscillation Patterns (POP) analy- 
ses, too. The so detected coherent wavepackets with oscillation periods bet- 
ween 5 and 10 days propagate only over the NAR up to the stratosphere. 
Besides this regional synoptic features it has been detected a more global 
travelling mode in the stratosphere with oscillation period of about 2 weeks. 
Both significant different POP structures may be interpreted in the frame- 
work of a linear theory. 

WATER IN THE ATMOSPHERE AND MESOSPHERE 

G. K. Hartmaim. \V. Degenhardt. P. Harogh. C. Jarchow, M. L. Richards 
and Song Li 
Max-Planck-Institut für Aeronomie. Max-Planck-Str. 2. D-37191 Katlenburg- 
Lindau. Germany. 
ghartmanneiinmpi.mpg.de/Fax: [49] 5556 979 240 

Water is the only substance that occurs in all three phases, gaseous, fluid 
and solid - monomer and polymer (cluster) - in the Earth's atmosphere. The 
spatial and temporal distribution of H20 is not only very important for the 
climate, weather, biosphere and atmospheric chemistry - homogeneous and 
heterogeneous - but also for the propagation of electromagnetic waves through 
the atmosphere. The climate of the Earth has never been static. It is very much 
different now from what it was during cretaceous when dinosaurs dominated 
the life of Earth. Since climate is the sum of all weather over longer periods 
of time we must ask ourselves how much climate, like weather, is predictabel. 
Water vapor in the atmosphere can be measured using microwave techniques, 
such as those used in experiments made by the MPAE. The major questions 
are now: 
1. How much extraterrestrial water exists in the atmosphere? 
2. How variable is the total hydrogen budget over a longer time period? 
3. Is the polar mesosphere an early warning system for global change? 
4. Can the strength of El Nino better estimated using microwave measurements 
in the equatorial tropopause? 
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MEAN DIURNAL VARIATIONS OF PMSE AND WINDS AS MEASURED 
WITH THE ALOMAR-SOUSY RADAR DURING THE SUMMER MONTHS 
FROM 1994 TO 1997 

P.Hofftnannm. W.Singer(l), D.Keuer(l) and J.Bremer(l), R. Rüster(2) 
(1) Institute of  Atmospheric Physics at the Rostock University, Schloss-Str.6, 
D-18225 Kühlungsbom, Germany, (2) Max-Planck-Institute of Aeronomy, D-37189 
Katlenburg-Lindau, Germany 
hoffmann@iap-kbom.de 

VHF radar observations of the structure and dynamics of Polar Mesospheric Summer 
Echoes (PMSE) have been carried out at Andenes (69.3° N, 16.0° E) using the 
ALOMAR SOUSY radar operated at 53.5 MHz for four summer seasons from 1994 
to 1997. The radar measures 3D winds and reflectivity profiles mainly with a range 
resolution of 300 m and a time resolution of about 30 sec. The total number of 
about 3500 hours observation time allows detailed studies of the seasonal variations 
of PMSE which are closely connected to the cold temperatures at the mesopause 
region at high latitudes during the summer months. 
Based on these data hourly means of the reflectivity and winds have been deter- 
mined in order to describe the diurnal variation of the occurrence of the PMSE 
which is characterized by a minimum around 19 - 21 LT and a maximum at about 
14 LT. This behaviour is discussed for the whole data set and for partial periods of 
the PMSE season in relation to the mean winds and tides derived from the ALOMAR 
SOUSY radar using the Doppler beam swinging technique. 

MEASUREMENTS OF SUMMER MESOPAUSE REGION ZONAL WINDS 
OVER CENTRAL AND EASTERN EUROPE 

Ch. Jacobi (1), R. Schminder, (1), D. Kürschner (2), B.L. Kashcheyev (3) and 
A.N. Oleynikov (3) 
(1) Institute for Meteorology, University of Leipzig, (2) Institute for Geophysics 
and Geology, University of Leipzig, (3) Kharkov State Technical University of 
Radioelectronics 
jacobi@rz.uni-Ieipzig.de / ort@khture.kharkov.ua 

Measurements of the zonal prevailing wind in the mesopause region, i.e. between 
80 and 100 km height have been carried out during three campaigns in August 
1994,1995 and 1996 by the Kharkov State Technical University of Radioelectron- 
ics, Ukraine, with the aid of a meteor radar at 50°N, 37°E. The results are com- 
pared with the total reflection low-frequency mesopause radio wind measurements 
at 52°N, 15°E that are carried at the Collm Observatory of the University of Leip- 
zig, Germany. While in 1994 and 1995 the zonal prevailing winds at Kharkov and 
Collm are similar, in 1996 at Collm lower prevailing winds are measured. The 
amplitude of the semidiurnal tide at Kharkov is larger than at Collm, while gen- 
erally the phase is in good agreement at both sites. The amplitude of the quasi 2- 
day wave is low during each of the periods. Only in 1995 a moderate event has 
been identified. From phase comparison a zonal wavenumber of 2.6 is inferred. 

CLIMATOLOGY AND TIDAL INTERACTIONS OF SHORT-PERIOD 
GRAVITY WAVES AT METEOR HEIGHTS 

V.St.C. Howells (1), N.J.Mitchell (1) and H.G.Muller (2) 
1. Department of Physics. The University of Wales, Aberystwyth, Ceredigion. SY23 
3BZ, UK. 2. Cranfield University, RMCS Shrivenham, Swindon SN6 8LA. UK. 
E-mail: VSH96@aber.ac.uk 

A twin-beam meteor radar located in the UK has been used to measure horizontal 
velocities at meteor heights between 1989 and 1994. Although the radar cannot easily 
identify individual gravity waves within the broad meteor collecting volumes, the 
variance of the velocities nevertheless provides a statistical measure of the activity of 
the gravity-wave field. Using this measure of wave activity, a seasonal cycle for 
gravity waves with periods < 1 hour is revealed which shows solsticial maxima and 
equinoctial minima. There is considerable year to year variability. A time-series 
analysis of the data indicates that the wave activity is strongly modulated by 
interaction with both the 12 and 24 hour tides. The seasonal behaviour of this 
modulation is investigated and defined. 

LABORATORY AND MODELING STUDIES OF COj + O('D) ISOTOPIC 
EXCHANGE 

J C Johnston. T Röckmann, and C A M Brenninkmeijcr (Max-Planck-Institute for 
Chemistry, Department of Air Chemistry, Postfach 3060. 55020 Mainz, Germany; 
49-6131-305-455; e-mail: johnston@mpch-mainz.mpg.de) 

Carbon dioxide in the middle atmosphere is mass independently enriched in oxygen 
isotopes (8l7O*0.5S"'O) relative to troposphcric values, with the enrichments 
typically increasing with altitude. That is. with increasing altitude, the "0/'*0 ratio 
shows an additional enhancement over what is normally expected on the basis of 
the "WO increase. As troposphcric CO; has a mass dependent isotopic 
composition that is relatively constant, isotopic measurements of atmospheric C02. 
combined with a quantitative understanding of the enrichment mechanism, will 
yield valuable information regarding important atmospheric processes. It is known 
that the mass independent enrichment in stratospheric CO; occurs when CO; 
quenches an Cx'D) formed during the photolysis of Oj. but the details of this 
process remain uncertain. We have performed a series of laboratory and numerical 
experiments designed to study the lime evolution and linal equilibrium values of 
the CO.+0('D) reaction. Developing a quantitative understanding of the middle 
atmospheric CO: enrichment process is important because the mass independent 
signature can provide information regarding atmospheric dynamics, the isotopic 
composition of atmospheric O,. and O('D) concentrations in the middle 
atmosphere. 

THE QUASI 16-DAY WAVE IN THE SUMMER MIDLATITUDE 
MESOPAUSE REGION AND ITS DEPENDENCE ON THE EQUATORIAL 
QUASI-BDJNNIAL OSCILLATION 

Ch. Jacobi (1), R. Schminder (1) and D. Kürschner (2) 
(1) Institute for Meteorology, University of Leipzig, (2) Institute for Geophysics 
and Geology, University of Leipzig 
jacobi@rz.uni-leipzig.de 

From 16 years of daily estimates of the summer midlatitude mesopause region 
zonal prevailing wind measured at the Collm Observatory of the University of 
Leipzig, Germany, long-term variations in the period range of planetary waves 
(10-20 days) are detected. Although the direct propagation of these waves from the 
troposphere into the mesosphere is not possible because of the wave filtering 
through to the summer stratospheric and mesospheric easterlies, in some years 
oscillations are found that can be connected with planetary waves, supporting the 
theory of the propagation of these waves from the equatorial region to the 
midlatitude and polar upper mesosphere along the zero wind line. This wave 
activity is dependent on the equatorial quasi-biennial oscillation (QBO), so that in 
general during the east phase of the QBO the planetary wave activity is small, 
while during the QBO west phase it can be larger. The influence of the QBO on 
the planetary wave activity is modulated by the 11-year solar cycle, so that the 
strongest QBO signal is found during solar maximum. 

TRANSPORT ACROSS THE SUBTROPICAL BARRIER AS 

OBSERVED   BY   THE    CRISTA    EXPERIMENT   AND   THE 
KASIMA/CTM 

W. Kouker (1). D. OfFermann (2), V. Kiill (2), Th. Reddmann (1) and R. 
Ruhnke (1) 

(1) Karlsruhe Research Center, Karlsruhe, Germany , (2)  University of Wup- 
pertal, Wuppertal. Germany . 

wolf gang. koukerSimk.fzk.de, of f erm«upos2. physik. uni-irappert al. de 

On November 3,1994 the Cryogenic Infrared Spectrometers and Telescopes for 

the Atmosphere (CRISTA) was launched aboard the Space Shuttle Atlantis 
into a 300 km, 57° inclination orbit and measured about 50,000 height profiles 

of limb radiance spectra. On November 6 1994 CRISTA analyses of NjO and 

HNO3 show three narrow tounges of mixing ratios pointing from the tropics 

poleward and eastward. Idealized transport experiments with the KArlsruhe 
Simulation model of the Middle Atmosphere (KASIMA) strongly support the 

hypotheses that these tounges are due to an advective transport process on 

a timescale of several days. The analyses is based on a subjective comparison 

as well as on objective statistical correllations between the CRISTA and the 
KASIMA analyses. 

C660 



TRANSIENT PLANETARY WAVES STRUCTURE IN THE MIDDLE 
ATMOSPHERE DURING 1991-1992 : UARS DATA ANALYSIS AND 
NUMERICAL MODEL RUNS 

A.Krivolutsky, B.Kiryushov, T.Vyushkova (Central Aerological Observatory, 
Dolgoprudny, Moscow Reg., Russia) 
P.Vargin (Moscow State University .Russia / Univ. of Köln, Germany) 
D.Pancheva (Geophysical Institute, Sofia.Bulgaria) 

Temperature UARS data (ISAMS instrument) from 100 mb up to mesospheric levels 
jointly with UKMO assimilated data and lidar temperature data were used to study 
character periods and wave numbers of transient planeta ry waves in the middle 
atmosphere with special attention to waves intensity at higher levels. Due to rather 
poor temperature mesurements by ISAMS instrument (in spite of its possibility for 
measurements in mesosphere) MEM spec tral teknique was used. The results of data 
analysis has revealed different character periods of oscillations like 2-3,5-7 and 9-15 
days which exist also in the mesosphere Similar periods were found also in D-region 
radio wave absorbtion. It is interesting to pay attention to the wave with the period 
near 2-3 days which has zonal wave number m=3. Spectral density of temperature for 
m=l,2,3 from 100 to 0.01 mb was calculated. The transient planetary waves existance 
at high levels of the middle atmosphere permits to suppouse of its penetration from 
troposphere. Numerical model runs support this idea. The waves which were obtained 
as a result of data analysis are in a good correspondence with "resonant" or normal 
waves which were genarated in model. 

THE "16-DAY" EASTWARD-TRAVELLING WAVENUMBER 2 
IN THE STRATOSPHERE: A COMPARISON BETWEEN THE 
HEMISPHERES 

K. Krüger (1), U. Langematz (1) and S. Pawson (2) 
(1) Institut für Meteorologie, Freie Universität Berlin, 12165 Berlin. Germany, 
(2) Universities Space Research Association, NASA GSFC, Greenbelt. MD 
20771, USA. 
kruegerestrat01.met.fu-berlin.de 

A wave calender of the Northern Hemisphere (-NH) stratosphere has revealed an 
interesting feature: a "quasi-16-day" eastward travelling planetary wavenum- 
ber 2, which occurs during Winter at high latitudes. This wave is a well-known, 
regularly occurring phenomenon in the Southern Hemisphere (SH). where its 
interaction with the quasi-stationary forced wavenumber 1 is related to a quasi- 
periodic amplifications of that wave; this can lead to minor midwinter warm- 
ings, as occurred in August-September 1988. This warming mechanism is quite 
different from that of major warming events in the NH. 
In this study, clear evidence of an eastward travelling wavenumber 2 event in 
the 1982/83 NH Winter is presented. It is related to several minor warmings. 
This case study will show that the 1982/83 NH and 1988 SH minor warmings 
have develop similarly. Nevertheless, the wavenumber 1/wavenumber 2 inter- 
actions in the two cases are different. 

SIMULATIONS OF MIDDLE ATMOSPHERE WINDS AND COMPARISON 
WITH LONG-TERM MESOPAUSE WIND MEASUREMENTS AT COLLM 
OBSERVATORY (52° N 15° E) 

Lange. M.(0. Schminder, R.(l), Jacobi, Ch..(l), Baier, F.(2), Günther, G.(2) 
(1) Institute for Meteorologie, University of Leipzig 
(2) Institute for Geophysik und Meteorologie, University of Cologne 
miange@rz.uni-leipzig.de 

Simulations of wind field dynamics in the upper mesosphere and lower 
thermosphere (MLT) region are performed with the Cologne Model of the Middle 
Atmosphere (COMMA) at the Leipzig Institute for Meteorologie (LIM). 
Numerical simulations in a nonlinear model are able to give an insight into energy 
transfer and coupling processes in the MLT region. Well analyzed wind 
measurements with high reliability of the dynamical parameters are necessary for an 
accurate interpretation of model results and to bring effects of tides and planetary 
waves into focus,- that are of actual interest. In this connection the results from the 
Comma model of the middle atmosphere are compared with the long-term 
midlatitude wind measurements from the Collm observatory. 

STRATOSPHERIC SUDDEN WARMINGS IN THE BERLIN TSM 
GCM, PART I: SENSITIVITY TO RADIATIVE HEATING RATES 
AND RESOLUTION 

U. Langematz and P. Erlebach 
Institut für Meteorologie, Freie Universität Berlin, 12165 Berlin, Germany. 
langCstratOl.met.iu-barlin.de/Fax: [+49] 30 838 711 28 

Erlebach et al. (1996) reported on the successful simulation of sudden 
stratospheric warmings in a 28-year integration of the Berlin troposphere- 
stratosphere-mesosphere general circulation model (GCM). The model was able 
to capture many of the observed characteristics of the warmings, e.g. major and 
minor events, their frequency and coupling to the troposphere. Some details of 
the evolutioh of the warmings however could not be reproduced properly by 
the model: e.g. the erosion of the polar vortex during major warming events 
and the restoration of the wintertime circulation. It was argued that the low 
horizontal resolution or a too weak radiative forcing might be responsible for 
that. Here, the discussion of these questions is continued using the results from 
a 10-year integration of a new model version. Major differences include an 
improvement of the IR-radiation parametrization in the stratosphere and of 
the ozone climatology. Different types of sudden stratospheric warmings devel- 
oped during the 10 northern hemisphere model winters, enabling a systematic 
analysis of the new model results with respect to deficiencies identified in the 
previous model version. The influence of the radiation and the model resolution 
on the simulated climatology and interannual variability will be discussed in 
some detail. 

ST16 Stratosphere-troposphere-exchange 
(co-sponsored by OA) 

Convener: Wirth, V. 
Co-Convener: Haynes, P.H. 

FINE STRUCTURE OF WATER VAPOUR TRANSPORT AT THE 
POLAR VORTEX 

R. Alfier (1), S. Pawson (1,2) and K. Ketelsen (3) 
(1) Institut für Meteorologie, Freie Universitüt Berlin, D-12165 Berlin, Ger- 
many, (2) Universities Space Research Association, Greenbelt, USA, (3) Cray 
Research Inc. München, Germany. 
alfier03trat01.met.fu-berlin.de/Fax: [+49]30 83871167 

The fine structure of water vapour transport at the edge of the polar vortex 
in northern winter has been investigated with a 3-dimensional model. The ex- 
periments were performed with a primitive equation mechanistic model. It was 
forced using observed 200hPa geopotential height fields for typical dynamical 
situations in wintertime. It has been run with coupled chemistry, using an ac- 
curate semi-Lagrangian transport scheme at a horizontal resolution of 1.4" x 
1.4° and a vertical resolution of 1.4km. The fine structure of the water vapour 
fields near the polar vortex edge are examined. The contributions of chemical 
and dynamical processes are investigated. 
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CORRECTION FOR PHASE ERRORS IN LAGRANGIAN MOD- 
ELLING OF TRACER FILAMENTS 

Maarten Ambaum (1) and Oliver Bujok (2) 
(1)   K.N.M.I.,   De   Bilt,   The   Netherlands,   (2)   FZ-Jülich,   Institut   für 
Stratosphärische Chemie, Germany. 

The main mechanism of mixing of chemical species in the stratosphere is 
thought to be a combination of horizontal advection and vertical shear. The re- 
sult of this mixing is, generally, a filamented structure of the tracer fields, both 
horizontally and vertically. This structure has been confirmed, for example, by 
various in situ aircraft measurements and balloon soundings. Recently, efficient 
Lagrangian based modelling tools have been developed to asses the fine-scale 
structure in the tracer fields. However, these tools are thought to be of limited 
importance for the prediction of measurements because they often show poor 
correlation between reconstructed and measured tracer concentration. 
We show that the main sources of this poor correlation are phase errors in 
the advected structures and errors in the determination of the reconstructed 
tracer field at the exact time of measurement. This is proven by correcting for 
these errors through a process of optimization (under certain constraints) of the 
correlation between measured and reconstructed tracer concentration and by 
explicitly taking into account the exact time of measurement. After these cor- 
rections the linear correlation between the measurement and the reconstruction 
may be higher than 90%. 

ISENTROPIC AND THREE-DIMENSIONAL TRAJECTORIES NEAR 
THETROPOPAUSE 

M.Bithell and LJ. Gray 
Rutherford  Appleton Laboratory,  Chilton,  Didcot,  Oxon,  OX11  OQX, 
ENGLAND 
M.BitheU @ rLac.uk /Fax: +44 (0) 1235 445848 

The effect of including three dimensional motion near the tropopause 
onstratosphere troposphere exchange is investigated using isentropic and 
three dimensional trajectories. Recent work has suggested that the 
differences between two and three dimensional motion may be important on 
a seasonal rimescale (Eluskiewicz, Geophysical Research Letters 23,1996). 
Here we show that where diabaric processes take parcels through the region 
of large vertical shear near the mid-latitude jet, the effect on the shape of 
small scale structures, such as tropopause folds, is significant even on 
timescales of a few days. This suggests that a proper treatment of 
stratosphere troposphere exchange mechanisms near to the tropopause 
requires a full three-dimensional treatment. 

LAGRANGIAN CLIMATOLOGY OF A SIMPLIFIED GENERAL 
CIRCULATION MODEL 

M. Bagliani (1), K. Fraedrich (1), J. von Hardenberg (2) and F. Lunkeit (1) 
(1) Meteorologisches Institut, Universität Hamburg, Bundestraße 55, 20146 
Hamburg, Germany, (2) CNR, Istituto di Cosmo-Geofisica di Torino, C. Fi- 
ume 10, 10100 Torino/Italy . 

We investigate the Lagrangian climatology of a Simplified General Circulation 
Model. The model integrates directly the primitive equations for the atmo- 
spheric fluid on a sphere. It make the assumption of dry air and consider no 
orography. Simple linear parametrizations are used to describe dissipative and 
radiative processes. 
Lagrangian tracers have been seeded on isentropic surfaces in the Eulerian field 
and their trajectories have been integrated in time, both using an isentropic 
2D approximation and using full 3D advection. 
We discuss the presence of barriers to transport and the possibilities of in- 
teremispheric and troposphere-stratosphere exchanges. Measure of the absolute 
meridional dispersion, spectra and histograms of tracers velocity allow to inves- 
tigate the different dynamic Lagrangian behaviours for the regions separated 
by barriers. 
To explore the role of seasonal forcing, we compare simulations with annual 
cycle with perennial spring runs. From the comparison of Lagrangian velocities 
histograms arises that the application of seasonal forcing does not change sig- 
nificantly the mean dynamics simulated by the model. This result is confirmed 
by the evaluation of Lagrangian velocities power spectra. 

Heterogeneous chemistry in the tropopause region 

Stephan Borrmann 
Institut fuer Chemie und Dynamik der Geosphaere 1, Forschungszentrum Juelich, 
52428 Juelich, Germany, s.borrmann@fz-jueIich.de, fax.:+49-2461-615346 

This presentation elaborates on the possibility of chlorine activating heterogeneous 
chemistry in the tropopause region occurring on cirrus cloud crystals, supercooled 
droplets, layers of increased numbers of small aerosol particles; and solution droplets 
of the upper tropospheric background aerosol. The high water vapor content, low 
temperatures, and slow photochemical recovery times near the tropopause make this 
region susceptible to heterogeneous processing, just as the extreme cold temperatures 
over the poles do for dryer air at higher altitudes. A detailed 2-D model study by 
Solomon et al., 1997, revealed that heterogeneous chemistry on the aerosol of the 
tropopause region could make a significant contribution to the ozone depletion in 
northern mid-latitudes. Input for these model calculations are climatological SAGE II 
satellite observations of cirrus cloud optical depths and cloud occurrence frequencies 
from 1988 and 1989, i.e., years of relative volcanic quiescence. Because of variations 
in observed cloud occurrence frequency and in photochemical and dynamical 
timescales, the presence of cirrus clouds likely has its largest effect on ozone near the 
northern hemispheric midlatirude tropopause. There the low background CIO mixing 
ratios could be enhanced by heterogeneous reactions by factors of 30, according to the 
model results. Since the reformation of HCI is a very slow process in the lowermost 
stratosphere, the relaxation of CIO to the clear sky background abundances can take 
hours to days depending on latitude and season. Thus, elevated CIO might persist 
longer than the cloud event itself. Due to the lack of chlorine nitrate, HCI, and CIO 
observations the discussed processes have to be considered as hypothetical. However, 
consideration of upper tropospheric heterogeneous chemistry might contribute to 
explain the shape of the vertical ozone depletion profile. 

LITHOSPHERIC   STRUCTURE   BENEATH   THE   SOUTHERN 
FRENCH ALPS INFERRED BY BROAD-BAND ANALYSIS. 

E. Bertrand and A. Deschamps 
Geosciences Azur, CNRS-UNSA, 250 Rue Albert Einstein, 06560 Valbonne - 
France. 
bertrandOfaille.unice.fr/Fax: (33) 4 93 65 27 17 

We present the preliminary results of a field experiment made as part of the 
GeoFrance 3D Alpes programme. During this passive seismological experiment, 
broad-band stations (CMG40 and CMG3) were set up during periods of 3-4 
months at different sites to complete the recently installed TGRS and ROSALP 
broad-band networks in the french Alps. We analyse teleseismic P-waves and 
their coda in order to constrain the lithospheric structure beneath the western 
Alps. We take advantage of the three components to compute Receiver Function 
isolating by the way the local Earth structure response beneath each station. 
The functions are inverted (in shape and amplitude) to recover the vertical 
variation of the waves velocities up to 50 km. Furthermore, we are looking for 
a model below 50 km by stacking data from different events to increase the 
signal-to-noise ratio of the 450- and 650 km discontinuities. The short distance 
between the station gives us a good control on the lateral variations of the 
lithospheric structure which we try to relate to the geodynamical context of 
the region. 

A CLIMATOLOGY OF STRATOSPHERE - TROPOSPHERE 
OZONE EXCHANGE FOR THE ATLANTIC - EUROPEAN SEC- 
TOR 

M. Bourqui, H. Wernli and D. Brunner 
Institute for Atmospheric Science, ETH Hönggerberg, CH-8093 Zurich, Switzer- 
land. 
bourquiCatmos.umnw.ethz.ch 

Quantification of stratosphere-troposphere transport is fundamental to the 
study and modelling of tropospheric and stratospheric chemistry. Here the an- 
nual distribution of upward and downward ozone flux across the tropopause 
is estimated in the 40°-60° latitude band covering the Atlantic and Europe 
sectors for the period May 95-May 96. The study is based upon aircraft mea- 
surements (NOXAR project) and a pseudo-Lagrangian trajectory calculation 
model using ECMWF analysed data. The focus is on strong exchange events 
involving trajectories directly crossing the 2PVU-tropopause, and ozo/ie mass 
conservation along trajectories is assumed. This method delivers estimates of 
the means of the: exchange probabilities; ozone concentration of the exchanged 
masses; origin and destination pressure levels of the exchanged parcels. The 
mean O3 vol. mixing ratios of exchanged masses possess a nice structure and 
the mean exchange probabilities appear to be qualitatively well correlated with 
a yearly averaged tropopause cut-off probability calculated with ECMWF data. 
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MIXING OF TROPOSPHERIC AIR INTO THE MID-LATITUDE 
STRATOSPHERE AND ITS ROLE IN ATMOSPHERIC CHEM- 

ISTRY 

A. Bregman and J. Lelieveld 
Institute of Marine and Atmospheric Research Utrecht, Princetonplein5, 3384 
CC Utrecht, The Netherlands. 

During recent years high resolution in-situ observations of a variety of trace 
gases have been carried out at northern mid-latitudes in the tropopause re- 
gion in the framework of the Stratosphere Tropopshere Experiment by Aircraft 
Measurements (STREAM) project. Trace gas and particle distributions in the 
lowermost stratosphere will be discussed. The dependence of these distribu- 
tions on season will be shown, including evidence of significant mixing from 
tropospheric air into the lowermost stratosphere. In addition, implications of 
these mixing processes for atmospheric chemistry will be demonstrated with 
results from a three-dimensional Chemistry-Transport Model. 

MICROWAVE LIMB-SOUNDING OF WATER VAPOR IN THE 
TROPOPAUSE REGION 

S. A. Bühler and K. Kiinzi 
Institute of Remote Sensing, University of Bremen, D-28359 Germany. 
stefan.buehlerOuni-bremen.de/Fax: [49] 421 218 4555 

Microwave limb-sounding is a very promising technique for global measure- 
ments of water vapor in the lower stratosphere and upper troposphere. How- 
ever, the interpretation of data from the tropopause region is not as easy as at 
higher altitudes. Firstly, the linear approximation is not valid at low tangent 
altitudes, due to the high water vapor absorption. Secondly, cirrus clouds have 
an impact on the measurements, which is difficult to model. 
We are presenting a case study based on data taken by the Millimeterwave 
Atmospheric Sounder (MAS) instrument during the ATLAS 1 Space Shuttle 
mission in March 1992. Care has been taken to separate data with and without 
cirrus cloud contamination. The cloud information was taken from the Meteosat 
Cloud Analysis (CLA) data product. The MAS data is compared to the GEOS- 
1 Multiyear Assimilation Data Set, issued by the Data Assimilation Office at 
Goddard Space Flight Center. The GEOS data set contains global water vapor 
fields, four times daily, up to 20 hPa. The comparison indicates that the GEOS 
data is significantly too high at altitudes above the tropopause. 
A comparison of the MAS data with radiosonde measurements available from 
the UKMO is also presented. 

ON THE USE OF THE RDF-TECHNIQUE FOR THE INTERPRE- 
TATION OF HIGH-RESOLUTION TRACER MEASUREMENTS 
IN THE TROPOPAUSE REGION: A CASE STUDY 

O. Bujok and D. S. McKenna 
Institut für Stratosphärische Chemie, Forschungszentrum Jülich, Jülich, 
D-52425 Germany. 
o.bujokCfz-juelich.de/Fax: [49] 2461 615346 

Subsynoptic and mesoscale flow features at tropopause levels pre-dominantly 
occur during stratospheric intrusions. These features are likely to result from 
the formation of filaments of air masses being either rolled-up or elongated 
in the presence of a background wind shear. With the recent introduction of 
model techniques like reverse-domain-filling (RDF) there has been an enor- 
mous progress in the modelling of filamentary structures observed by tracer 
measurements. 
In this paper, we will discuss the correspondence between experimental data 
and the results produced by the RDF-technique on the basis of a detailed 
case study. For the specific case, rich and coherent subsynoptic mesoscale fea- 
tures has been observed by satellite-borne water vapour images and airborne 
tracer measurements in the polar frontal region during a strong stratospheric 
intrusion. It is shown that the potential vorticity reconstructed via the RDF- 
method reveals filamentary structures that correlates with features seen by 
tracer measurements not only regarding positioning but also regarding ampli- 
tude. Sensitivity studies were carried out to demonstrate the possibilities for 
the optimization of the RDF-method and the limitations of its applicability. 

STRATOSPHERE-TROPOSPHERE EXCHANGES ACROSS THE 
POTENTIAL VORTICITY BARRIER OF THE SUBTROPICAL 
JET AS SEEN WITH MOZAIC-OZONE MEASUREMENTS 

J -P. Cammas, S. Jacoby-Koaly, K. Suhre, R. Rosset and A. Marenco 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 

Toulouse. 
The existence and the efficiency of the subtropical potential vorticity (PV) bar- 
rier inhibiting the stratosphere-troposphere exchanges between the lowermost 
extratropical stratosphere and the upper equatorial troposphere are investi- 
gated using Measurements of OZone by Airbus in-service AlrCrafttMOZAIC). 
Among the episodes of high ozone content encountered along MOZAIC flight 
tracks over Central Atlantic, only those having mixing ratio peak values ex- 
ceeding 100 ppbv are considered. The ozone episodes that have sub-synoptic to 
synoptic lengths (> 100 km) are all located north of 15-20°N, which corresponds 
to the mean latitude of the dynamical barrier due to the strong isentropic PV 
gradient on the cyclonic shear side of the subtropical jet core. Inversely, all 
the ozone episodes having shorter length scales (a few km to 100 km) are lo- 
cated south of the subtropical barrier within the upper equatorial troposphere. 
These ozone-rich transients-carry ozone mixing ratio that are comparable to 
that of their isentropic layer when embedded in the lowermost extratropical 
stratosphere. The occurence of so many ozone-rich transients southward of the 
subtropical barrier and in such an isentropic layer prompts to revisit our ideas 
on the efficiency of the barrier against isentropic exchanges and small-scale 

mixing processes. 

EXPERIMENTAL   EVIDENCE   FOR  THE   EXISTENCE   OF   A 
VERY LOWERMOST STRATOSPHERE 

O. Bujok (1), N. Eicke (2), A. Engel (3,*), J. Lelieveld (4), D. S. McKenna (5), 
C. Schiller (6) and M. Zöger (7) 
(1,2,3,5,6,7) Institut für Stratosphärische Chemie, Forschungszentrum Jülich, 
Jülich, D-52425 Germany, (4) Institute for Marine and Atmospheric Sciences, 
University of Utrecht, Utrecht, The Netherlands 3584 CC, (*) now at Institut 
für Meteorologie und Geophysik, Universität Frankfurt, Frankfurt, D-60054 

Germany. 
o.bujok«fz-juelich.de/Fax: [49] 2461 615346 

The gross transport of tropospheric air into the stratosphere occurs in the 
tropics through the Brewer-Dobson circulation. Nevertheless, there are also ex- 
perimental and theoretical findings for the direct impact of the troposphere 
on the extratropical, lowermost stratosphere in the course of near-tropopause 
phenomena such as penetrative cumulus convection or small-scale mixing as- 
sociated with upper level fronts and cyclones. However, little is known on the 
penetration depth of this direct impact and its geographical variations nor on 
the persistence of these tropospheric imprints in the stratosphere. 
In this paper, we will examine tracer-tracer-correlations from recent measure- 
ments in the extratropical tropopause region. These correlations strongly indi- 
cate the existence of a direct troposhere-to-stratosphere transport establishing 
an exchange layer just above the tropopause. The depth of this very lowermost 
stratosphere varies considerably as a function of the geographical location and 
exhibits a maximum in the vicinity of the mid-latitude jet stream. 

LIFE CYCLE OF A TROPOPAUSE FOLD. 

J.-P. Cammas (1), F. Ravetta (2) and G. Ancellet (2) 
(1) Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F- 
31400 Toulouse, (2) Service d'Aeronomie, Universite Paris 6, B102, 4, PI. 
Jussieu, 75230 Paris Cedex 05;. 

This presentation is a diagnostic study of the whole life cycle of a tropopause 
fold, from the initiation through the tropospheric fossilization. The case study 
occured in February 1997 during a shared period of two experimental projects: 
TOASTE-C (Transport of Ozone and Stratosphere-Troposphere Exchanges) 
and FASTEX (Fronts and Atlantic Storm Tracks Experiment). The reinforce- 
ment of the observations on the eastern coasts of the United States and over 
the Atlantic Ocean for the FASTEX experiment allowed the initiation phase 
to be well captured over New Foundland (Canada) by the ARPEGE (Meteo- 
France) global scale analysis system. With guidance based on successive diag- 
noses derived from the 72-h, 48-h and 24-h forecasts of the ARPEGE model, 
a french research aircaft (ARAT/INSU) equipped with the Airborne Lidar for 
Tropospheric Ozone (ALTO) has flown south of Ireland and over the Biscay 
Bay to sample the tropopause fold before its landfall over western Europe. As 
expected, lidar observations showed a thin mid-tropospheric layer with ozone 
mixing ratio about 60-80 ppbv. After documenting the tropopause fold life 
cycle and discussing the ozone observations, the presentation will finish with 
perspectives to evaluate stratosphere-troposphere exchange in this case. 
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THE RADIATIVE CONSTRAINT ON TROPOPAUSE HEIGHT 

G.C. Craig and J. Thuburn 
Dept. of Meteorology, University of Reading, PO Box 243, Reading RG6 6BB, 
UK. 
G.C.CraigOReading.ae.uk/Fax:+44 118 931 8905 

The height of the tropopause is determined by a combination of radiation and 
dynamics. It was proposed by Held (1982, 1. Atmos. Sei.) that these effects 
might be decoupled into radiative and dynamical constraints, each relating the 
height of the tropopause to the tropospheric temperature lapse rate. A simple 
model based on Held's radiative constraint was tested by Thuburn and Craig 
(1996, J. Atmos. Sei.) in a number of experiments using a full atmospheric 
general circulation model (GCM), and found to give good agreement. Further 
analysis of the simple model shows the radiative constraint to be a consequence 
of the fact that the lower stratosphere is close to radiative equilibrium, thereby 
constraining the tropopause temperature. This understanding of the simple 

. model has been verified directly using a more detailed radiative transfer code, 
and generalised to predict the dependence of tropopause height on shortwave 
radiative heating and dynamically-driven vertical motions in the lower strato- 
sphere. These predictions were tested against further GCM experiments which 
varied the apparent momentum source in the stratosphere. 

VOTALP: OBSERVATION AND SIMULATION OF A STRATO- 
SPHERIC INTRUSION EVENT OVER THE ALPS 

H. Feldmann and M. Memmesheimer (EURAD, Universität Köln) 
A. Stohl (Ludwig Maximilian Universität, München), T. Trickl (Fraunhofer 
Institut, Garmisch-Partenkirchen), P. Bonasoni (C.N.R FISBAT, Bologna), H. 
Gaeggeler (Paul Scherrer Inst., Villigen), W. Graber (Universität Bern), H. 
Kromp-Kolb (Universität für Bodenkultur, Vienna) 

The aim of the VOTALP project (Vertical Ozone Transports over the ALPs) 
is to study the various aspects of the ozone distribution over the Alps. 
One major focus of VOTALP is to study the influence ofstatospheric intrusions 
on the ozone at the Alpine peak level. The project combines observations 
at Alpine peaks, LIDAR measurements at Garmisch-Partenkirchen, vertical 
soundings and model simulations. 
For a special episode in May/June 1996 a stratospheric intrusion crossing 
the Alps has. been analysed. The measurements show an increase of ozone at 
the peaks in combination with low humidity and high Be7 concentrations. 
This episode has been simulated with the EURAD model. This model system 
consists of the NCAR MM5 mesoscale meteorological model (version 5) and the 
EURAD-CTM chemistry transport model. The model simulations have been 
performed to study the transport of ozone and stratospheric tracers towards 
the Alps. Special emphasis is laid on the further fate of the air masses which 
have entered the middle an lower troposhere under anticyclonic conditions 
with subsidence. Trajectory and budget calculations will be presented as well 
as a comparison of simulated and observed data. 

WATER VAPOUR TRANSPORT ASSOCIATED WITH THE ASIAN SUMMER 
MONSOON 

AJ2£lh2t(l), A. O'Neill (1) and I. Slingo (1) 
(1) Department of Meteorology, University of Reading, UK 
antje@met.reading.ac.uk 

This study employs ECMWF Re-Analysis data to investigate the water vapour 
distribution in the upper troposphere. Water vapour is the primary greenhouse gas and 
understanding the processes which determine its distribution and transport is crucial. 
Of special interest is the exchange of water vapour across the tropopause. Our study 
considers how the Asian summer monsoon affects the moisture budget of the upper 
troposphere and lower stratosphere. We find that the region of the Asian summer 
monsoon is a significant moisture source for the upper troposphere outside the deep 
tropics. Monsoon convection moistens the region of upper level monsoon anticyclone 
which is located close to the tropopause break where isentropes slope from the 
troposphere into the stratosphere. An isentropic analysis shows that transport from the 
troposphere into the stratosphere in this region is normally prevented by strong 
potential vorticity gradients around the tropopause. However, midlatitude synoptic 
disturbances occasionally interact with the monsoon anticyclone and pull filaments of 
tropospheric air off the northern flank of monsoon anticyclone. These filaments, 
characterised by high values of humidity and low values of potential vorticity, can 
extend far into the extratropical northern stratosphere. Our case study constructs a 3- 
dimensional picture of the water vapour transport associated with these filaments, and 
their interannual variability is investigated. 

RADIATIVE DECAY OF STRATOSPHERIC LAMINAE IN THE 
TROPOSPHERE 

C. Forster and V. Wirth 
Meteorologisches Institut, Universität München, Theresienstraße 37, 80333 
München, Germany. 
caroCneteo.phy8ik.uni-muenchen.de /Fax: +49-89-2805508 

Sometimes layers of air are observed in the troposphere which are stratospheric 
in most regards but which are lacking a significant high potential vorticity (PV) 
signature. It has been suggested that this may be a result of radiation, since 
radiation affects PV but leaves ozone and humidity unchanged. In this paper, 
the radiative decay of idealized stratospheric laminae located in a standard 
midlatitude troposphere is investigated numerically using a realistic radiation 
scheme. The laminae are characterized by high values of PV with a Gaussian 
profile in the vertical and corresponding signatures in humidity and ozone. 
Initially the PV-anomalies decay with a characteristic time scale of a few days, 
but later the decay slows down considerably. At later times radiative cooling 
renders the upper part of the laminae convectively unstable. For laminae with 
finite horizontal extent the change in aspect ratio is studied. The results are 
compared with those from a simple analytical model, which has been used 
before in the context of stratospheric filaments. 

THE DRY LOWERMOST STRATOSPHERE IN THE 
ARCTIC WINTER: EVIDENCE FOR LOCAL DEHY- 
DRATION 

N. Eicke(l), 0. Bujok(l), H. Fischer(2), D.S. McKenna(l), C. Schiller(l), H. 
Schlager(3) and M. Zöger(l) 
(1) Institut für Stratosphärische Chemie (ICG-1), Forschungszentrum Jülich, 
Germany, (2) MPI-C Mainz, Germany, (3) DLR Oberpfaffenhofen, Germany 
n.eicke@fz-juelich.de/Fax: +49-2461-615346 

Measurements of H2O have been performed during the Polar Stratospheric 
Aerosol Experiment (POLSTAR) in January/ February 1997 in Kiruna 
20°ESS°N in order to investigate possible condensation processes in the 
tropopause region of the Arctic. Correlations between water vapour and trace 
gases as N2O, CO and O3 will be shown in this paper and compared to those 
obtained at different latitude and season. A linear correlation between H->0 
and e.g. CO was found in the lower stratosphere for most of the flights. During 
these flights, the relative humidity was about 25% or less in the lower strato- 
sphere. However, deviations from this correlation found on two days indicate 
evidence for dehydration in the tropopause region: In these special situations 
the H2O mixing ratio was close to or above the saturation mixing ratio. This 
mechanism might be important to explain the dryer lowermost stratosphere in 
the Arctic winter compared to other locations and seasons. 

LIDAR AEROSOL MEASUREMENTS SHOWING THE STRATI- 
FIED STRUCTURE OF THE ANTARCTIC POLAR VORTEX IN 
THE SPRING OF 1992 

S. Godin, V. Bergeret, S. Bekki, C. David and A. Hauchecorne 
Service d'Aeronomie du CNRS, Paris, France, 
sophie.godinOaero.jussieu.fr 

The decay of the Mt. Pinatubo volcanic cloud was monitored from 1991 to 
1994 by a ground-based backscatter lidar system implemented at the Antarctic 
station of Dumont d'Urville (66.4 S, 140 E). During winter and springtime, 
the location of the station at the periphery of the Antarctic continent allows 
to sample air inside or outside the vortex within very short periods of time. 
The aerosols measurements performed in the spring of 1992, a period when 
the vortex was deformed by planetary waves and slanted with respect to the 
vertical direction, allow to clearly visualise the stratified structure of the vortex. 
These observations, analysed in equivalent latitude at various altitude levels 
will be detailed in the presentation, together with ozone sondes measurements 
performed in the same conditions. A high resolution PV advection model will 
also be used to evaluate possible mixing with low latitudes regions in the low« 
stratosphere. 
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CASE STUDY OF A CUT-OFF LOW DURING TOASTE-C CAMPAIGN. 

Hervd Gouget and Geraint Vaughan, Physics Dept, Aberystwyth Wales, UK. 

Abstract : The purpose of this work is to evaluate the relative contribution of different 
processes which can lead to the mixing of stratospheric air initialy contained in a cut-off low 
into the troposphere. The paper is based on a case-study of a cut-off low that occured during 
the TOASTE-C campaign in JUNE 1996. 

The approach taken is to study the evolution of potential vorticity along trajectories 
initialised in the low. Ozone measurements by MOZA1C are used to check that the initial and 
final PV distributions may be compared (i.e. the 03/PV ratio in the stratosphere is similar and 
the position of PV gradients match those in ozone). Since a decrease of PV along a trajectory 
can occur through diabatic processes or mixing. 3-D and isentropic 2-D trajectory calculations 
were compared to ascertain the validity of isentropic assumption. 

Having verified this validity, isentropic trajectories were calculated at 310 K and 
320 K. Comparisons between ECMWF PV fields and MOZAIC ozone measurements showed 
that the PV fields on the 14th and on the 22nd of June 1996 were reliable. When comparing 
PV in the cut-off low on the 14th and on the 22nd, a clear PV decay appears at both levels. 
Convective erosion seems to be responsible for the mixing at 310 K. At 320 K, the vertical 
component is less likely to be responsible for the mixing, and a horizontal mixing occuring in 
the region of the jet seems to be predominant. 

Analysis of the Seasonal Transport of Ozone and Water 
Vapor into the Lower Stratosphere 

P. Hess (National Center for Atmospheric Research, P.O. Box 
3000, Boulder.CO 80307-3000, U.S.A) 

The composition of the lowermost stratosphere is influenced by 
both the transport of well aged stratospheric air into the lower- 
most stratosphere, and the incorporation of fresher air more re- 
cently transported through the tropical and subtropical tropopause. 
Using model analysis, satellite data and chemistry codes the rela- 
tive importance of these two processes are diagnosed as a function 
of the time of year in both hemispheres. 

MERIDIONAL TRANSPORT OF OZONE IN THE LOWER STRATOPHERE 
AT MIDDLE LATITUDES: LIDAR OBSERVATIONS AND SIMULATION 
WITH A HIGH RESOLUTION ADVECTION MODEL 

A. Hauchecorne, S. Godin and C. Souprayen 
Service dAeronomie du CNRS, BP3, 91371 Verrieres-le-Buisson Cedex, 
France, hauchecorne@aerov.iussieu .fr 

The observed decrease of ozone during the last 15 years in the middle 
latitude lower stratosphere is still not well understood. One of the possible 
causes of decrease is the transport of polar air depleted in ozone which 
occurs in laminae, formed at the edge of the wintertime polar vortex. The 
signature of such filamentation events as well as the signature of subtropical 
intrusions are clearly visible in the vertical profiles of the ozone Lidar set-up 
at Observatoire de Haute-Provence (44N, 6E). A high resolution model of 
advection of potential vorticity on isentropic surfaces has been developed in 
the preparation to the European THESEO campaign in 1998/99. The model 
will be presented and the results of a simulation made for the case of 
January 1997, where a polar filament and a subtroppical intrusion were 
successively observed by the ozone lidar, will be shown. 

NONHYDROSTATIC NUMERICAL SIMULATIONS AND 
WIND PROFILERS OBSERVATIONS OF A CUT-OFF LOW- 
EPISODE NEAR THE ALPS 

P. Hreil and J. Van Baelen 
METEO-FRANCE, CNRM, 42 av. Coriolis, 31057 Toulouse, France 
philippe.hereil@meteo.fr 

Strong rainfalls in the Alpine region are often linked to the formation 
and the stagnation of a cut-off low (COL) near the mountain ridge. In 
the Mesoscale Alpine Programme (Binder et al., 1995), our concern is 
to study how the Alps influence the different stages of the life cycle 
of a COL, and how in return, the COL modify the orographic effects. 
The available experimental system consists in a meso-scale model and a 
wind-profilers network. The nonhydrostatic model Meso-NH has a com- 
plete package of physical parameterizations and can be coupled with 
real meteorological analyses or forecasts. The wind-profilers network is 
composed of five ST radars located in strategic places, offering high- 
frequency recording of the vertical profiles of the three components of 
the winds, and of atmospheric reflectivity fields which can be used to 
estimate the tropopause height. The experimental system is used to 
investigate a real case of COL formation, issued from the ESTIME ex- 
periment (Bertin et al., 1997). 

QUANTIFICATION OF LOWER STRATOSPHERIC MIXING 
PROCESSES USING AIRCRAFT DATA 
P.H. Haynes and M.G. Balluch 
DAMTP, University of Cambridge, UK. 
P.H.Haynesedamtp.cam.ac.uk/Fax: [+44] 1223-337918 

Quantitative bounds on the strength of lower stratospheric mixing processes, 
represented by a vertical diffusivity D are estimated from high-resolution tracer 
data collected in recent aircraft campaigns. A first approach based on identi- 
fying small-scale features and requiring that D be sufficiently small that such 
features can survive suggests that D can be no larger than lfr'mV1 and is 
perhaps considerably less. A second approach based on identifying features that 
are partially mixed implies a value of D of 1.4 x 10""2m2s_1. Comments will 
be made on the disagreement between these results and those deduced from 
radar studies which have suggested a value of D of around 2 x 10-1m2s_1. 
Some implications for observed tracer spectra will also be discussed. 

TRANSPORT IN THE LOW LATITUDE TROPOPAUSE 
REGION AS SIMULATED BY THE UK METEOROLOGI- 
CAL OFFICE UNIFIED MODEL 

D.R Jackson (1), J.A Pamment (1), J. Methven (2) and V.D Pope (1) 
(1) The Hadley Centre, UK Meteorological Office, Bracknell, UK, (2) 
Department of Meteorology, University of Reading, UK. 
drjackson@meto.gov.uk 

Two simulations made with the climate version of the UK Meteorological 
Office Unified Model are presented. It is shown that the model simula- 
tion near the tropopause is greatly improved when the number of model 
levels is increased from 19 to 30. Comparison with Halogen Occultation 
Experiment (HALOE) water vapour observations shows that the change 
to 30 model levels not only leads to a better simulation of the zonal mean 
water vapour distribution, but also improves the simulation of promi- 
nent longitudinally varying features. A particularly striking example is 
the simulation of the region of dry air observed over Indonesia at 100 mb 
in December - January - February (DJF). These results suggest that the 
30 level model version realistically simulates troposphere to stratosphere 
transport in the tropics. Accordingly, in the second part of this paper 
we present a more detailed examination of such transport made using 
idealised model tracers and an off-line trajectory model driven by model 
winds. 
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THE MERIDIONAL CIRCULATION IN THE LOWERMOST 
STRATOSPHERE 

M.N. Juckes (Meteorologisches Institut der Universität München) 

The meridional circulation in the extra-tropics may be classified according to 
the nature of the eddies which account for the necessary angular momentum 
transports. According to this classification the circulation in the lowermost 
stratosphere is an extension of the tropospheric circulation associated with 
baroclinic waves. Analysis of the structure of these waves relative to the 
tropopause reveals a surprising result. The zonally averaged circulation in 
the stratosphere is, on those isentropes which intersect the tropopause, an 
indirect circulation away from the pole towards the equator. That is, if one 
averages around the entire isentrope one finds a direct circultion but if one 
restricts attention to the stratospheric part of the circulation one finds an 
idirect circulation. The consequences for tracer transport will be discussed. 

TRANSPORT SIMULATIONS OF NATURAL TRACERS WITH 
THE ECHAM GCM: SENSITIVITY OF STRATOSPHERE- 
TROPOSPHERE EXCHANGE TO THE VERTICAL RESOLU- 
TION 

C. Land (1), J. Feichter (2) and R. Sausen (1) 
(1) Deutsches Zentrum für Luft- und Raumfahrt, Institut für Physik der At- 
mosphäre. Oberpfaffenhofen, D-82234 Weßling, Germany, (2) Max-Planck- 
Institut für Meteorologie, Bundesstr. 55, D-20146 Hamburg, Germany. 
Christ ine.landOdlr.de 

The global distributions of SFs and 14C from above-ground nuclear weapon 
tests have been simulated with two versions of the atmosphere general circu- 
lation model ECHAM: the standard version with 19 layers and a vertical res- 
olution of approx. 2 km in the tropopause region and a modified version with 
the same model top, but 39 layers and about 1 km vertical resolution. Both 
trace substances are of anthropogenic origin and long-lived. SFs is emitted 
continously at the surface, whereas bomb produced 14C has been introduced 
rather instantaneously in the northern hemispheric stratosphere. Because of 
their different source regions, this tracer pair represents a suitable combination 
for evaluating vertical transports in either directions. The models' transport 
characteristics are analysed with regard to stratosphere-troposphere exchange 
in terms of adjustment times. The simulation results are compared with ob- 
served concentration distributions. 

SIMULATION OF A STRATOSPHERIC INTRUSION EVENT AT 
SUBTROPICAL LATITUDES USING A COUPLED CHEMISTRY- 
GENERAL CIRCULATION MODEL. 

fV Kcntarchos, G.J. Roetofs. J. Lelieveld (Institute for Marine and Atmospheric 
Research IMAU. Princetonplein 5.3584 CC Utrecht. The Netherlands) 

An important source of 03 in the troposphere is downward transport from die 
stratosphere through tropopause foldings associated with large scale cyclogenesis, 
cut-off lows and quasi-adiabatic transports along isentropic surfaces at mid-latitudes. 
Stratosphere-troposphere exchange (STE) processes co-determine the distribution of 
03 in the troposphere, and knowledge of its influence on tropospheric 03 levels is 
necessary to assess the climate effects of 03 perturbations due to human activity. A 
tropopause folding event associated with the development of a cut-off low over 
southeastern Europe at the end of March 1995 enhanced the ozone concentrations 
in the upper troposphere. The episode has been simulated using a coupled chemislry- 
GCM that has been 'nudged' towards actual meteorology using a simple four- 
dimensional assimilation technique based on ECMWF data. The GCM used is 
the European Centre Hamburg Model, version 4 (ECHAM-4). Results of the model 
run are compared with observational and analysed meteorological data. In 
particular, simulated geopotential heights show a realistic representation of the 
synoptic development of the cut-off low system. The model also successfully 
reproduce the space-time evolution of potential vorticity and specific humidity 
fields associated with the tropopause fold. Furthermore, modelled 03 
concentrations during that period show a pronounced increase in the upper 
troposphere associated with downward fluxes from the stratosphere. The good 
qualitative {and in many cases quantitative) agreement between the simulated and 
observed stratospheric intrusion event shows that the model provides a useful 
tool to analyse stratosphere-troposphere exchange processes and their effect on 
the tropospheric ozone budget. 

Transport and mixing of a long-lived stratospheric intrusion in the upper 
troposphere. 

Ground-based lidar measurements of ozone and aerosol profiles above Fritz Peak 
Observatory near Boulder, Colorado (40N.105W) are used in conjunction with 
radiosonde profiles and satellite water vapor imagery to characterize the structure of a 
dry. ozone-rich streamer of stratospheric air that appeared in the upper troposphere 
over the western United States on June 30.1997. The streamer remained intact through 
more than six hours of observations before being rapidly dissipated through 
convective mixing induced by the incursion of a moist subtropical air mass between 
the streamer and the convective boundary layer. Potential vorticity analyses and 
isentropic back trajectories are used in conjunction with water vapor imagery to show 
that the streamer evolved from a stratospheric intrusion that took place 
approximimately 10 days earlier and more than 8,000 km from Colorado above East 
Central Asia. 

ANALYSIS OF TRANSPORT AND EXCHANGE PROCESSES IN 
THE TROPOPAUSE REGION BY MEANS OF LAGRANGIAN 
METHODS 
J. Kowol-Santen (1), F. Ravetta (2) and A. Ebel (1) 

(1) Institut für Geophysik und Meteorologie, Universität zu Köln. Germany. (2) 
Service d'Aeronomie du CNRS, Paris, France 
kowolQgeo.uni-koeln.de 

This paper is focusing on Lagrangian studies of the dynamical processes in the 
tropopause region. A case study is presented analysing air mass transport within 
a trough and a streamer developing therefrom in February 1997. The episode was 
simulated using the EURAD model system designed for mesoscale meteorologi- 
cal and chemistry transport simulations. The air mass flow was analysed by two 
Lagrangian methods - contour advection and trajectory analysis - which are imple- 
mented as postprocessors of the meteorological model MM5 in the EURAD model 
system. The results of the contour advection studies are compared with measu- 
rements carried out during a Transport of Ozone and Stratosphere-Troposphere 
Exchange (TOASTE) campaign on February 4 and 5. 1997. The Airborne Lidar for 
Tropospheric Ozone (ALTO) flown on the French Fokker 27 measured thin ozone 
rich layers in the free troposphere the origins of which were determined by the 
use of contour advection. For quantitative estimates of stratosphere-troposphere 
exchange the analysed area was embedded in a three-dimensional box covering the 
upper troposphere and lower stratosphere. 21000 forward trajectories were released 
within the box and potential vorticity and temperature were calculated, along the 
trajectory path. Thereby we can determine whether the air parcels have crossed 
the tropopause. The results of these flux estimates are compared with results of 
Eulerian calculations (budget calculations and Wei's formula). 

A CRITERION FOR THE FORMATION OF FILAMENTS 
AROUND THE POLAR VORTEX. 

G. Lapeyre (1) and B. Legras (2) 
(1) Laboratoire de Physique des Oceans, IFREMER. BP 70, 29280 Plouzane. 
France, (2) Laboratoire de Meteorologie Dynamique du CNRS, 24 rue 
Lhomond. 75231 Paris Cedex 05, France. 

The study of Lagrangian accelerations in geophysical turbulence allows to par- 
tition the fluid into regions with different dynamical properties (B.L. Hua and 
P. Klein, Physica D, 1997). The partition is based on the eigenvalues of a linear 
operator, describing the evolution of particle dispersion or of tracer gradients. 
The analysis is applied here to diagnose the formation of steep gradients and 
the generation of filaments around the polar vortex in the stratosphere durin» 
two study periods in January 1992 and February 1995. By comparing with 
contour advection calculations, it is shown that the eigenvalues can be used as 
a predictor of the formation of filaments on the boundary of the vortex. 
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THE RELATIONSHIP BETWEEN THE EXCHANGE ACROSS 
THE SUBTROPICAL BARRIER AND PLANETARY WAVE AC- 
TIVITY IN A GLOBAL MODEL. 

S. Leder (1) and A. Beck (2) 
(1) Institut für Meteorologie, Freie Universität Berlin, D-12165 Berlin, Ger- 
many, (2) Regionales Rechenzentrum Niedersachsen, Universiät Hannover, D- 
30159 Hannover. 
leder0strat01.met.fu-berlin.de/Fax: [+49] 30 838 711 67 

The exchange of air from the tropics into midlatitudes across the stratospheric 
subtropical barrier is investigated in terms of potential vorticity fields on isen- 
tropic levels in a global 3-d mechanistic gridpoint model. 
Vacillations of the planetary wave activity are caused by the two concurrent 
effects of a steady state forcing at the lower boundary at 200 hPa with observed 
geopotential height climatologies, which pull the model away from the zonal 
mean initial state, and by the Newtonian Cooling parametrization of diabatic 
heating, which relaxes the model temperatures to the zonal mean radiative 
equilibrium temperature. 
In order to investigate the behaviour of the stratospheric subtropical bar- 
rier under different climatological situations, we have performed two 1000 day 
model simulations with an 'ENSO (EL Nino/Southern Oscillation) cold' and 
an 'ENSO warm' forcing at the lower boundary. The overall evolution of the 
model stratosphere is in accord with the observations of ENSO cold and ENSO 
warm years. Exchange events across the subtropical barrier always occur during 
periods with large wave activity. 

SPATIAL AND TEMPORAL VARIABILITY OF TROPOPAUSE 
FOLDS OCCURENCE - IMPLICATION FOR THE CROSS TRO- 
POSPHERIC OZONE FLUX 

C. Mancier (1). M. Beekmann (1), G. Ancellet (1) and A. Marenco (2) 
(1) Service d'Aeronomie. B102, Univ. Paris 6, 4 place Jussieu. 75252 Paris 
cedex 05, France, (2) Laboratoire d'Aerologie. 14 av E. Belin 31400 Toulouse, 
France. 
christelle.mancierCaero.jussieu.fr 

A climatology of tropopause folds has been established by using two data sets 
of together more than 10000 vertical ozone, temperature, relative humidity 
and wind profiles. The profiles were obtained either by ozone/radiosoundings 
(made available by WODC) and by in-situ measurements on commercial air- 
craft (MOZAIC project). An automatic detection algorithm for tropopause 
folds was developped and validated by extensive meterorological analysis. We 
found that folds were more abondant over North America (10 9< of the sound- 
ings) than over Japan (7%) and Europe (4</i). Also within continents, strong 
spatial differences were encountered. Another interesting result was that the 
folding occurrence showed a significant positive trend over North America and 
over Europe, more folds being detected especially in the nineties. An attempt 
will be made to correlate these results with climatolgies of other meteorologi- 
cal parameters / tracers (e.g. cyclone occurrence, ...). The fold occurrence was 
combined with litterature estimates of the ozone amount transfered in single 
events, in order to derive the regional and northern hemispheric ozone flux 
across the tropopause. 

PSEUDO-CONTOUR ADVECTION WITH SURGERY. 

A. Mariotti (1), B. Legras (2) and C.R. Mechoso, Atmospheric Siences De- 
partment, UCLA, USA (3) 
(1) Gruppo di Dinamica Atmosfera ed Oceanica, ENEA, Roma, Italy, (2) Lab- 
oratoire de Meteorologie Dynamique du CNRS, Paris, France. 

Contour advection is frequently used to reconstruct small-scale structures of 
potential vorticity or tracers on isentropic layers. The main assumption of this 
method is that the evolution of the field remains purely adiabatic over a finite 
integration time. We present a modified version of contour advection in which 
large-scale information, collected either from operational weather analysis or 
from satellite measurements, can be included. The modification introduces a 
large-scale pseudo-velocity which moves the contour in order to preserve the 
large-scale constrains provided by the observations, and generates new contours 
when required. The new algorithm can be used in an on-going assimilation 
procedure unlike standard contour advection which is applied as a series of 
initial value problems. The method will be demonstrated on a idealized case. 
We hope to present also results on the formation of the O3 collar around the 
southern hemisphere late winter polar vortex. 

COMPARISON OF RDF WITH IN-SITU DATA 

D. McKsnna, O. Bujok, N. Thomas 
Institut für Stratosphärisch« Chemie (ICG-1), 
Forschungszentrum Jülich, Germany 
d.mckenna®fz-juelich.de/Fax: +49-2461-815346 

Over the last few years there have been an increasing use of two trajectory tech- 
niques (Contour Advection and Reverse Domain Filling (RDF) Trajectories) to 
assist in ehe visualization of flows. Although the initial motivation for this work 
came from dynamical studies of simple model atmospheres. The technique has 
been applied with qualified success to a number of real atmospheric situations 
where more or less reliable large scale dynamical wind fields are available. The 
outcome of these studies have been mixed with some studies concluding that 
they are at best qualitative while other studies have shown apparantly remark- 
able agreement. In this talk the RDF technique will be used to 'reconstruct' 
a PV distribution at high resolution that contains structural feature of similar 
scale to insitu aircraft observations. Under some circumstances encouraging 
agreement is obtained between structures in the aircraft observations and fea- 
tures in the reconstructed PV. Reasons for the agreement and disagreement 
will be discussed. 

TRANSPORT IN THE MIDDLE ATMOSPHERE (MA) ECHAM 
GENERAL CIRCULATION MODEL 

E. Manzini and J. Feichter 
Max Planck Institut für Meteorologie, 20146 Hamburg, Germany. 

The simulation of the large scale transport in the MA/ECHAM general circu- 
lation model is evaluated by analyzing the multi-year and three dimensional 
evolution of two tracers: SF6, a tracer with specified sources at the surface, 
linearly increasing with time, and a C14 tracer cloud, initialized in the polar 
lower stratosphere. The MA/ECHAM model is the middle atmosphere version 
(surface to 0.01 hPa) of the ECHAM4 general circulation model. Among novel 
aspects, the MA/ECHAM model includes a parameterization of the effects of 
a continuous spectrum of gravity waves. The MA/ECHAM model will be used 
in simulations including active feedbacks with chemical models, one motivation 
for first evaluating its passive tracer transport. Given that the MA/ECHAM 
model include the middle atmosphere, it is possible to investigate the role of 
the large scale residual circulation encompassing the middle atmosphere on the 
stratosphere-troposphere exchange. 
Availability of several observations of SF6 and C14 concentrations allows a com- 
parison with the simulation results. The characteristics of the upward transport 
in the model are elucidated by the temporal evolution of the SF6 tracer. It is 
shown for instance that most of the upward transport is occurring in the tropics 
and therefore a meridional gradient in the SF6 tracer concentration develops 
along the 400 K isentrope. From the analysis of the C14 tracers it is possible 
instead to deduce the location and seasonality of the downward transport. 

OBSERVATIONS OF TRACE GASES IN THE VICIN- 
ITY OF A TROPOPAUSE FOLD 

D. McKenna(l), A. Lemer(2) 
(l)Inatitut für Stratosphärische Chemie (ICG-1), 
Forschungszentrum Jülich, Germany, 
(2)Institut der Belasteten Atmosphäre (ICG-2), 
Forschungszentrum Jülich, Germany 
d.mckenna®fz-juelich.de/Fax: +49-2461-615346 

Tropopause folds are one of the final steps in the transport and modification of 
air from the tropics to northern latitudes through the stratosphere. Classical 
tropopause fold studies concentrate on the flux of dry ozone rich air from the 
stratosphere into the troposphere. In this study we will present composition 
measurements of ozone and condensable vapours such as water vapour. Evi- 
dence will be presented that indicates the nett transfer of water vapour into 
a tropopause fold giving the possibility that although in fold events the main 
transfer is from the stratosphere to the troposphere there may be a reverse flux 
of moisture (but not air) from the troposphere into the stratosphere. Further 
evidence for the existance of such processes will be discussed. 
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ON THE ADVECTION OF HIGH RESOLUTION TRACERS BY 
LOW RESOLUTION WINDS 

J. Methven and B. Hoskins 
Department of Meteorology, University of Reading, UK. 
J.MethvenOreading.ac.uk 

Recently Lagrangian techniques have been employed to study the global trans- 
port of atmospheric chemicals. Large scale strain tends to dominate the ap- 
pearance and positioning of tracer filaments so that tracers simulated using 
coarse-grained wind fields to integrate the trajectory equation closely resem- 
ble those simulated using the highest resolution analyses available. Here, it is 
shown that although contour stretching rates are very insensitive to the spatial 
truncation of the wind field the displacement errors in filament position are 
sensitive. A quantitative lower estimate is obtained for the tracer scale factor 
(TSF); the ratio of the smallest resolved scale in the advecting wind field to the 
smallest width above which all filaments are accurately positioned by a contour 
advection (CA) simulation. For a baroclinic wave life cycle the TSF=6.1 ± 0.3 
whilst for the N'H wintertime lower stratosphere the TSF=5.5 ± 0.5. Uncer- 
tainty in contour initialisation is investigated for the stratospheric case. The 
effect of smoothing initial contours is to introduce a spin-up time, after which 
wind field truncation errors take over from initialisation errors (2-3 days). It is 
also shown that false detail from the proliferation of fine-scale filaments limits 
the useful life-time of such CA simulations to 7-10 days. 

DYNAMICS   AND  TRANSPORT  IN  THE  LOWER  STRATO- 
SPHERE 

R. Alan Plumb 
Program in Atmospheres, Oceans and Climate, Massachusetts Institute of 
Technology, Cambridge, MA 02139, U.S.A.. 

This talk will comprose an overview of recent developments in our understand- 
ing of lower stratospheric dynamics and transport. The gross mass flux across 
isentropic surfaces is associated with the diabatic circulation, which in middle 
latitudes is now recognized as being driven by waves through the "extratropical 
pump" mechanism. However, the observation that upwelling is concentrated in 
the tropics is somewhat perplexing, given that, if wave breaking is confined 
to the midlatitude surf zones, and the stratosphere is linear and inviscid, up- 
welling would concentrate at the subtropical edge of the surf zone. Relevant 
results from a zomally symmetric model will be described. 
Observations of lower stratospheric tracers will be interpreted, with the aid of 
a '"leaky tropical pipe" model of the stratosphere, to put constraints on our 
understanding of transport across the key transport barriers—the subtropical 
edge, the tropical tropopause, and the midlatitude tropopause. 

STUDY OF STRATOSPHERE TROPOSPHERE EXCHANGE AT 
HIGH LATITUDES WITH MST RADAR AND OZONESONDES 

K. Persson, H. Nilsson, S. Kirkwood and P. Chilson 
MRI Atmospheric Programme, Swedish Institute of Space Physics, P.O. Box 
812, S-981 28 Kiruna, Sweden. 
karina9iri.se/Fax: [+46] 980 790 50 

The ESRAD MST radar, located at Esrange (68"N, 21°E), made continuous 
measurements of winds and layering structure in the troposphere and lower 
stratosphere during the entire winter 1996/97, and will continue to make mea- 
surements during the winter 97/98. One of the many atmospheric features 
which are detected by the radar is the tropopause and the layer of lowermost 
stratospheric air just above the tropopause, which give distinctive signatures in 
altitude profiles of radar echo power. On several occasions during the winter of 
1996/97 the radar tropopause over Esrange was observed to branch. Using me- 
teorological maps and ozone sondes we show that most such ESRAD features 
also correspond to frontal zones. Comparison with ozonesondes also shows that 
the weak and low tropopause in a trough can be identified with the MST radar. 
However, on a number of occasions a region of enhanced radar echoes extending 
from a trough corresponded to regions of stratospheric air (high ozone content 
/ low humidity) as identified by ozonesondes. It therefore seems possible to 
monitor the stratospheric intrusion with the radar, if it can be identified as a 
stratospheric airmass with ozonesonde data. Results from such combined radar 
- ozonesonde measurements during the the winters 96/97 and 97/98 will be 
presented. 

STRATOSPHERE-TROPOSPHERE EXCHANGE WITHIN A 
CUT-OFF LOW: AIRBORNE MEASUREMENT CAMPAIGN 
AND MESOSCALE MODELLING 

F. Ravetta (1). G. Ancellet (1) and J. Kovvol-Santen (2) 
(1) Service d'Aeronomie du CN'RS, Paris. France, (2) Institut für Geophysik 
und Meteorologie. Cologne. Germany. 
franeois.ravettaOaoro.jussieu.fr/Fax: [33] 1 44 27 37 76 

In June 1996, a Transport of Ozone and Stratosphere-Troposphere Exchange 
(TOASTE) campaign was set up to study the evolution of a cut-off low sys- 
tem after its removal from the general circulation. The Airborne Lidar for 
Tropospheric Ozone (ALTO) was flown on the French Fokker 27 research air- 
craft. Ground based measurements and radiosondes are also available. The use 
of an aircraft allows us to follow the system for several days and many two- 
dimensional ozone and aerosol backscattering coefficient vertical cross-sections 
through it are available. The observed decay of the cut-off low is investigated 
in association with the question of irreversible transport. The use of a mete- 
orological mesoscale model (MM5) helps us tackling the question of diabatic 
erosion as a possible transfer mechanism. This turns out to take place mostly 
on the eastern flank of the cut-off low. Ozone filaments are also observed and 
the model ability to account for the measured ozone structures is also investi- 
gated. Specifically, the question of the best corresponding modelled quantity is 
raised. Potential vorticity is not the only useful one: more attention should be 
paid to the dry layers generated by the model. 

Chemical impact On the troposphere of tropopause fold events dur- 
ing TOASTE campaigns. 

P.H Plantevin. D.E. Shallcross, K.S. Law and J.A. Pyle 
Atmospheric department, University of Cambridge 
paul@atm.ch.cam.ac.uk/Fax:+44-1223-336362 

Tropospheric ozone is an important greenhouse gas and atmospheric oxidant, 
playing a key role in the composition of the troposphere. There are two prima- 
ry sources of tropospheric ozone: downward flux of ozone from the strato- 
sphere into the troposphere, and the photo-oxidation of ozone precursors from 
anthropogenic and natural sources. 
We have developed a tropospheric chemical transport model, TOMCAT, with 
meteorology forced by ECMWF analyses. The model contains a detailed de- 
scription of tropospheric chemistry. Stratosphere-troposphere exchange 
(STE) events in March 1995 and June 1996 have been studied during the 
TOASTE-B and C (Transport of Ozone And Stratospheric Tropospheric Ex- 
change ) campaigns. We compare these observations with TOMCAT. 
The importance of STE on the tropospheric distribution of chemical trace spe- 
cies is discussed. 

MIXING BETWEEN STRATOSPHERE AND TROPOSPHERE 
STUDIED WITH NCAR/CCM3 

F. Sassi. R.R. Garcia, B.A. Boville 
National Center for Atmospheric Research, Boulder, CO, USA 
sassi 9ncar.ucar.edu/Fax:+(303)-497-1400 

We have used the winds and thermal structure obtained from a simula- 
tion with NCAR/CCM3 General Circulation Model to advect parcels in an 
isentropic offline model. A number of calculation have been performed with 
parcels initialized on different 6 surfaces, from 330 K to 400 K. This range of 
0's spans the lower-most stratosphere. Using isentropic potential vorticity, we 
have been able to distinguish air of tropospheric nature from stratospheric air. 
Parcel calculations were performed in different seasons to study the variability 
of mixing. Calculations in which the parcels were initialized on 6 surfaces 
intersecting a large part of the tropical troposphere have shown that, in the 
presence of synoptic disturbances at mid-latitudes, mixing is an efficient process 
that produces substantial lateral exchangr of air masses. At higher latitudes, 
sinking is a more prominent feature. In order to provide a quantitative estimate 
of the mixing, we have calculated horizontal diffusion coefficients from the 
dispersion of air parcels about their "center of mass". 
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A CASE STUDY TO IDENTIFY LAYERS WITH LAMINAR OR TURBULENT 
FLOWS USING ST RADAR AND RADIOSONDE OBSERVATIONS AND 
TRAJECTORY CALCULATIONS 

K. Schurz-Schoellhammer (1), C. Marquardt (2), W. Singer (1), and P. Hoffmann (1) 
(1) Institut filer Atmosphaerenphysik an der Universitaet Rostock, Schloss-Str. 6, D- 
18225 Kuehlungsborn, Germany,(2) Meteorologisches Institut der Freien 
Universitaet Berlin, Carl-Heinrich-Becker-Weg 6-10, D-12165 Berlin 

Continuous tropo/stratospheric investigations of the polar atmosphere have been 
carried out with the ALOMAR SOUSY radar (53.5 MHz) in Andenes, Norway (69° 
N, 16° E) during the winters 1995/96/97. The radar measures wind and static 
stability (or power) profiles, and are used together with high-resolved radiosonde 
soundings to track the evolution of these parameters as air masses with low or high 
PV crosses the site. Trajectory calculations provide information on the origin of the 
layers derived from radar and radiosonde signatures. 
In addition, the wind profiles obtained by radar and radiosonde can be used to 
identify gravity waves, and their potential contribution to lamina formation will be 
evaluated. 

INVESTIGATING TRANSPORT ACROSS THE TROPOPAUSE. 

Emily Shuckburgh 
DAMTP, University of Cambridge, UK. 
efs20edamtp.cain.ac.uk/Fax: [+44] 1223-337918 

Observations of chemical tracer show a sharp contrast across the tropopause. It 
therefore appears that the tropopause may act as a barrier separating two well 
mixed regions, analogous to the polar vortex edge in the lower stratosphere. 
Isentropic advection studies are used to investigate this barrier and to quantify 
its leakiness. 
Particle and contour advection studies have often been used to quantify trans- 
port via stretching rates. However, the results of these diagnostics have been 
somewhat ambiguous in the case of the tropopause. It is argued that problems 
arise because the tropopause is a highly asymmetric and leaky barrier. An al- 
ternative diagnostic has been used to overcome these difficulties by calculating 
an effective diffusivity as a function of an equivalent latitude coordinate de- 
fined in terms of the area within tracer contours, following Nakamura (1996: 
J. Atmos. Sei., 53, 1524). Observed velocities from isentropic surfaces inter- 
secting the tropopause are used to advect tracer and the effective diffusivity is 
calculated as a diagnostic from the tracer field. A clear minimum in effective 
diffusivity is seen and it is proposed this should be identified as the tropopause. 
The relation between this and more conventional definitions of the tropopause, 
e.g. defined in terms of particular values of potential vorticity, is discussed. 

OBSERVATIONS OF THE TROPOPAUSE REGION ABOVE 
ANDENES DURING THE BREAK UP OF THE POLAR VORTEX 
IN MARCH 1995 WITH THE ALOMAR SOUSY RADAR 

W. Singer (1). P. Hoffinann (1), D. Keuer (1), and P. Czechowsky (2) 
(1) Institute of Atmospheric Physics at the Rostock University, 
Schloss-Str. 6, D-18225 Kühlungsbom, Germany, 
(2) Max-Planck-Institute of Aeronomy, D-37189 Katlenburg-Lindau, 
Germany 

The ALOMAR SOUSY radar, operating on 53.5 MHz at Andenes 
(69.3°N, 16.0°E), has performed continuous tropo/stratospheric 
observations from January through March 1995 using the Doppler 
beam swinging (DBS) technique. The radar measures wind and 
reflectivity profiles with 300 m range resolution and 5 min time 
resolution, in addition, a radar tropopause height and vertical 
momentum fluxes are derived. The variability of the tropopause region 
was investigated in detail during the break up of the polar vortex in 
March 1995. During the passage of an anticyclone south of Andenes 
the radar observes strongly enhanced zonal and meridional wind 
velocities at tropopause heights between 10 and 11 km. The passage of 
the jet is connected with enhanced wave activity above the tropopause 
as indicated by vertical momentum fluxes. On the following days a 
decrease of the tropopause height by about 3 km was detected and 
wave activity was not present. The estimated radar tropopause height 
is in good agreement with balloon soundings. 

OZONE-RICH TRANSIENTS  IN THE UPPER EQUATORIAL 
ATLANTIC TROPOSPHERE 

K. Suhre (1), J.-P. Cammas (1), P. Nedelec (1), R. Rosset (1), A. Marenco (1) 
and H. G. J. Smit (2) 
(1) Laboratoire d'Aerologie (UMR CNRS/ÜPS 5560), 14, Ave. E. Belin, F- 
31400 Toulouse, (2) Research Centre Jiilich, ICG-2, D-52425 Jülich. 

High concentrations of ozone are found in the Earth's stratosphere, but strong 
stratification suppresses efficient exchange of this ozone-rich air with the un- 
derlying troposphere. Upward transport of tropospheric trace constituents oc- 
curs mainly through equatorial deep convective systems. In contrast, significant 
downward transport of ozone-rich stratospheric air is thought to take place only 
outside the tropics by exchange processes in upper-level fronts. Ozone within 
the tropical troposphere is assumed to originate predominantly from ground- 
based emissions of ozone precursors rather than from a stratospheric source. 
Recent measurements of ozone in the upper troposphere in convective regions 
over the Pacific Ocean indeed reveal near-zero concentrations. Here we present 
sharply contrasting observations: ozone-rich (100-500 parts per billion by vol- 
ume) transients were frequently encountered by specially equipped commercial 
Airbus 340 aircraft (MOZAIC project) at a cruising altitude of 10-12km in the 
vicinity of strong convective activity over the equatorial Atlantic Ocean. This 
strongly suggests that the input of stratospheric ozone into the troposphere 
can take place in the tropics. We suggest that this transport occurs either by 
direct downward movement of air masses or by quasi-isentropic transport from 
the extratropical stratosphere. 

THE RESIDUAL MEAN MERIDIONAL CIRCULATION IN THE 
LOWER STRATOSPHERE, DIAGNOSED FROM 15 YEARS OF 
ECMWF-REANALYSIS DATA 

Peter Siegmund. Peter van Vehhoven and Hennie Kelder 
Royal Netherlands Meteorological Institute, De Bilt, The Netherlands 
siegmund@knmi.nl 

In the lower stratosphere the mean trajectories of air parcels form one 
meridional cell in each hemisphere, with upward motion in the tropics, 
poleward flow at middle latitudes and downward motion into the tropo- 
sphere at higher latitudes. This Lagrangian-mean circulation can be 
approximated by the transformed Eulerian mean (TEM) circulation, which 
is the Eulerian mean circulation in which the part forced by eddy heat 
transport is removed. 

The TEM circulation can be obtained from meteorological analyses 
as produced by numerical weather prediction (NMP) models. The 
required circulation data, particularly the vertical velocity, are. however, 
sensitive to the formulation of the model. Therefore, the TEM circulation 
diagnosed for a period of several years might show spurious jumps due to 
changes in the model during that period. This problem, however, can be 
overcome by. using reanalysed data that for the whole period are produced 
by one (state-of-the-anTversion of the NMP-model. 

In this study the TEM circulation in the lower stratosphere is diag- 
nosed from 15 years (1979-1993) of ECMWF-reanalysis data. Results 
will be presented for the height and latitudinal dependence of the circula- 
tion, as well as for its seasonal and interannual variability. 

STRATOSPHERE-TROPOSPHERE EXCHANGE IN A STRATOS- 
PHERIC INTRUSION 

A. Tafferner 
(1) Institut für Physik der Atmosphäre, DLR, Oberpfaffenhofen 
arnold.tafferner@dlr.de 

The so-called "advection method" for calculating stratosphere-tropo- 
sphere exchange (STE) has been refined in order to be able to calculate 
mass exchange also in the case of a multi-folded tropopause. STE was 
calculated from a numerical simulation of the heavy precipitation 
event which occurred from 5 to 7 November 1994 in the southern Alps. It 
was instigated by a pronounced stratospheric intrusion. The 
investigation aimed at isolating the contribution of each diabatic and 
turbulent process on the mass exchange at the tropopause. For this, the 
tendencies of momentum and temperature due to the various physical 
processes were stored together with normal output during the model 
run. The full 3-dimensional potential vorticity tendency equation 
could then be solved and the mass exchange at the PV-defined 
tropopause calculated. Results show the dominant role of horizontal 
diffusion of momentum and temperature for STE which is much larger 
than the contribution of vertical mixing. Other processes like moisture 
physics and radiation vary strongly through the life cycle of the 
stratospheric intrusion. The results highlight the strong dependence of 
STE on the representation of physical processes in a mesoscale model. 
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STRATOSPHERIC-TROPOSPHERIC-EXCHANGE: 
A PINATUBO CASE STUDY 

C. Timmreck 
Max-Planck-Institut für Meteorologie, Hamburg, D-20146 Germany. 
tinnreckOdkrz.de 

Stratospheric-tropospheric exchange (STE) processes are one of the major 
problems of the 3d transport simulations with general circulation models. The 
simulation of the STE in the tropical lower stratosphere is especially crucial. 
The volcanic eruption of Mt. Pinatubo, in June 1991, had not only significant 
impact on stratospheric and tropospheric climate and circulation, it is also a 
natural phenomenon which enables us to better understand STE processes, 
especially in the tropical region. For the Pinatubo period (1991 -1993) a large 
amount of observations exist, which offer a unique opportunity to verify and 
to test the representation of the STE and the 3d transport in a global model. 
In using different versions of the Hamburg climate model ECHAM4: 
ECHAM4.L19, ECHAM4X39(DLR), MA/ECHAM4 (L39,L69). we performed 
a set of Pinatubo simulations with prognostic aerosol. Here we present results 
of these different numerical experiments for the years 1991 and 1992 and com- 
parisons with satellite data and in situ measurements at different stations. It 
will be shown that both a fine model resolution jn the tropopause region and a 
high top of the model atmosphere are necessary to adequately represent the ob- 
served transport characteristics of a major volcanic eruption. The importance 
of an interactive treatment of the volcanic cloud will also be evidenced. 

DIAGNOSING EXTRATROPICAL STRATOSPHERE-TROPO- 
SPHERE EXCHANGE: A CASE STUDY 

V. Wirth and J. Egger 
Meteorologisches Institut, Universität München, Theresienstraße 37, 80333 
München, Germany. 
volkmarOneteo.physik.uni-nuenchen.de /Fax: 4-49-89-2805508 

The chemistry and the distribution of trace gases in the lowermost strato- 
sphere cannot be understood without a quantitative knowledge of the synoptic 
(and smaller) scale transport between stratosphere and troposphere. In this 
paper several different methods to diagnose the synoptic-scale stratosphere- 
troposphere exchange are applied and compared to each other in the frame- 
work of a case study. A case with strong convective heating in a decaying 
cut-off cyclone is selected. A consistent data set is obtained through a special 
ECMWF-model run with standard resolution, but enhanced output storage. 
Despite the strength of the cross-tropopause mass exchange during the episode 
the different diagnostic methods yield quite different results. In particular some 
of the more popular methods based on Wei's (1987) formula have to be treated 
with care. Intercomparison of the different methods helps to understand some 
of the problems. 

SEASONAL VARIATION OF STIRRING AND MIXING IN THE 
LOWER STRATOSPHERE 

D. W. Waugh 
Department of Earth and Planetary Sciences, Johns Hopkins Universitv, Bal- 
timore, MD 21218, USA.. 
uaughOvortex. shn. monash. edu. au 

Mixing processes in the lower stratosphere are examined using trajectory cal- 
culations, in-situ trace gas observations, and a simple strain-diffusion model. 
The quasi-horizontal stirring and generation of filamentary structures by the 
large-scale flow is examined by performing trajectory calculations driven by 
analysed winds. These calculations are used to calculate the rate of reduction 
in scale, and orientation, of filamentary structures. High-resolution trace gas 
measurements from the series of NASA ER-2 aircraft campaigns (which span 
the different seasons) enable the fine-scale structure of filaments to be exam- 
ined. Also, tracer-tracer scatter plots can be used to identify partially mixed 
filaments. The trajectory calculations and aircraft observations are used to- 
gether with a 1-D strain diffusion model to quantify the mixing of filaments; in 
particular, the effective diffusivities and "mix-down" time of the filaments are 
estimated. Calculations during winter/spring indicate that the time scale for 
horizontal scales of 1000 km to be reduced to mixing scales is around 10 to 15 
days, and that complete mixing occurs within a month. However, preliminary 
analysis of summer conditions suggest that there is much weaker stirring and 
mixing, and that the mix-down time of filaments is longer than 2 months. 

CASE STUDY OF STRATOSPHERE TROPOSPHERE 
EXCHANGE USING VHF WIND PROFILER, OZONESONDE, 
RADIOSONDE AND E.C.M.W.F. DATA. 

R.M. Worthington and G. Vaughan (Department of Physics, University of 
Wales. Aberystwyth, Dyfed. SY23 3BZ, U.K.) 

Recent results, including some from European campaigns CWINDE 
(COST Wind Initiative for Network Demonstration in Europe) and 
FASTEX (Fronts and Atlantic Storm Tracks Experiment), are used to 
examine a stratosphere-troposphere exchange event on 8-9 March 1997. 
where ozonesonde and radiosonde data indicate an intrusion of dry, 
stable, ozone-rich air as low as 3 km altitude above Aberystwyth. Data 
from the VHF radar at Aberystwyth are employed, with the dependence 
of radar echo power on humidity investigated statistically using output 
from January-March 1997. VHF echo power is found to be reduced for 
both dry and saturated air; nevertheless, layers in the echo power 
structure associated with dry stable air can be tracked. ECMWF analyses 
of trajectories and potential vorticity fields will also be presented. 

EVALUATION OF THE SEASONAL CYCLE OF WATER VAPOR 
IN THE STRATOSPHERE DERIVED FROM MONTHLY AVER- 
AGE TROPICAL TROPOPAUSE TEMPERATURES USING A 
CO PHOTOCHEMICAL CLOCK 

E.M. Weinstock1, E.J. Hintsa1, J.G. Anderson', K.A.Boering2, B.C.Daube2, 
S.C.Wofsy2, R.L. Herman3, R.D. May3 and C.R. Webster3 

'Dept of Chemistry and Chemical Biology, Harvard University, 2Dept of Earth 
and Planetary Sciences, Harvard University. 3JPL, Pasadena. 
weinstock Ohuarp.harvard.edu/Fax: [+1] 617-495-4902 

In situ measurements taken on the NASA ER-2 aircraft during the STRAT 
campaign during 1995 and 1996 included a series of dives in the tropical lower 
stratosphere. With a simple photochemical model, observed CO profiles pro- 
vide a measure of the photochemical age of the air in the stratosphere. Using 
this age as the transit time of the airmass from the tropical tropopause to its 
measured altitude, we compare measured C02 and water vapor mixing ratios 
with entry-level mixing ratios corresponding to the date the air mass crossed 
the tropical tropopause. These comparisons demonstrate that water vapor sat- 
uration mixing ratios derived from monthly-averaged radiosonde temperatures 
at the tropopause between 10S and 10X represent the boundary condition for. 
water vapor reasonably well. We also demonstrate that most of the disagree- 
ment between boundary condition mixing ratios and measured values is a result 
of the mixing of midlatitude air. Ascent velocities in the tropical lower strato- 
sphere determined from plots of photochemical age vs. potential temperature 
will also be presented. 

AIRBORNE C02. CH4. 03. AND SF6 MEASUREMENTS TO 
STUDY TRACER TRANSPORT AROUND THE TROPOPAUSE 

A.Zahn and U.Platt 
University of Heidelberg, Institut fr Umweltphvsik. INF 3(36. D-69120 Heidel- 
berg. F.R.G. 

Whole air samples to measure the mixing ratios of carbon dioxide, methane, 
ozone, and sulfur hexafluoride were collected around the mid- and high-latitude 
northern tropopause in the winter months (December to April) 1993/94 and 
1994/95. The samples originate to the same part from the upper troposphere, 
mainly from the 400hPa pressure level, and from the lowermost stratosphere 
up to altitudes of 12 km. By evaluating potential temperatures of the examined 
air parcels and derived trace gas - trace gas correlations, three types of tropo- 
spheric air masses could be distinguished: mid-latitude, polar, and arctic air. 
As confirmed by isentropic back trajectory calculations, the mid-latitude upper 
troposphere was frequently suffered by polluted air from the low troposphere 
resulting in a positive correlation of CH4. SF6. and O3. In contrast, in the 
high-latitude upper troposphere as well as in the lowermost stratosphere, first, 
the encountered air masses were better mixed, and second, both CH4 and SF.; 
were negatively correlated with O3. Furthermore, caused by the actual strong 
SFs growth rate of nearly '% per year, the age of the observed air masses since 
their entry into the stratosphere could be inferred. This' SF^-age was surpris- 
ingly high, e.g. around two years in an altitude of 11.5km and thus just 3km 
above the local dynamical tropopause. 
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A SUMMER STRATOSPHERIC INTRUSION EVENT AT JUNGFRAUJOCH 
(3,580 M ASL) IN SWITZERLAND 

P, Zanis. E. Schuepbach (Physical Geography, CABO, Univ. of Berne, Switzerland) 
H.W. Gäggeler, S. Hübener (Labor  für Radio- und Umweltchemie, Univ. of Beme, 
Switzerland) 
A Stohl (Lehrstuhl für Bioklimatologie und Immissionsforschung, Univ. of Munich. 
Germany) 

Very high 'Be activity concentrations (>11 mBq/m' at STP) were recorded at 
Jungfraujoch in the Swiss Alps from 16 to 23 July 1996. In addition, half-hourly ozone 
concentrations exceeded 80 ppbv on 19 and 20 July 1996. The synoptic pattern at the 
500 hPa level revealed an eastward-moving upper trough-ridge system over North 
Atlantic and Scandinavia. Vertical SW-NE cross-sections of isentropes indicated a low 
tropopausc over Scandinavia on 17 July. Time-heighl plots of temperature, potential 
temperature, y-axis (north-south) kinetic energy, specific humidity and ozone from the 
aerological soundings at Payerne all suggested that the high Be and ozone levels were 
associated with a stratospheric intrusion event above the northern Atlantic-Scandinavia 
region, followed by anticyclonic subsidence and strong adveclion to the Jungfraujoch. 
Ensembles of kinematic 3-D back-trajectories calculated from ECMWF analyses, 
arriving at Jungfraujoch on 19 and 20 July, were found to be consistent with the 
observations. Although, the original stratospheric intrusion occurred more than one 
thousand kilometres away from Jungfraujoch, it was. nevertheless, able to enhance both 
:Bc and ozone concentrations at the site. The study was carried out within the EU 
project "VOTALP" (Vertical Ozone Transport in the Alps). 

OA15 Clouds and their impact on radiation and 
photo-chemical processes 

Convener: Raschke, E. 

01 Remote sensing of clouds and aerosols 

Convener: Raschke, E. 

INVESTIGATION OF THE ERROR IN DERIVED MEAN CLOUD 
COVER FOR A PROPOSED SPACE-BORNE CLOUD RADAR 

(ESSC. University of Reading, Berks, RG6 6AL, UK) 
iva@mail.nerc-essc.ac.uk 

Both NASA and ESA propose a space-bome cloud radar, in sun-synchronous orbit, 
to provide both a cloud climatology and a study of cloud processes. One product 
from the mission will be 3D monthly mean cloud cover over a global grid. However, 
this will be only an estimate of the true mean due to the incomplete space-time 
sampling of the averaging boxes. A srudy is conducted into this sampling error. It is 
found using simulated overflights of the ISCCP cloud dataset that this error is 
independent of equator crossing time, repeat period and month studied and varies 
little with increasing swath width. The ISCCP dataset has a very coarse space-time 
resolution and as a result overflight simulations of GMS data for a set of 15 regions 
were also conducted. This was found to give an error smaller than that derived from 
the ISCCP dataset being less than 10% for means over 250km boxes irrespective of 
orbit and swath width. In both of the above studies the estimates in the error was that 
in 2D cloud cover. The GMS data was also used to investigate errors in derived 3D 
cloud cover by associating a height with the cloud top temperature and by making 
various assumption about cloud overlap in layers obscured by those above. It was 
again found that the error in 3D cloud cover was less than 10% irrespective of the 
overlap. These studies assume perfect retrieval at points observed by the radar 
whereas it is possible that the radar may not detect all crouds. This could lead to 
biases in estimates of instantaneous-cloud cover that are larger than the sampling 
error if the cloud radar data is integrated for a long time to improve cloud detection. 
However, simulations using reflectivities drawn at random from EUCREX data 
found that this bias could be removed if a minimum detection threshold is used. This 
threshold is independent of cloud cover. 

HORIZONTAL INHOMOGENEITIES IN CLOUDS AND THEIR EFFECT 
OF REMOTE PARTICLE MEASUREMENTS 

F. Albers, E. Raschke, A. Reuter, U. Maixner, L. Levkov, I. Sednev 
GKSS Research Center, Institute for Atmospheric Physics 
D-21502 Geesthacht Germany 

Major cloud fields are horizontally inhomogeneous even on spatial scales which are 
compatible with the resolution of current satellite imaging systems. Thus estimates 
of particle sizes as obtained from multispectral satellite-borne imaging data are 
biased by such inhomogeneities whose origin are mostly iinternal convections but 
also travelling waves. 
This paper presents the evidence of inhomogeneities onthe basis of airborne particle 
measurements inside of cirrus and of stratus fields and also by numerical 
simulations with a nonstationary mesoscale atmospheric circulation model. The 
latter determines for each grid area and time step the particle spectrum inside of 
clouds simulating most known microphysical processes. Estimates of the affect of 
such horizontal inhomogeneities on satellitebome retrievals are given. 

CLEAR AND CLOUDY SKY CASE STUDIES OF 04 AND OXY- 
GEN A-BAND ABSORPTIONS AS SEEN BY GOME. 

H. Bosch, O. Funk, T. Wagner, U. Platt and K. Pfeilsticker 
Institut für Umweltphysik, University of Heidelberg, INF 366, 69120 Heidel- 
berg, Germany. 
hboesch«ix.urz.uni-heidelberg.de/Fax: [+49] 6221-54-6405 

Using the DOAS-technique (Differential Optical Absorption Spectrometry), the 
O4 and 02 A-Band absorption as detected by GOME were investigated for 
different clear and cloudy sky conditions. The retrieved total amounts of 02 

and O4 were used to derive an apparent cloud top height and the additional 
geometrical pathlength caused by Mie scattering inside the cloud and multiple 
scattering between patches of clouds. 
The derived cloud top heights for GOME observations over the Rhein/Main 
area (Germany) are compared with the meteorological reports provided by the 
DWD (Deutscher Wetterdienst) and the DFS (Deutsche FlugSicherung GmbH, 
from aircrafts commuting with the Frankfurt airport). These findings will be 
presented. 
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IMPROVED CORRECTION" OF THE VISIBLE CHANNEL FOR 
SATELLITE BASED CLOUD CLASSIFICATION 

A. Brisson (2), M. Diöszeehv (1), P. LeBorgne (2), A. Marsouin (2), M. Putsay (1) 
(1) SRL, Hungarian Meteorological Service (2) CMS, Meteo-France 
dioszeghy@met.hu/Fax:+36-l-290-7387 

The visible channel is important in separating clear sky and cloudy pixels and 
evaluating cloud thickness. But for different illumination conditions the reflectance 
of the surfaces (land, sea, clouds) can vary therefore it is difficult to compare 
consecutive images or different areas of the same image The usual homogenisation 
procedure (dividing the reflectances by the cosine of the solar zenith angle and 
normalising to a constant angle) overestimates the reflectances for high solar zenith 
angles due to anisotropy effects. We used the Modtran3.5 radiative transfer model 
for simulating reflectances for cases representing all the illumination conditions 
(considering satellite zenith angle and relative azimuth angle as well) detailed 
enough for a further linear interpolation. We used different built in cloud models of 
Modtran. After the simulations we integrated the radiances with filter functions of 
different satellite detectors. The validation was made with NOAA 12, Meteosat and 
ERB measurements. We had some difficulties for a limited range of the 
illumination conditions (forward scattering close to the sunglint ease) which might 
be neglected for the Meteosat B format but will become important for further GOES 
and NOAA applications. We produced correction tables from the simulations by 
linear interpolation which can be used directly to measured radiances. At the 
moment we use this correction method for the preoperational cloud classification of 
Meteosat images which was the principal aim of the study. 

ESTIMATION OF CIRRUS AND MULTY-LAYER CLOUD PARAMETERS 
FROM MULTJSPECTRAL MEASUREMENTS IN THE NEAR-INFRARED 

C. Costanzo and S. Bakan 
MPI für Meteorologie, Hamburg, costanzo@dkrz.de/Fax: +49-40-41173-391 

Spectral measurements in the near-infrared region can be used to infer cloud optical 
depths T and effective particle sizes rerj. In this study measurements with the spectrom- 
eter OVID from four flight missions above ice cloud fields during EUCREX'94 were an- 
alyzed and compared to simulations. Optical characteristics of ice crystals have been 
calculated with a ray tracing model for a huge number of different particle shapes and 
sizes. Without information from a second viewing angle a particle shape has to be as- 
sumed, based on plausible reasoning. Assuming such a particle shape two window 
channels with different ice absorption are sufficient to determine rerf and t. An excel- 
lent correspondence is found in comparison with the results derived from independent 
remote sensing instruments, as well as from in-situ measurements. 

Multiple cloud layers were observed commonly troughout much of the cirrus missions 
of EUCREX 94. The measured spectral features can be well described by simulations 
of a water cloud layer below an ice cloud layer with a plausible choice of arguments. 
To get an operational algorithm for determination of cloud parameters from individual 
layers, additional informations about the spatial evolution of spectral characteristics 
can be used, which are different for both cloud layers. During the EGS meeting poten- 
tials and limits of such a procedure, as well as the profit of additional synergetic infor- 
mation from active instruments shall be discussed. 

DETERMINATION OF THE SHORTWAVE ANISOTROPIC 
FUNCTION FOR CLEAR-SKY DESERT SCENES FROM SCARAB 
DATA. COMPARISON WITH MODELS ISSUED FROM OTHER 
SATELLITE DATA 

Michel Capdemn 
Laboratoire de Meteorologie Dynamique du CN.R.S., 
Ecole Polytechnique. F-91128 - Palaiseau. France. 
capderou@lmd.polytechnique.fr 

Determination of directional albedo and bi-directional anisotropic function are 
necessary to the radiance-to-flux conversion. The most recent model, used for the 
Earth Radiation Budget Experiment (ERBE) data is based on data from the Sun- 
synchronous Nimbus-7 mission, observing close to local noon. Because the desert 
zones are restricted in latitude (20° to 35", in each hemisphere), only a small range of 
solar zenith angle was sampled. Here the author considers, for clear-sky desert 
regions, the improvements that can be made using non-Sun-synchronous satellite 
data, processing in local time. This study made from ScaRaB data (Scanner for 
Radiation Budget, on board the Meteor-3-07 satellite) concerns the clear-sky deserts. 
The four great deserts on the Earth (Sahara, Arabian Desert, Namib-Kalahari, 
Australian Desert) have been considered. A normalization method, here explained, 
makes it possible to combine the values of bi-directionel anisotropic reflectances of 
all study areas for each desert. Then only one characteristic function is obtained for 
each desert and it is shown how the characteristic function of Sahara may be extended 
to the other deserts. This study is concluded with a comparison of the albedo and 
anisotropic functions obtained from different models. 

REMOTE SENSING OF CLOUDS USING A GROUNDBASED 
MULTI-SENSOR SYSTEM 

S. Crewell, U. Löhnert, H. Mebold and C. Simmer 
Meteorological Institute, University of Bonn, Auf dem Hügel 20, D-53121 Bonn. 
acrewellOuni-bonn.de/Fax: [49] 228 735 188 

In order to investigate cloud related processes a groundbased system combining 
active and passive remote sensing instruments from different spectral ranges 
has been set up at the Meteorological Institute in Bonn. The sensor package 
consists of a Vaisala CT25K laser ceilometer, an Heitronics KT19.85 infrared 
radiometer, a X-Band Radar and a 4-channel microwave radiometer. Ceilometer 
and infrared radiometer are mounted as one unit on the institute roof and 
provide information on cloud base height and temperature. The radar located 
on the roof of a nearby building was currently modernized and can now be 
fully controlled by software to perform azimuth (PPI), elevation (RHI) and 
volume scans with typically 1 rpm. The measured radar reflectivities at 9.375 
GHz contain information on the precipitation as well as on cloud properties. 
The microwave radiometer measures the thermal emission of the atmosphere at 
4.9,10.7, 21 and 35 GHz suited for the detection of integrated water vapor and 
cloud liquid water. To focus on mesoscale processes the instruments were chosen 
to have narrow beamwidths (about 1° full width at half maximum) and short 
sampling times (about 1 s). A sophisticated scanning microwave radiometer 
with three frequency bands will be added in fall 1998. The sensor package and 
its extension will be described in detail and first coordinated measurements of 
clouds will be shown. 

VALIDATION    OF    SEMI-TRANSPARENT    CLOUD    POLDER 
PRODUCTS USING  LIDAR MEASUREMENTS 

Helene Chepfor (Institut Pierre Simon Laplace, LMD, Ecole Polylechnlquc 
91128 Palaiseau Codex, Trance) 
P.H Plamant, L. Sauvago, J. Pelon, P. Couverl, P. Chazolto, G. Se?e (IPS!) 
P. Gotoiib, G. Brognk» (LOA, France), 
J. Spinhlrno (Nasa'GSrC), M. Lavoralo (Argentina), S. Asano (MMI, Japan). 

Lkjar measurements collected simultaneously with ADEOS overpasses are 
used to validate POLDER semi-transparent cloud level 2 products: altitudo, 
optical depth, discrimination between liquid and Ice clouds. This validation is 
based on IkJar ground-based data collected In 5 different sties. 
The lldar moasuromonts allow to retrieve; 
• tho structural characteristics ol scattering layers (lo; cloud altitudo and 
geometrical thickness), 
• the backscattered profiles from which semi-transparent cirrus cloud optical 
depth can be derived, 
• the linear depolarization ratio linked to the cloud water phaso (ice or liquid). 
Preliminary results will bo prosontod. 

INVESTIGATIONS OF CLOUD LAYER BASE AND TOP 
HEIGHTS FROM 95 GHZ RADAR REFLECTIVITY DATA 

O.Danne. M.Quante, D.Milferstädt, E.Raschke, C.Weitkamp 
GKSS-Forschuneszentrum Geesthacht GmbH, D-21494 Geesthacht, Germany 
danne@gkss.de /Fax +49-4152-87-2020 

Cloud radars operating at millimeter wavelengths have proven to be invalua- 
ble for studying the vertical distribution i.e. of stratiform clouds. An improved 
knowledge of the occurrence of multiple cloud layers as well as of heights of 
their upper and lower boundaries is of essential importance for the determi- 
nation of radiative fluxes with a better accuracy. In this study, data obtained 
from measurements with the 95 GHz radar of GKSS Research Centre, Geest- 
hacht, is used to determine base and top heights of layers of different cloud 
types. However, an accurate retrieval of cloud boundaries by remote sensors is 
not trivial, e.g. simultaneous measurements of the radar and backscatter lidars 
often show significant differences in cloud base heights caused by precipitating 
particles falling out of the cloud and giving a significant contribution to the 
radar signal underneath the real cloud. Another feature frequently observed in 
height-time sections of the radar reflectivity is the signal attenuation by liquid 
water causing an underestimation of cloud top heights or a partial loss of secti- 
ons of upper layer clouds in the presence of liquid clouds and especially of rain 
underneath. Therefore, algorithms which have been developed to correct for the 
biases in cloud base estimation as well as for the attenuation effects will be de- 
scribed. These correction methods use the Doppler velocities measured by the 
radar as an indication for the presence of precipitation which is most responsi- 
ble for both error sources. Applied to long-term datasets, the implementation 
of these algorithms will ultimately lead to a more reliable statistics of typical 
cloud boundary heights necessary to improve radiative transfer calculations. 
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OFF-BEAM LIDAR:    AN EMMERGING TECHNIQUE IN CLOUD 
REMOTE-SENSING 

AJ2avjst R- Cahalan.s j. Spinhime,5 D. Winker,' S. Gersu\t md S. H. Melfi* 
ILraAlämos National Laboratory, Astrophysics & Radiation Measur^ents Group 
fNIS-2), P.O. Box 1663 (Mail Stop C-323), L« Alamo«, NWi «JS^USA 
«NASA's Goddard Space Hight Center (Code 913),Creenbelt, Md 20771, USA. 
»NASA's Langley Reaserch Center (Mail Stop 475), Hampton, Va 23681,ySA 
iUiTof Md. - Baltimore Co., Physics Dpt. & JCET, Baltimore, Md 21228, USA. 
E-mail: adavis@lanl.gov 

Traditional (on-beam) atmospheric lidar reveals little about boundary-layer clouds due 
to their extreme optical density compared to the "clear" atmosphere, including aerosol 
and even cirrus layers that are readily penetrated by the laser beam. On-beam returns 
of course enable the detection and ranging of a layer cloud (cielometry from below, 
cloud-top geometry from an airborne platform); with some effort, information^about 
the water phase can also be inferred. However, Bdar photons are not absorbed but 
scattered out of the beam; most of these escape the cloud through an extended diffuse 
pattern in reflection that evolves in time. For all practical purposes, this is the 
cloud's radiative Green function (rGf). We present compelling empirical and   . 
numerical evidence that establishes the following rGf properties for typical manne Sc 
(physical thickness A, - 300 m, optical depth t = 10-40, and Cl scattering): 
• lateral extension in r.m.s. diameter is 0.5-1.0 km, all times considered; 
• temporal rGf peaks beyond cloud thickness and has a tail extending beyond 2 km. 
Most importantly, rGf theory is analytically tractable within the photon-diffusion 
and homogeneous-cloud approximations (the latter can be relaxed to some extent). 
This tells us A-, X and, possibly, an internal variability parameter can be retrieved 
from Off-Beam Cloud Lidar returns from stratus decks at a single wavelength. (N.B. 
mm-radar, also quite new, is the only other viable remote-sensing technique for this 
task) We report on laboratory experiments and describe planned Held expenments. 

VALIDATION OF SATELLITE CLOUD PARAMETER RETRIEVAL 
METHODS WITH OBJECTIVE GROUND BASED MEASUREMENTS 

Arnout Feijt (KNMI, Wilhelminalaan 10,3730 AE De Bill, the Netherlands) 
Harry ten Brink (ECN, Petten, the Netherlands) 
Suzanne Jongen (Technical University Eindhoven, Eindhoven, the Netherlands) 
Andre van Lammeren (KNMI, Wilhelminalaan 10,3730 AE De Bill, the Netherlands) 

To understand and model the radiative transport in a cloudy atmosphere information 
on the cloud height and optical thickness is indispensable. Therefore retrieval 
techniques are developed for the AVHRR, ATSR and the future MSG and ERM. For 
validation objective physical measurements are necassary. At KNMI retrieval methods 
for cloud parameters from AVHRR and MSG observations are developed. Much effort 
is put in the difficult but crusial task of validation/The retrieval methods are validated 
with a two-year data set from the KNMI Cloud Detection System (CDS). The CDS, 
which combines satellite and ground based instruments, was designed to characterize 
cloud fields within a 130xl30km2 area. The ground network consists of 10 stations for 
remote sensing. Each station has a lidar ceilometer (height) and an IR-radiometer 
(temperature). Very detailed analysis is performed with observations from the 
CLARA-campaigns, when the following advanced instruments were added to the CDS: 
high power lidar, radar, microwave radiometer and an infrared-video- camera. 
Microphysical properties were measured from an aircraft. As a result the 
CLARA-dataset enables the study of synergy algorithms for the ESA Earth Radiation 
Mission. Some examples of actual measurements can be found on the CLARA-pages: 
'http://www.knmi.nl/CLARA' The presentation will show the use of the CDS- and 
CLARA-observations for validation of satellite cloud parameter retrieval methods. 

MICROSCALE INHOMOGENEITIES STUDY USING HIGH 
RESOLUTION POLAR NEPHELOMETER MEASUREMENTS 

C. Duroure, F. Auriol, O. Crepel and I.F. Gayet. L.a.M.P- CNRS, 
63177 AUBIERE Cedex, FRANCE. 

10 centimeters resolution measurements of the hydrometeor scattering function into 
an alto-cumulus cloud layer are presented. Comparisons of inhomogeneity properties 
are made with other microphysical measurements (using FSSP and 2D-C probes) 
and with visible radiance of AVHRR satellite image. A broad range of spatial scales 
is thus available to quantify spatial inhomogeneities of this cloud. The Fourier 
energy spectra, the probability density function of the length of cloud/non-cloud 
events and the fractal dimensions are estimated inside this spatial range. For these 
three independent quantifications of inhomogeneities, results indicate a scaling range 
of cloud distributions between 1 meter and at least 100 kilometers. The Fourier 
spectra have a power law behaviour with a slope of -1.55 +/- 0.05 significantly 
larger than the slope of dynamical or passive scalar spectra in a three dimensional 
turbulent field (-5/3). The probability density functions of cloud gap lengths are 
characterized by a power law decrease with a characteristic exponent nearly constant 
with the threshold chosen to define the cloud and clear air regions. The mass fractal 
dimension also indicates a small sensitivity to the cloud segmentation threshold, 
yielding to a quasi mono-fractality of this non precipitating cloud layer. Contranly 
to a multifractal behaviour, mono-fractality could considerably simplify the 
parametrisation of inhomogeneities because it reduces the number of pertinent 
parameters. Comparisons between observations and probabilistic models of cloud 
layers are discussed using these three quantifications of cloud inhomogeneities. 

COMPARISON OF MEASURED AND MODELED OXYGEN A- 
BAND HIGH RESOLUTION ABSORPTION SPECTRA AS A 
TEST FOR RT-CALCULATIONS. 

O. Funk, H. Veitel, U. Platt and K. Pfeilsticker 
Institut für Umweltphysik, University of Heidelberg, INF 366, 69120 Heidel- 
berg, Germany. 
ofunkCix.urz.uni-heiaelberg.de/Fax: [+49] 6221-54-6405 

Using high resolution spectroscopy of the atmospheric oxygen A-band rota- 
tional absorption lines, the probability density function of geometrical photon 
pathlengths (PDF-GP) were measured under clear and cloudy sky conditions. A 
large enhancement of the mean geometrical pathlength and a significant change 
in the shape of the PDF-GP is found for under cloudy sky conditions. Our ob- 
servations are consistent with Gamma type distributions. For several cases of 
cloudiness the measurements are compared with a radiative transfer model in 
order to validate the treatment of the multiple Mie-scattering in clouds. Our 
measurements show a significant discrepancy compared to a model (DISORT) 
assuming plane parallel Homogenous cloudiness. In order to understand this 
discrepancy the statistics of the photon diffusion through clouds as incorpo- 
rated in the model is investigated in more detail. A Monte Carlo model is used 
to study the effect of 3D inhomogenities. 

HETEROGENEITY EFFECT ON MICROPHYSICALS RETRIEVAL 
PARAMETERS BY SATELLITE AT DIFFERENT SCALE. 

T. Faure(l). B. Guillemet(l), H. Isaka(l), L. Eymard(2) 
(1) LaMP, Universite Blaise-Pascal, 24 avenue des Landais, 63177 Aubiere Cedex, 
France 
(2) CETP/IPSL/CNRS Universite St Quentin-Versailles 10-12 Avenue de l'Europe 
78140 Velizy 

Satellite cloud cover and cloud properties determination, using the 
Independant Pixel Approximation (Cahalan, 1994 et al.;...), are very affected 
by cloud heterogeneity at different scale and especially at subpixel scale. In 
the purpose to compare retrieval parameters with radiometers of various 
pixels sizes we investigate how the area-averaged microphysicals retrieval 
parameters can be affected by cloud inhomogeneity and what is the effect of 
the observation size. This study has been achieved for one part using AVHRR 
data during the SEMAPHORE experiment to obtain spatial expansion 
between 3 to 10 km. Retrieval optical tickness and effective radius can be 
express as a function of cloud heterogeneity parameter. In a second part a 3D 
radiative transfer model, such as Monte Carlo, is used to model 
inhomogeneous cloud which are generated with different stochastic cloud 
models to study effects of cloud subpixel fractional cover on retrieval 

parameters. 

GROUND BASED PASSIVE REMOTE SENSING OF ICE CLOUDS WITH 
SCATTERED SOLAR RADIATION IN THE NEAR INFRARED 

M. Betancor Gothe, M. Dreyer, S. Bakan, C. Costanzo, MPI f. Meteorol., Hamburg 

the feasibility of ground based passive remote sensing in the near infrared for the 
estimation of optical properties of thin ice clouds was examined and confirmed. The 
radiative transfer through ice clouds was simulated as a function of crystal size, crystal 
shape and optical depth under the assumption of single scattering. A method is derived 
to estimate the effective radius for optically thin ice clouds from radiances at 1046 and 
1550 nm. The results are not dramatically different if one assumes hexagonal crystals 
or surface equivalent spheres. The estimation of the ice cloud optical depth depends 
however strongly on particle shape, leading to a less reliable estimate. 

Ground based spectral measurements of scattered near infrared solar radiation have 
been used to verify and to apply the derivation technique. The evaluation of 
measure-ments for different ice cloud types and contrails yields mostly particle sizes 
between 30 and 200 5m. Occasionally they are as small as 1.6 5m or as large as 600 
5m. The known increase of particle size with cloud base temperature was confirmed. 
Contrails prove to contain small crystal sizes that increase with age to the values found 
in the surrounding cirrus clouds. A systematic size reduction in contrail clouds older 
than 30 minutes is indicated but cannot be conclusively proven by the present data. 
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ON THE DEVIATION OF THE BIDIRECTIONAL REFLECTANCE 
OF INHOMOGENEOUS CLOUDS FROM THE PLANE PARALLEL 
MODEL 

D- Jolivet. F. Parol and J.-C. Buriez (LOA) 
Laboratoire d'Optique Atmosphenque, Lille, France 
jolivet@loa.univ-lillel.fr/Fax : 33- 3 20 43 43 42 

Clouds are currently treated as homogeneous plane-parallel layers in the derivation of . 
cloud properties from satellite radiances. However, cloud inhomogeneities are known 
to influence the radiation field anisotropy. Monte Carlo simulations of cloud 
bidirectional reflectance were performed using two-dimensional (x and y) fractal 
distributions of the optical thickness. These distributions were generated with a 
bounded cascade model with appropriate parameters for overcast, broken and scattered 
clouds. For simplicity, the cloud droplet size distribution is assumed to be constant • 
within the clouds. The cloud optical thickness is related to the square of the 
geometrical thickness according to the adiabatic approximation. When comparing 
with plane-parallel cloud simulations, biases on the inferred albedo and the inferred 
optical thickness vary with the viewing angle. In a lot of cases, they are more than 
50% in particular viewing directions. Due to measurement noise and uncertainty on 
the microphysics that also affect the anisotropy of the radiation field, only 
morphology effects are expected to be easily detected from multidirectional 
observations such as those performed from the POLDER radiometer on board the 
ADEOS platform. 

SINGLE-COLUMN MODELS, ARM OBSERVATIONS, AND GCM 
CLOUD-RADIATION SCHEMES 

Richard C. J. Somerville, Scripps Institution of Oceanography, University of 
California, San Diego, La Jolla, CA 92093-0224, USA, rsomerville@ucsd.edu 

Today, the global-climate model (GCM) provides our best look at the climate of the 
future. However, the simulated future climate will be realistic only if the GCM 
adequately captures the essential physics of the climate system. Among the most 
serious sources of uncertainty in GCMs today is the treatment of clouds and 
cloud-radiation interactions, especially in their regional aspects. Cloud 
parameterizations need to be tested thoroughly against observations, using both in situ 
and remote sensing technology. Until recently, we have had far too many 
parameterizations and far too few observational data with which to test them. Now that 
situation is improving rapidly. Among the best sources of useful observations is the 
Atmospheric Radiation Measurement (ARM) program of the U. S. Department of 
Energy. Other field programs have also made important contributions as well. My 
collaborators and I have used single-column diagnostic models to make the link 
between observations and parameterizations, which we then test in GCM experiments. 
We find that schemes with explicit cloud water budgets and interactive radiative 
properties are potentially capable of matching observational data closely. 

A MULTIDIMENSIONAL HISTOGRAM METHOD TO 
ANALYZE AVHRR DATA 

Olavi Kärner 
Tartu Observatory, ESTONIA 
olavi@aai.ee / Fax: 372-7410205 

Histogram method is based on the idea that a histogram of the 
pixels in an area will show clusters of pixels that represent cloud or 
surface types. Assuming that the clusters have normal distribution 
an initial histogram can be treated as a mixture of normal com- 
ponents. A scheme to separate the components and estimate their 
parameters (mean, variance and weight in the mixture) in multidi- 
mensional case will be presented. The scheme enables one to utilize 
several auxiliary variables (such as CH2/CH1, CH4-CH5, CH3-CH4 
based on the AVHRR measurements) to ease distinguishing clusters 
of different cloud and surface types. Examples of the separation in 
case of 3 and 4-dimensional histograms will be presented. 

CLOUD DETECTION IN THE UPPER TROPOSPHERE AND 
LOWER STRATOSPHERE BY CRISTA 1/2 

R. Spang, P. Preusse, A. Franzen, K.U. Grossmann and D. Offermann 
Physik Department of Wuppertal, Gauss-Strasse 20, 42097 Wuppertal. 
spangCwpos2.physik.uni-wupp8rtal.de/Fax: [49] 202 439 2680 

The CRyogenic IR Spectrometers and Telescopes for the Atmosphere in- 
strument (CRISTA) was flown in November 1994 and August 1997 during 
the space shuttle missions STS66 and STS85. CRISTA is a limb scanning 
experiment that measures the thermal emissions (4-71/im) of 18 trace gases 
with high spatial resolution in three dimensions. During both missions seven 
global maps were measured. Radiance fields and single spectra show clear 
indications for deep convection clouds in the tropics (CRISTA 1/2) and polar 
stratospheric clouds in the southern polar vortex (CRISTA 2). Analyses of 
the cloud distributions and properties retrieved by the IR-emissions will be 
discussed. A comparison with the SAGE II climatologie for subvisible cirrus 
clouds will also be presented. 

CIRRUS CLOUD PARTICLE SIZING USING SPACEBORNE 
RADAR/LIDAR SYSTEM 

C-L. Liu and A. J. Illingworth (JCMM, Dept of Meteorology, 
University of Reading, Reading RG6 6BB, UK. 
swsliuc@met.reading.ac.uk) 

Based on the radar/lidar backscatter ratio technique 
developed by Intrieri et al. (1993) and assuming cirrus 
ice particle spherical, the EUCREX and CEPEX data- 
sets have been analysed to test the retrieving algorithm 
of cirrus IWC and particle size for a future spaceborne 
radar/lidar system. The results show consistent 
agreement between those observed and those inferred 
from the spaceborne system Some retrieving 
problems will be discussed. 

CLOUD  SIMULATIONS  WITH   RANDOMLY  ORIENTED  AXIALLY 
SYMMETRIC HYDROMETEORS. u 

O. Stumioloü}, F. ProdUl.2). L, 
(I)Institute FISBAT-CNR, Cloud's and Precipitation Group, Bologna, Italy 

m(2)andA. Battaglia<2) 

(2)Department of Physics, University of Ferrara, Italy 
rcnato@hail.fisbat.bo.cnr.it/fax ++39-51 -6399647 

A code developed by Mishchenko based on T-matrix approach has been modified 
Then, in addition to the evaluations of C.„, C, C+,. w (albedo), <cos 8> 
(asymmetry parameter) and the non-zero elements of Mueller matrix at different 
scattering angles, we can now estimate a set of parameters which are even more 
useful to radar applications: backscattering cross section, attenuation coefficient 
reflectivity Z (expressed in dBZ), IWC and LWC, either for ice or water clouds For 
mixed-phased clouds we use a Maxwell-Garnett model to evaluate a statistically 
equivalent complex refractive index, so they will be treated as well as a single- 
phased cloud. Hydrometeor's models shapes can be spheroids (prolate/oblate) and 
Chebyshev particles (even order). We also modified the original code of Barber and 
Hill, dealing with monodisperse populations, for conical hydrometeors (Wang 
particles) at different deformation parameters. For the same particles it's possible to 
calculate all the above mentioned radar parameters. The calculations are made at 
different frequencies (typically 5.6, 14, 24, 35, 78, 94 and recently 125 GHz). For 
polydispersions (modified Mishchenko code) it's possible to choose different kinds 
of size distributions (most used are a modified Gamma and a power law 
HansenATravis). Finally both modified codes allow depolarisation radar parameters 
(ZDR, LDR, CDR) to be calculated, which give useful informations on shape 
composition, and canting angle of the cloud. Backscattering cross sections have 
been compared with a simplified code developed for validation. Reflectivity and 
WC/LWC detections have been compared with semi-empirical laws derived by 
direct measurements, while depolarisations are compared with Matrosov models. 
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OUTLINE SPECIFICATIONS OF GROUND-BASED CLOUD RADARS AND 
THEIR POSSD3LE INVOLVEMENT IN THE EARTH RADIATION MISSION 

Walter L. Randeu 1,2) and Norbert Witternigg 2) 
1) Graz University of Technology (TU-Graz) 
2) IOANNEUM RESEARCH Forschungsgesellschaft mbH E-mail: 
randeu@finwdsO 1 .tu-graz.ac.at, norbert.wittemigg@joanneum.ac.at 

In the course of a feasibility study performed for ESA/ESTEC recommendations for 
the type and outline specifications of ground-based cloud profiling radars have been 
developed. The selection process was based on the results of a thorough physical 
description of cloud macro- and microstructures, scattering calculations, 
components/subsystems availability and cost factors to be expected in case of 
realisation Governed by the higher density of the cloud/precipitation environment 
when looking into it from the ground, 14 GHz was chosen as the preferred frequency, 
allowing the recognition of high clouds even in precipitation situations. This frequency 
would also be suited to acquire information on the transition from cloud to 
precipitation and the microstructure of melting layers. For an optional dual-frequency 
design 35 GHz was selected as the second frequency, paying attention to an economic 
realisation. In order to avoid the need for high-power amplifying transmit tubes, the 
use of pulse compression and/or modulation was not recommended, but rather the 
application of receiver-coherent Doppler principles for the purposes of velocity and 
turbulence extraction, achieving the required sensitivity by means of coherent echo 
integration. Further recommendations were the provision of cross-polar echo reception 
and a limited antenna beam scanning applying a novel hydraulic dual-plate pedestal 
Main application in the frame of the ERM would be to provide spotwise ground truth 
and validation data for spacebome cloud sensors. 

SCATTERING CALCULATIONS FOR THE SIMULATION OF RADAR 
RETURNS IN REALISTIC CLOUD SCENARII 

Norbert Witternigg 1), W.L. Randeu 1,2) and M. Leitner 
1) Graz University of Technology (TU-Graz) 
2) JOANNEUM RESEARCH Forschungsgesellschaft mbH E-mail: 
norbert.witternigg@joanneum.ac.at, randeu@finwdsO 1 .tu-graz.ac.at 

The simulation of radar returns in realistic cloud scenarii is one important step before 
the actual hardware design of a cloud profiling radar. Scattering calculations were 
done within the feasibility study for a ground based cloud profiling radar performed 
under ESA/ESTEC contract. The main purpose was to be able to simulate radar 
returns and radar parameters for different cloud situations as expected to be measured 
by a cloud profiling radar. Particle spectra have been modeled by polydisperse 
distributions of water droplets and spheroidal ice particles with different size / 
diameter relations. A literature study on the micro- and macro-physical characteristics 
of four major cloud types (high clouds, middle layer clouds, low clouds and clouds 
with precipitation) has been performed and sample particle spectra were used for the 
simulation of radar returns in realistic cloud scenarii. Six frequencies between 5.6 GHz 
and 94 GHz were investigated. Rayleigh approximation was assumed for the small 
particles ice particles with larger size parameter have been calculated using the 
Fredholm integral method. Needles and plates within these populations have been 
simulated by spheroids with extreme axial ratios. The radar parameters reflectivity, 
specific attenuation and linear depolarisation ratio have been calculated from the 
digitized spectra so that sensitivity calculations and attenuation budgets have been 
obtained for various cloud types. 

95-GHZ RADAR/720-NM LIDAR SIMULTANEOUS MEASUREMENTS OF 
CLOUDS AT GKSS 

r Weitlcamn. ODanne, H.Flint, Wiahmann, M.Quante, E.Raschke, RATheopold 
GKSS-Forschungszentrum Geesthacht GmbH, D-21494 Geesthacht, Germany 
claus.weitkamp@gkss.de / Fax +49-4152-87-1875 

Comparisons have been made of the cloud profiles obtained from the backscatter 
sisnals of a 95-GHz radar and a 720-nm lidar system between 23 May and 4 No- 
vember 1997 at Geesthacht (53°24' N, 10°26' E). Time and height resolution were 
2 s and 75 m for both devices. Although the wavelengths of the two systems differ 
by a factor of 4 000, remarkably similar data have been obtained in many cases. 
There are differences, though. In the presence of an altocumulus at 2.6 km height 
and a moderately thick stratus around 800 m the lidar senses only the stratus, where- 
as in the radar profiles the altocumulus shows up nicely and the stratus is barely per- 
ceptible A cirrostratus with cloud bottom around 6 km is seen by both systems. 
Whereas the lidar beam penetrates no deeper than about 2 km, the radar shows the 
entire body of the cloud which at times is more than 6 km thick. The downward in- 
ternal motion of the cloud is detected by both systems, the lower cloud bottom from 
the radar data is attributed to the presence of raindrops below the cloud. A similar 
picture is obtained for a thick, multilayered stratus between 0.6 and 2.5 km for 
which again the lidar senses only the lower parts; a layer of haze at about 400 m is, 
on the other hand, seen by the lidar only. Finally, moderately thick cirri between 7 
and 11 km that strongly show up in the lidar signal are not detected by the radar. In 
conclusion, both systems provide cloud dynamics data; whereas the lidar is more 
sensible to thin clouds, the tops of thick clouds are only seen by the radar. Lidar and 
radar cloud bottoms appear lower if made up of small and large particles, respecti- 
vely. For quantitative cloud studies collocated radar-lidar systems thus considerably 
add to the experimental capabilities of each of the two systems alone. Model calcu- 
lations are under way to quantify the effect of particle size on the return signals. 

OA15 Clouds and their impact on radiation and 
photo-chemical processes 

Convener. Raschke, E. 

02 Modelling of cloud systems 

Convener: Mölders, N. 

REMO IN FORECAST MODE WITH ICE PHYSICS IN THE CLOUD AND IN 
THE RADIATION SCHEME 

B. Ahrens. U. Karstens, B. Rockel, R. Stuhlmann 
GKSS Research Centre Geesthacht, PO Box 1160, D-21494 Geesthacht 
ahrens@gkss.de 

A main purpose of the REgional scale MOdel REMO, as implemented at GKSS, is the 
determination of the water and energy budgets over the Baltic Sea and its catchment 
area within the Baltic Sea experiment BALTEX. REMO (GKSS) is essentially the 
same code as the regional weather forecast model 'Europa Model' fEM, version 2.11) 
of the German weather service. 
To improve the performance of forecasting the water and energy budgets, the model 
has been enhanced by a prognostic ice phase variable and the cloud and radiation 
scheme have been completed with ice physics. Since in REMO the cloud cover is not 
a prognosed variable, the diagnostic parameterisation also has been revised. 
In this paper we present the changes in a few simulated parameters with major rele- 
vance for the mentioned budgets: the cloud cover, the liquid and ice water path, and 
precipitation. Also we compare these simulation results with observations, namely 
with the DX data set of the ISCCP (International Satellite Cloud Climatology Project) 
and with measurements from about 6000 rain gauge stations within the Baltic Sea 
region. The spatiotemporal meteorological fields are contrasted by means of statistical 
objective analysis. 
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THE PARAMETERIZATION OF THE MICROPHYSICAL PROCESSES 
AND THE RADIATIVE TRANSFER IN THE MESOSCALE MODEL MEMO 

W. Bickmeier (1), C. Borrego (2), M. Coutinho (2), G. Ernst (1), R. Kunz (1), 
N. Moussiopoulos (3) 
(1) Institute of Technical Thermodynamics, University of Karlsruhe, Germany, 
(2) Department of Environment and Planning, University of Aveiro, Portu- 
gal, (3) Laboratory of Heat Transfer and Environmental Engineering, Aristotle 
University Thessaloniki, Greece 
bickmeier@itt.mach.uni-karlsruhe.de/Fax: +49-721-608-3931 

The prognostic mesoscale model MEMO simulates the atmospheric wind field 
which is necessary to calculate the dispersion of pollutants. Microphysical pro- 
cesses, such as condensation and evaporation, and radiative transfer influence 
the atmospheric energy budget and therefore the atmospheric flow. In this 
paper a method is presented to include these influences into mesoscale wind 
flow modelling. Therefore condensation, evaporation and precipitation are pa- 
rameterized. The parameterization requires a radiation scheme which resolves 
the radiation transfer in presence of single clouds. The parameterization of 
longwave radiation is based on an enhanced emissivity method. Shortwave 
radiation is calculated considering multiple reflexions between single clouds. 
The emissivities, transmissivities and albedo are dependent on the liquid water 
content of the cloud and its vertical extension. Both are calculated by the pa- 
rameterization of the microphysical processes. The scheme is suitable for the 
use in mesoscale models since droplet spectra are not considered and therefore 
the computational effort is small. Results from one-dimensional calculations 
and from real-case applications for parts of the Portuguese coast are presented 
to show the influence of microphysical processes and radiation transfer on the 
atmospheric wind field. 

SHORTWAVE CLOUD FORCING OF MARINE STRATOCUMULUS CLOUDS 

J. Kristiansenfli and J. E. Kristjänsson (1) 
(1) Department of Geophysics, University of Oslo 
jornk@geofysikk.uio.no 

Clouds are an important modulator of climate, especially marine stratocumulus with 
their high reflectivity and high emission temperature. These effects combined gives 
a strong net radiative cooling. It is therefore important to see how the forcing 
depends on cloud cover, position and water content. The results are based on the 
radiative code of NCAR CCM2 using a single column model. Marine stratocumulus 
clouds are chosen because of their near plane-parallel structure and because the 
ocean has low reflectivity, which provides an excellent background for remote 
sensing of radiative properties. The model gives the diurnal average cloud forcing 
with constant cloud cover, effective radius and integrated liquid water content. The 
effects on the shortwave cloud forcing when altering the cloud's vertical position, 
cloud cover and water content will be discussed. One finds that the shortwave 
forcing is nearly insensitive to the cloud's vertical position whereas cloud cover is 
the crucial parameter for thick clouds, and liquid water path is a more sensitive 
parameter when the cloud is thin. It is also interesting to see whether the model can 
reproduce the shortwave forcing measured by satellites given measured water 
content and cloud fraction. The code overestimates the forcing but this might be 
explained by a fractal cloud cover, a broken cloud cover, a different effective radius, 
the diurnal variations in cloud properties or measurement errors. An assessment of 
the respective effects is presented so one can better relate the results from this model 
to measurements of shortwave cloud forcing. 

DESIGN, TESTS AND FIRST APPLICATIONS OF A TWO- 
MOMENT WARM CLOUD SCHEME IN A NON-HYDROSTATIC 
MODEL 

J.-M. Cohard and J.-P. Pinty 
Laboratoire d'Aerologie (UMR CNRS/UPS 5560), 14, Ave. E. Belin, F-31400 
Toulouse. 

A warm cloud scheme predicting the mixing ratio and number concentration of 
both the cloud droplets and the raindrops has been incorporated in the multi- 
purpose non-hydrostatic mesoscale model "MesoNH". The scheme is based 
upon generalized 7-law distributions for each liquid water specy. Special at- 
tention has been paid to describe the nucleation and coalescence processes 
for which analytical solutions have been considered. The CCN nucleation sub- 
scheme is an extension of Twomey's work but includes the finite availability of 
the CCN source. The accretion and self-collection tendencies have been fully 
integrated using the Long polynomial kernels while the autoconversion rate 
is accounted through the Berry and Reinhardt parameterization. Each micro- 
physical process has been run separately in OD numerical experiments in order 
to estimate the accuracy of their representation in the complete scheme. 
Finally, we present 2D numerical experiments using the whole warm cloud 
parameterization for some selected case studies of orographic and other precip- 
itating clouds. The sensitivity of the results to the initial activation spectrum 
is discussed. 

IMPACT OF A NEW PARAMETERIZATION SCHEME FOR 
NON-SPHERICAL ICE CRYSTALS ON THE CLIMATES OF 
TWO GCMS 

3. E. Kristjänsson (1), J. M. Edwards (2) and D. L. Mitchell (3) 
(1) Department of Geophysics, University of Oslo, Norway, (2) Hadley Centre, 
United Kingdom Meteorological Office, (3) Desert Research Institute, Reno' 
Nevada, U.S.A. 
jegillCpat.uio.no/Fax: [47] 2285 5269 

Until recently ice clouds have been treated crudely in general circulation mod- 
els (GCMs) of the atmosphere. Many models made no distinction between 
water and ice clouds, and those that did considered ice crystals as spheres of 
a given fixed size. In nature ice spheres are rarely found. The non-sphericity 
of real ice crystals strongly affects their radiative properties, both in SW and 
in LVV, and those two effects do not cancel. Furthermore, ample observational 
evidence exists for a strong temperature dependency of ice crystal sizes. A new 
parameterization scheme suitable for GCM applications that takes the above 
properties of ice crystals into account has been developed and implemented in 
the UKMO and NCAR GCMs. We shall present results from 5-year simulations 
with both models, indicating the impact on model climate. In many respects 
the two models respond similarly to the changes in ice crystal treatment. For 
instance, both models show a warming of the tropical tropopause of about 1 K, 
reduces a persistent bias in the models. This is shown to be largely related to 
enhanced LW radiative warming. Other features of the model results will also 
be presented, along with investigations of potential impact on cloud feedback. 

A RADAR SIMULATION MODEL FOR THE VALIDATION OF 
MESOSCALE DYNAMIC MODELS 

G. Haase and C. Simmer 
Meteorological Institute, University of Bonn, Auf dem Hügel 20, D-53121 Bonn. 
uzs0a90uni-bonn. de/Fax: [+49)228-73-5188 

A radar simulation model has been developed in order to validate the three- 
dimensional fields of precipitation and cloud water/ice calculated by the non- 
hydrostatic Lokal-Modell (LM) of the German Weather Service (DWD). In our 
simulations we focus on an area of about 400x400 km2 around the C-band radar 
located in Essen (51.4°N, 7.0°S), which is a part of the DWD radar network. 
The radar propagation model considers the curvature of the radar beam rela- 
tive to the earth's surface depending on the temporal and spatial variability of 
the refraction index in the troposphere. The complete atmospheric interactions 
of an electromagnetic wave, i.e. backscattering and attenuation, are included. 
Gaseous molecular absorption (oxygen and water vapour) is calculated using 
the model by Liebe (1993). The extinction and backscattering cross sections of 
the four types of hydrometeors (rain, snow/hail, cumulus clouds, cirrus clouds) 
are calculated following Mie theory based on typical particle size distributions. 
From the total cross section the radar reflectivity is derived. 
Several sensitivity studies for stratiform and convective precipitation events 
will be shown by comparing simulated plan position and range height indicator 
images of different radars based on LM runs with observations of the DWD 
radar network at the same time. 

EXPERIMENTALLY DETERMINED PHOTON PATHLENGTH 
DISTRIBUTIONS FOR DIFFERENT METEOROLOGICAL SIT- 
UATIONS 

C. Kurz, 0. Funk, H. Veitel, U. Platt and K. Pfeilsticker 
Institut für Umweltphysik, University of Heidelberg, INF 366, 69120 Heidel- 
berg, Germany. 
ku9uphysl.uphys.uni-heidelberg.de/Fax: [+49] 6221-54-6405 

Experimentally determined probability density functions of geometrical paths 
(PDF-GP) for different meteorological situations are presented. The PDF-GPs 
are deduced from high resolution spectroscopy of zenith-scattered sunlight 
within the oxygen A-band. The method that allows to derive the PDF-GP 
involves the determination of differential optical densities of several A-band 
absorption lines applying the DOAS (Differential Optical Absorption Spec- 
troscopy) technique, and a Laplacian back-transformation. The results pre- 
sented show large enhancements of the first moment of the pathlenth distribu- 
tion function, when cold and warm fronts pass over the measuring site (50°N, 
8.2 °E). Furthermore, the results exhibit significant temporal variations of the 
PDF-GP for rapidly changing weather conditions and they clearly show that 
multiple Mie-scattering within clouds does have an important impact on photon 
paths and their length-distributions. 
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DIURNAL VARIATIONS IN STRATOCUMULUS-CAPPED 
ATMOSPHERIC BOUNDARY LAYER 

A. Melikechi and G. Schayes 
Institut d'Astronomie et de Geophysique G. L., UCL, Belgium 
meUk@astr.ucl.ac.be/Fax: +32-10-47-47-22 

A model simulation is presented of the diurnal cycle of a cloud-topped 
atmospheric boundary-layer (ABL). A turbulent-radiative description is 
developed based on a two-stream radiative scheme and a one-and-half 
order closure. In order to examine model performances, nocturnal model 
results are compared with ASTEX datasets obtained during the night 
of 12-13 June 1992. Different turbulence closures are tested using a 
one-dimensional (ID) version of a 3D vorticity-mode mesoscale model 
(TVM). The TVM model uses prognostic equations for liquid potential 
temperature Ti and total specific humidity qi- The buoyancy term as well 
as other turbulent fluxes of the non-conservative variables are expressed 
as a function of a saturated and unsaturated fluxes of 0| and gj which 
are combined through a weighting factor that represents the fraction of 
saturated air. The different closures give satisfactory mean meteorologi- 
cal fields. However, a wider scatter is exhibited by turbulent fields. The 
model is used to study the impact of different combinations of physi- 
cal processes on the turbulent structure of a cloudy ABL. The physical 
processes considered are i) surface heating flux, ii) infrared cooling near 
cloud top, and iii) solar radiation in the cloud. The simulations show 
a diurnal variation in cloud properties, as a result of the absorption of 
solar radiation within cloud layer. 

Different cloud prediction by use of various types of cloud models included in 
one mesoscale model 

Armin Raabe. Frank Jagusch, Nicole Mölders, (LIM - Institut für Meteorologie, 
Universität Leipzig. Stephanstraße 3, D-04103 Leipzig, Germany). 

The non-hydrostatic mesoscale meteorological model GESIMA (GKSS Geesthacht) 
includes four various types of cloud models. All these models are able to predict 
clouds or various components of clouds. 
The cloud models are used to calculate the thermodynamic processes within an Sea 
Breeze situation at the Baltic Sea coast and during the existence of so called Bailie 
Heat Cyclone. 
In the first case the predicted time dependent rain and in the second case the time 
and spatial distribution of snow are used to demonstrate the discrepancies between 
the various cloud schemes. 
These discrepancies show, that without any tuning of parameterization of 
microphysical processes and of the boundaries between the defined components of 
clouds it is nearly impossible to compare the predicted cloud cover, rain or snow. 

ON THE SENSITIVITY OF CLOUD MICROPHYSICS TO THE ENERGY 
AND WATER FLUXES AT THE INTERFACE EARTH-ATMOSPHERE 

Nicole Mölders. Katja Friedrich (LIM - Institut für Meteorologie, Universität 
Leipzig, Stephanstraße 3, D-04103 Leipzig, Germany), Gerhard Kramm (emc, P.O. 
Box 101310, D-04013 Leipzig, Germany) 

The sensitivity of the cloud and precipitation formation processes on the choice of 
the soil-vegetation-atmosphere-transfer-scheme (SVATS) to predict the water and 
energy fluxes at the interface Earth-atmosphere is examined by using alternatively 
two different SVATS in a non-hydrostatic meteorological model. The first SVATS is 
a Deardorff-type scheme using a force-restore-method for the soil moisture. Herein, 
soil moisture and soil temperature are decoupled (cf. Eppel et al. 1995). The second 
SVATS, however, considers the dependence of soil temperature on soil moisture and 
vice versa (cf. Kramm 1987). The cloud module applied is a five water class bulk- 
parameterization scheme. 

Due to the differences in surface temperature and moisture supply to the 
atmosphere and due to the resulting differences in stability appreciable differences in 
the cloud microphysics and the paths of precipitation formation may occur. First 
results of the comparison will be presented and discussed. Such studies will be 
important to quantify the uncertainty in studies on the local recycling of water. 

NUMERICAL INVESTIGATIONS OF PRECIPITATION FORMATION IN 
WARM CONVECTIVE CLOUD. 

E.N Stankova and M.A. Zatevakhin 
Institute for High Performance Computing and Data Basis 
E-mail: lena@fh.csa.ru, misha@fn.csa.ru 

Characteristic features of the process of precipitation formation in a warm cloud 
was investigated with the help of one-dimensional, time-dependent cloud model. 
Microphysical processes of nucleation, condensation and coalescence were 
modelled in detail by means of numerical solution of stochastic collection equation 
For the processes of condensation and coalescence original numerical schemes were 
elaborated, capable to conserve the mass and the number of particles and at the 
same time obtaining accurate solutions for the relatively low number of drop size 
intervals. 
Considerable efforts were made to investigate the dependence of the processes of 
precipitation formation upon environmental atmospheric conditions (temperature 
lapse rate, humidity vertical distribution and surface temperature) and on the rate 
of cloud microphysical processes defined by number of nucleation nuclei and 
collection efficiency. 

ON THE INFLUENCE OF THE CLOUD MORPHOLOGY AND 
INHOMOGENITIES ON OPTICAL PATHLENGTHS AND THE 
CLOUD SKY SW-ABSORPTION 

K. Pfeilsticker 
Institut für Umweltphysik, University of Heidelberg, INF 366, 69120 Heidel- 
berg, Germany. 
pfi8uphysl.uphys.uni-heidelberg.de/Fax: [+49] 6221-54-6405 

Recently several studies have highlighted the existing uncertainty in the 
observed and modeled cloudy sky absorption of the solar radiation (SW- 
absorption). Thereby it has been suggested that the frequently made assump- 
tion in radiative transfer calculations (RT) to represent clouds as homogeneous 
plane-parallel instead of fractal (broken and inhomogeneous) entities could be 
a possible cause for this uncertainty. More specifically spoken it was argued 
whether such simplified RT-calculations can accurately model the probability 
density distribution of optical pathlengths (PDF-OP) of real clouds, and in 
consequence may fail to calculated accurately the cloud sky SW-absorption. 
The present talk addresses this problem by reporting on the first cloud sky 
PDF-OP measurements using the oxygen A-band technique. These measure- 
ments are compared with RT-calculations of the cloud sky PDF-OPs using 
the DISORT-code. From the discrepancies found between the measured and 
modeled PDF-OPs it is concluded that non-statistical RT-models indeed fail 
to account properly for the intermittency of the optical pathlengths occurring 
under cloudy sky. Consequences of this model shortcoming on calculated cloud 
sky SW-absorptions are also discussed. 
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CIRRUS CLOUD OPTICAL PROPERTIES IN THE FAR-INFRARED 
F. Di Giuseppe, L. Mannozzi and R. Rizzi. 
ADGB- Atmospheric Dynamic Group. University of Bologna 
laura@atmos5.df.unibo.it/FAX: +39-51-630 5074 

The contribution of cirrus clouds to the Earth-Radiation Budget (ERB) is very 
important in improving Global Circulation Models which are the basis for estimating 
long-term climate change. Cirrus clouds, composed of ice particles, act to reflect the 
incoming solar radiation emitted from the earth and to reduce the infrared energy 
radiation loss from the earth. The final effect can be both an atmospheric warming or 
cooling being the far infrared portion of the long-wave spectrum very important in 
the resulting balance. In the spherical particles approximation, Mie and Radiative 
Transfer Theories provide analytical calculation of cloud optical properties 
wavelength by wavelength. The computational time request for this procedure is very 
often too big for many applications (e.g. forecasting, Small-Scale Models...). A new 
parameterization of cloud optical properties has been carried out in order to by-pass 
some limitations of parameterization found in the literature in the far infrared 
spectral range. We have modelled the cloud emissivity as function of the Ice Water 
Path (IWP), cloud thickness, angle of observation and effective particles size 
parameters (R,*, vttf ) between 10 and 200 urn. The forward and scattered 
transmissivity and the scattered reflectivity are all included in the emissivity 
expression. The results have been compared with the ones calculated by other 
authors and with the analytical Mie Theory resolution. The mathematical process and 
the final analytical expressions for all the terms considered in the emissivity 
calculation are reported. The parameterization developed has been implemented in a 
two-stream approximation radiative transfer code Climcode developed by J. 
Edwards. Finally, the TOA upward flux variations as function of the cirrus clouds 
optical and physical parameters are discussed. 

HEATING RATES IN FIVE ATMOSPHERIC LAYERS FOR SE- 
LECTED CLOUD CASES IN EUROPE 

Franz H. Berger 
Institute for Hydrology and Meteorology, Dresden University of Technology, 
Piennerstr. 9, D-01737 Tharandt, Germany. 
berger«forst.tu-dresden.de/Fax: [49] 35203 381302 

For selected cases between 1990 and 1996 radiation budget components at top 
of atmosphere, at different atmospheric levels and at surface were inferred from 
NOAA-AVHRR and Meteosat data. The investigated area is limited to Central 
Europe and to the Baltic Sea. 
To calculate the radiation budget components at different atmospheric levels 
and at surface from remotely sensed data, a complex analysis scheme could 
be applied, where cloud types as well as their optical properties could also be 
derived. To define the vertical profiles, synoptical observations as well as the 
cloud classification results were taken into account. Thus for different cloud 
cases, like deep convective or shallow convective clouds or thin high clouds 
above thick low clouds, heating rates were computed for only five thick atmo- 
spheric layers. But significant differences between heating / cooling in the five 
layers for these cloud cases can be shown. Analysing the high temporal resolved 
Meteosat data, the time evolution of heating / cooling in these five layers could 
also be determined. 

FAR-INFRARED SCATTERING EFFECTS IN CLOUDY SKY 
F. Di Giuseppe and R. Rizzi 
ADGB- Atmospheric Dynamic Group. Dept. Of Physics. University of Bologna 
fdg@atmos20.df.unibo.it/FAX: +39-51-6305074 

Correct cloud parameterization is crucial for improve accuracy of climate models 
and for meeting the goals of the Earth Observing System (EOS).The far infrared 
properties of clouds are still not well-known although the contribution to the 
radiative forcing in this spectral region is expected to be relevant. In the long-wave it 
is usually assumed that the effect of absorption is dominant compared with those of 
scattering. We have investigated the effects of scattering processes using a two- 
stream approximations radiative code with a new far-infrared parameterization of 
cloud scattering processes. Results shows that scattering generally increases the 
optical depth of the cloud and reduces the OLR, and the most relevant effects on 
cloud top cooling and cloud base warming. Scattering processes can be 
parameterized as function of ice water path and of cloud effective particle size 
distribution parameters The maximum effect of scattering is to change the outgoing 
long-wave radiation by several Wm'2 equivalent to about few percentage of the total. 
A surprising result was that the scattering effect is most important in the partial 
window around 400 cm"1, rather than in the main window region around 1000 cm"1. 
We explained this result in terms of the wide wavelength dependence of single 
scattering properties of ice particles near 400 cm'1 (such as back-scattering 
coefficient and single scattering albedo). The same has not be found for water 
droplets. This region of the spectrum may therefore hold some promise for future 
remote sensing of particle size in high clouds. 

VALIDATION OF DROPLET SPECTRA AND LIQUID WATER CONTENT 
MEASUREMENTS 

F. Burnet and J.-L. Brenguier 
Meteo-France (CNRM/GMEI/MNP), Toulouse, France 
burnet@cnrm.meteo.fr 

Measurements of cloud microphysics are of crucial importance for studies of the onset 
of precipitation and cloud radiatives properties. Various instruments are presently 
available for airborne measurements in clouds: optical spectrometers, optical 
scatterometers and hot wires. Data from the SCMS experiment held in Florida during 
summer 1995 provide a unique data set for evaluation of the probes performances. 
Measurements of the droplet size distribution performed with standard FSSP probes 
and the Fast-FSSP will be compared and the probe responses will be evaluated as 
functions of droplet concentration and sizes. The liquid water content derived from 
integration of these spectral measurements will then be compared to direct 
measurements with optical scatterometers and a hot wire. This analysis shows that 
significant discrepancies exist between the probes. They can be significantly reduced 
by the application of rigorous correction methods which will be presented. 

RADIATION BUDGET FOR BALTEX 

R. Hollmann. J. Müller, and R. Stuhlmann 
Institut für Atmosphärenphysik, GKSS Forschungszentrum, Geesthacht, Germany 
hollmann@gkss.de, FAX: +49-4152-87-2020 

The objective of the Global Energy and Water cycle Experiment (GEWEX) is to 
make available reliable tools for analyzing and predicting the complete energy 
and water cycle of our climate system on both, global and regional scales. For re- 
gional scales, this work is done within five GEWEX continental scale experiments 
of which one is the Baltic Sea Experiment (BALTEX). For these, special regional 
models are being applied, which have to be validated against available surface and 
satellite measurements. For this we use data of the well calibrated Scanner for Ra- 
diation Budget (ScaRaB) experiment to compare regional satellite estimates of the 
top of the atmosphere (TOA) earth radiation budget (ERB) over the BALTEX 
area against that calculated by the Regional Scale Model (REMO). The ScaRaB 
experiment, is a successor of the American Earth Radiation Budget Experiment 
(ERBE) and is designed to measure the short-wave and long-wave components of 
the ERB within a very high accuracy on scales of about 250km1. These data are 
used to derive regional ERB products on a scale of 18km3. Since the variability in 
the TOA ERB is mostly determined by the interaction of clouds with radiation, 
such a comparison between satellite measurements and model results gives inside 
into how reliable a regional model can describe the development of clouds. 
Wc intend to present first results of a comparison of the radiation budget at TOA 
with a regional scale model for the month March 1994 for the BALTEX area. 
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Assessment of Poland overall claudiness as the reason for the forecasting 
of possible climate changes 

R. Kaczorowska, P. Mager, R. Farat 
Institute of Meteorology and Water Management, Poznan Branche 
dyr_imgw@rose.man.poznan.pl/Fax:+48-61-8475-440 

According to PCM advices, assessment of cloudiness in Poland has been done 
by using the results of the latest overground researches related to this element. 
Diagnosis of cloudiness range is basic for the elaboration of climate changes 
forecasting in future. Characteristic of claudiness range has been done with using 
datas: monthly average, seasonal and yearly in a 10-degree scale. The datas were 
calculated on the base of datas coming from 8 terms for each 24-hours, 
for 55 synoptic stations from the period 1966-1990. Range of overall cloudiness 
is characterized by: quantile of a designed range (p=10, 25, 50, 75, 90), number 
of days with designed mean 24-hours datas which occurr in designed time periods. 
The numbers of days in accepted classification according to Mr. Okoiowicz (fair 
days, moderately fair days, cloudy days, very cloudy days) show a clearly seen 
variability during a year period. For obtaining the complex assessment 
of cloudiness range, the autors at present take into account also the height 
of occurring clouds. The researches are continuing now. 

OPTICAL AND GEOMETRICAL PROPERTIES OF NORTHERN 
MIDLATITUDE CIRRUS CLOUDS OBSERVED WITH A UV 
RAMAN LIDAR 

J. Reichardt. C. Weitkamp, B. Neidhart 
Institut für Physikalische und Chemische Analytik, GKSS-Forschungszentrum 
Geesthacht 
jens.reichardt@gkss.de/Fax: +49-4152-871888 

Measurements of cirrus optical and geometrical properties are presented. Data 
have been taken at Geesthacht (53.5 "N, 10.5 °E) in Northern Germany between 
May 1994 and March 1996. The instrument used for this purpose is a two-laser 
Raman DIAL for simultaneous measurements of ozone, water vapor and clouds. 
The wavelengths of the transmitted radiation are 308 and 355 nm. From the 
elastic return signals at 355 nm detected in both polarization planes and from 
the corresponding nitrogen Raman baekacatter signal at 387 nm independent 
height profiles of the cirrus-particle backscatter coefficient, extinction coeffi- 
cient, lidar ratio, and depolarization ratio are calculated. This combination of 
the Raman lidar technique and the polarization lidar technique yields the moat 
complete set of cirrus cloud parameters measured remotely so far. The cloud 
mean extinction, lidar ratio and depolarization ratio are given as a function of 
mid-cloud temperature. A statistical analysis of cirrus top height, top-height 
and mid-cloud temperature, temperature gradient, and of geometrical and op- 
tical depth is presented and discussed. For the first time the dependence of the 
lidar ratio upon the depolarization ratio is investigated. The material presented 
is considered as an important data basis for the modeling of relations between 
cirrus clouds and climate. 

MONTE   CARLO  RADIATIVE  TRANSFER  CALCULATIONS 
FOR INHOMOGENEOUS MIXED PHASE CLOUDS 

A. Macke 
Institut für Meereskunde an der Universität zu Kiel, Germany. 
amackeQif in. uni-kiel. de 
The consideration of cloud radiative properties in cloud remote sensing and 
atmospheric circulation models is generally based on the assumptions of plane- 
parallel and homogeneous cloud geometries and constant cloud microphysical 
properties. The present paper tries to quantify the differences in solar radiative 
fluxes (albedo, transmission, and absorption) between these idealised clouds 
and more realistic inhomogeneous and/or broken mixed phase cloud fields. 
Furthermore, the uncertainties in these fluxes due to the natural variability 
of cloud macro- and microphysical properties are examined. A Monte Carlo 
radiative transfer model has been developed and applied to spatially inhomo- 
geneous cloud fields from a mesoscale atmospheric circulation model (GESIMA) 
and from radar observations (GKSS 94 GHz cloud radar). Cloud microphysics 
include spherical water droplets as well as non-spherical ice particles with vary- 
ing degrees of irregularity. The single scattering properties for the non-spherical 
hydrometeors have been calculated within the geometric optics approximation. 
The Monte Carlo calculations for solar broad band albedo show that with in- 
creasing liquid/ice water content the albedo bias (reduced reflectivity caused 
by cloud inhomogeinity) increases up to 50 %. However, uncertainties in the 
ratio of liquid to ice water path have a comparable influence on the albedo and 
appear to be the major problem in modelling solar cloud radiative properties. 

THE HETEROGENEITY OF CLOUDS AND THEIR INFLUENCE ON THEIR 
RADIATIVE PROPERTIES 

F.Szczap. H. Isaka, M. Saute 
LAMP, University Blaise-Pascal. 24 avenue des Landais, 63177 Aubiere Cedex, France 

Radiative flux through clouds and cloud fields are very affected by heterogeneity in 
microphysical and morphological characteristics of clouds. The idea that radiative 
properties such as optical depth and single scattering albedo of heterogeneous clouds can 
be dealt as equivalent radiative properties of plane parallel homogeneous clouds at some 
horizontal scale of averaging seems to.be supported both theoretically and 
experimentally by some recent works (Cahalan et al.,1994; Borde et al.,1996). The 
present study aims to show how these effective radiative properties can be influenced by 
the cloud heterogeneity and at what horizontal scale of averaging a heterogeneous cloud 
can be treated in the framework of plane parallel homogeneous cloud. This minimal 
horizontal scale of averaging is found to vary considerably with the incidence angle of 
radiation. Empirical relations have been established to express these effective radiative 
properties as a function of the mean optical depth and single scattering albedo as well as 
a cloud heterogeneity parameter. Finally, we compare the results of the present study, 
based on the definition of an equivalent plane parallel homogeneous cloud, with those 
obtained from the Independent Pixel Approximation. 

SOLAR RADIATION CLIMATE IN SWEDEN 

T. Persson 
Swedish Meteorological and Hydrological Institute (SMHI) 
tpersson@smhi.se 

Since 1983 a network of 12 solar radiation stations, measuring global radiation, G 
(Kipp & Zonen CM 10/CM11 pyranometers), and direct solar irradiance, I (Eppley 
NIP pyrheliometers), is operated by SMHI in Sweden. All stations are within the 
BALTEX area. During the years 1983 - 1996, for which a homogeneous radiation 
database has been built up, some clear features in the radiation climate show up. The 
largest difference in G is between the stations Visby (57.67°N, 18.35°E) and Kiruna 
(67.83°N, 20.43°E). The mean yearly total of G in Kiruna (2804 MJm'2) is 25 ?c less 
than in Visby (3742 MJm'2). This is due to both latitudinal effects and differing 
cloud conditions. The effect of different cloudiness is clearly seen when comparing 
the stations Växjö (56.96°N, 14.74°E) and Visby. On the average, G is 12 % less at 
the cloudier site in Växjö than in Visby. At all sites there is a large year to year 
variation. The difference between the lowest and highest yearly values at each station 
is 15 %, or more. There is an increasing trend in both G, I and duration of sunshine 
at all stations. On the contrary, when also considering older measurements from the 
60's and 70's, however not homogenised, the trends are weakly decreasing. 
Taking the atmospheric water vapour content into account, the Angstrom turbidity 
coefficient, ß, could be estimated from measurements of I. Mean values of ß during 
1983 - 1996 are 0.077 in Lund (55.72°N, 13.22°E) and 0.055 in Kiruna. These 
values are strongly affected, approximately to the same amount, by the major 
volcanic eruptions of El Chichon and Mt Pinatubo. 

THE ANOMALOUS ABSORPTION PHENOMENON OF HETEROGENEOUS 
CLOUDS 

F.Szczap. H. Isaka, M. Saute 
LAMP, Universum Blaise-Pascal, 24 avenue des Landais, 63177 Aubiere Cedex, France 

Since recent publication of Cess et al. (1995), there is a renewed interest in the 
anomalous absorption phenomenon. Experimental analyses have shown the absorption 
within a natural cloud becomes more important than that estimated for its equivalent 
plane parallel homogeneous cloud. Stephen et Tsay (1990) suggested this anomalous 
absorption phenomenon might be explained probably by taking into account the 
horizontal heterogeneity of cloud characteristics in the radiative transfer equations. It has 
been shown previously a heterogeneous clouds can be treated approximately as a plane 
parallel homogeneous clouds by introducing an effective optical depth (Borde, 1996; 
Cahalan, 1994). ■ 
In the present study, we show a heterogeneous absorbing cloud cannot be treated as an 
equivalent plane parallel homogeneous cloud by defining only an effective optical depth, 
but we also need to define an effective single scattering albedo in addition to an effective 
optical depth. This means the apparent anomalous absorption occurs in dealing a 
heterogeneous cloud under the plane parallel cloud assumption, if this apparent effect of 
the cloud heterogeneity on the single scattering albedo is not taken into account. For a 
heterogeneous cloud generated with a bounded cascade model, this anomalous 
absorption may anain a value of 10 to 30 % according the way in which the effective 
optical depth is estimated; this may reach more than 50 %, when a broken cloud field is 
considered. 
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THE ROLE OF THE CLOUD-FREE ATMOSPHERE IN THE 
PROBLEM OF UNDERESTIMATED ABSORPTION OF SOLAR 
RADIATION IN GCM ATMOSPHERES 

Martin Wild and Atsumu Ohmura 
Swiss Federal Institute of Technology, CH 8057 Zurich. 
tfildOgeo.umnv.ethz.cn 

Large uncertainties exist in the distribution of solar radiation in the global 
climate system and it's representation in General Circulation Models (GCMs). 
Based on a comprehensive set of more than 700 surface stations with long term 
radiation measurements it is shown that GCM atmospheres are typically too 
little absorbtive and thus too transparent for solar radiation, in the range of 10 
- 30 Wm-2 . While several studies have pointed to a possible underestimation 
of solar absorption in clouds which may explain this bias, this study presents 
evidence that the absorption in the cloud-free atmosphere is too small. These 
findings are based oh a direct comparison of the GCM fluxes with observed 
clear-sky climatologies derived from composites of cloud-free episodes at sur- 
face radiation sites, and on offline validations of the GCM radiation schemes 
for clear-sky conditions. Quantitatively, the absorption in the cloud-free GCM 
atmosphere is estimated to be too small on the order of 10 \Vm~2, and more 
in GCMs neglecting aerosols. Possible causes are an underestimation of solar 
absorption by water vapour and the neglection of aerosol effects. 

OA15        Clouds and their impact on radiation and 
photo-chemical processes 

Convener: Raschke, E. 

04 Photo-chemical processes in clouds 

Convener: Flossmann, A.I. 

MODEL OF BIOMASS BURNING PLUME AGEING. 

G.Guerinotril. P.Martinerie(l), M.Legrand(l), S.Cautenet(2). 
(1) Laboratoire de Glaciologie et de Geophysique de l'Environnement, Grenoble. 
(2) Laboratoire de miteorologie physique, Clermont-Ferrand, 

Biomass burning is influencing atmospheric chemistry by emitting large amounts 
of reactive species such as: hydrocarbons, organic acids or nitrogen compounds. 
Polar ice cores provide a unique record of precipitation whose chemistry reflects 
the atmospheric composition at the time of deposition. Measurements of light 
carboxylic acids were performed along the Summit ice core (central Greenland) 
providing simultaneous concentrations peaks for the following species: NH,+ 

(ammonium), HCOO- (formate), CHjCOCT (acetate), CjHjCy (glycolate), CW 
(oxalate). They were attributed to biomass burning events. A comparaison 
between the composition of boreal young fire plumes and Greenland ice core 
concentrations indicates a characteristic in-plume chemistry evolution during the 
transport. The main goal of this study is to explain the evolution of the 'formic 
acid / acetic acid' ratio during the plume transport, and the presence of ammonium 
and formate in stoechiometric amounts in Greenland ice. A box model of gas 
phase and aqueous chemistry has been used. The chemical mecanisms taken into 
account are: (1) the gas phase chemistry during the transport time from Canada to 
Greenland on a typical time scale of 5 days, (2) the influence of the liquid phase, 
(3) the influence of soluble aerosols on the pH. 

Sulfur (IV) to Sulfur (VI) Dark Conversion Mechanisms: 
A Modelling Study 

P. A. Ariya. R. Sander, and P. J. Crutzen 
Max Planck Institute for Chemistry, Air Chemistry Division 
P.O.   Box   3060,   55020   Mainz,   Germany,   e-mail:   parisa@mpch- 
mainz.mpg.de, fax: +49-6131-305 436 

Chemical reactions in the cloud and fog droplets have been subject of 
studies during the last five decades. It is suggested that clouds can convert 
between 50 to 80% of S02 to H^O, in the troposphere and hence 
contribute substantially to the formation of the acid rain. Two oxidation 
pathways, reactions with 03 and H202, have been suggested to play 
important roles. During dark conditions (winter time) too little H202 is 
formed by traditional mechanisms, here we will attention to the possibility 
that ozonolysis of organic compounds may provide a sufficient sum of 
HA to oxidize S (TV) to S (VI) under 'dark" conditions. This study is 
performed using a box-model (MOCCA) in which quasi-detailed 
homogenous and heterogeneous reactions of interests were incorporated. 
We will discuss our results on the impact of various mechanisms on the 
conversion of S (IV) to S (VI) in the clouds. 

Study of the indirect effect of aerosol particles during 
repeated cloud cycles 

N. Hatzianastassioii (1), A.I. Flossmann (2) and W. Wobrock (2) 
(1) Foundation for Research and Technology-Hellas, 71110 Crete, Greece 
(2) LaMP, Universite Blaise Pascal, Clermont-Ferrand, 63177 Aubiere, 
France 

An air parcel model coupled with a detailed cloud microphysical 
model, was used to study some interactions between aerosol particles 
and different cloud types during subsequent cloud cycles. Using the 
inferred cloud microphysical properties together with a Mie calculation 
code, the cloud optical properties were then estimated. These 
properties have, in turn, been introduced into a radiative transfer 
model which calculated the cloud radiative properties such as cloud 
top albedo and cloud optical depth. The comparisons between the 
model results and the observations showed a good agreement. 
Therefore, the model has been used to study the indirect effect of 
aerosol particles on solar radiation during repeated cloud cycles. 
Further comparisons between the model results and those of different 
parameterization schemes, which are presently used in GCM and 
climate models, showed some of their limitations. 
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EFFECTS OF CLOUDS ON OH PRODUCTION IN MULTIPLE 
CLOUD LAYERS AND BROKEN CLOUDS 

J. Landgraf, T. Trautmann and C. Briihl 
Max Planck Institute for Chemistry, 55020 Mainz, Germany. 
landgraftapch-mainz.npg.de 

The production of OH radicals plays a key-role for tropospheric chemistry. The 
main source of OH depends on the available UV radiation in the troposphere 
so that flux enhancement due to multiple scattering is most pronounced when 
clouds are present. Various cloud configurations are chosen to investigate their 
role for tropospheric chemistry. The results obtained suggest that cloud top 
height and vertical cloud arrangement have a large impact on the OH distribu- 
tion. For finite cloud elements and broken cloud fields locally strong deviations 
occur as compared to plane-parallel computations. However, when domain av- 
eraging is employed the strongest deviations are partly smoothed out so that 
the independent pixel approach appears to be suitable for photochemical cal- 
culations in large-scale models. 

LABORATORY AND MODELLING STUDIES OF TROPOSPHERIC 
MULTIPHASE CONVERSIONS INVOLVING SOME C, AND Q PEROXYL 
RADICALS 

AReese (I), H. Herrmann (1,2), B. Ervens(l) and R. Zellner (1) 
(1) Institut für Physikalische und Theoretische Chemie, Universität GH Essen 
(2) Institut für Troposphärenforsehung e.V., Leipzig, 
andreas.reese@uni-essen.de 

The role of organic peroxyl radicals in the atmospheric aqueous phase is currently 
unclear. Model calculations of the methane oxidation reveal large differences of the 
obtained concentrations of important gas phase species when phase transfer or 
liquid phase chemistry is involved in the models. Peroxyl radicals are precursors of 
peroxides, which play an important role in the tropospheric aqueous phase 
oxidation of SO2 to H2S04. The investigations of the reactivity against important 
cloud droplet constitutents like NCV, Fe(Il) and S(IV) and the determination of the 
T-dependent rate constants for the self-reaction of organic peroxyl radicals are 
presented in this study. Contributions of peroxyl radical reactions to the overall 
chemical conversions in different tropospheric aqueous phase compartments will be 
assessed by means of the recently developed chemical aqueous phase radical 
mechanism (CAPRAM). In this box model the established gas phase RADM2 
mechanism in combined with an extended set of aqueous phase chemical reactions 
to a multiphase mechanism. The effects of aqueous phase cloud and aerosol 
chemistry on tropospheric chemistry key species such as Ci and C2 peroxyl radicals 
will be discussed. 

A MODEL DESCRIBING TRACE METALS ACTING AS CATALYST 
IN A MARINE CLOUD. 

R. Losno 
LISA, Universites de Paris, losno@lisa.univ-parisl2.fr 

Dissolved trace metals, especially d-block, can change their RedOx state 
and then exchange electrons with other soluble species. Catalytic cycles 
appear involving a reducing, an oxidant, their associated oxidant and 
reducing and the involved metal at two oxidation states. Photons may also 
replace a reducing/oxidant couple. Compared to a more simple reaction 
scheme without metals, the catalysed reaction system looks much more 
complex and increases often by a factor 3 the number of reactions to 
consider. But, while the reaction speed of several branches of the scheme 
increases considerably, this catalysed reaction system can be turn more 
simple. We present here a model for remote clouds based on measured 
concentrations of trace metals in rain water. Copper, iron and manganese 
are the most active metals. 

ACTINIC FLUX COMPUTATION FOR FINITE AND BROKEN 
CLOUDS IN ABSORBING AND SCATTERING ATMOSPHERES 

T. Trautmann (1), J. Landgraf (1) and I. Podgomy (2) 
(1) Max Planck Institute for Chemistry, 55020 Mainz, Germany, (2) Center for 
Clouds, Chemistry and Climate, Scripps Institution of Oceanography, La Jolla 
CA 92093, USA. 
trautmCmpch-mainz.mpg.da 

From recent ground-based and airborne measurements of the actinic flux in 
cloudy atmospheres it can be concluded that the horizontal transport of pho- 
tons must be accounted for in radiative transfer modelling. A small set of 
five spectral radiative transfer computations within the photochemically active 
range (290 to 700 im) is employed. Rayleigh scattering, absorption by ozone 
and Mie scattering due to cloud droplets are included in two different radia- 
tive transfer models: a versatile Monte Carlo code and the so-called Spherical 
Harmonics Discrete Ordinate Method. The results of both models are in full 
agreement and underline that 3-D effects in photochemistry cannot be ignored 
in finite clouds and broken cloud fields. Moreover, both Rayleigh scattering 
and ground reflection were shown to exert a strong influence on the spatial 
distribution of the actinic flux. 

NUMERICAL STUDY OF CHEMICAL SPECIES EVOLUTION IN A 
CONVECTTVE CLOUD. 

Ozolin1 Y.E., IX. Karol1, N.A. Ozhigina1, E.V. Rozanov1, 
E.N Stankova2 and M.A. Zatevakhin2 

1 Main Geophysical Observatory 
E-mail: karol@main.mgo.rssi.ru 
institute for High Performance Computing and Data Basis 

One-dimensional, time-dependent cloud model for the detailed simulation of 
interaction between clouds, atmospheric chemical species and radiative fluxes is 
described. Microphysical processes are modeled in detail by the solution of the 
stochastic coalescence equation. The gaseous chemistry code includes gas phase 
reactions for oxygen, nitrogen, hydrogen, chlorine, sulfur species, and detailed 
methane and ethane chemistry. The aqueous phase takes into account the gas 
uptake on the surface of cloud droplets and the aqueous phase chemistry. 
Redistribution of species due to microphysical processes is considered also. The 
photolysis rates are calculated in the radiation transfer module, based on Delta- 
Eddington scheme. The main effect of the convective cloud on the chemical 
composition of the air is the depletion of the well dissolved species concentrations 
after their removal by precipitation. The radiative processes influence strongly the 
short-lived species. Coagulation is very important for the transformation of aqueous 
species in different size droplets and has to be coupled with chemical processes. 
The vertical transport in a convective cloud is essential for slowly dissolved gases. 
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OA16 Interaction of biogenic and anthropogenic 
compouds in the Mediterranean and its 
influence on atmospheric chemistry 

Convener: Seufert, G. 
Co-Convener: Hewitt, N. 

HELD OBSERVATION AND MODELLING OF THE FORMATION OF 
BIOGENIC ORGANIC AEROSOLS  IN MEDITERRANEAN AREAS. 

B. Bonsang (1), M. Kanakidou (1). N. Mihalopoulos (2), H. Kavouras (2). E. 
Stephanou (2), C. Pio (3), T. Nunes (3), C. Alves (3). P. Gomes (3), P. Seakins (4), A. 
Lewis (4). D. Harisson (4), C. Boissard (1). V. Gros (1), J. Sanak (1) 
(1) CFR. CNRS/CEA, Gif-sur-Yvette, France; (2) Dpt. of Chemistry, University of 
Crete, Greece; (3) Dpt. de Ambiente e Ordenamento, Universidade de Aveiro, Portugal; 
(4) Dpt. of Chemistry, University of Leeds, United Kingdom. 
bonsang@lmce.sactay.cea.fr/Fax:+33169087888 

The AEROBIC (AERosol formation from Biogenic Carbon, EC funded project) 1996 
experiment was performed to elucidate the mechanisms of organic aerosols formation, 
through a detailed field study of the chemistry of biogenic hydrocarbons and of the 
aerosol composition, and an appropriate modelling of the gas phase reactions leading to 
condensable products. The first experiment took place in August 1996 in a Eucalyptus 
forest of Portugal. An overview of the main results concerning the "in situ" 
measurements of gases of photochemical interest (NMHC's, isoprene, terpenes, nitrogen 
oxides, ozone, carbon monoxide, ketones, aldehydes), aerosol mass and size 
distributions, total organic carbon in aerosols, and speciation of this organic fraction is 
given. To analyse these data a ID model has been used. It includes gas phase chemistry' 
of biogenic hydrocarbons, gas to particle conversion and deposition processes, and uses 
the latest kinetic data (BIOVOC, EC funded project). The gas to particle conversion of 
the condensible products of hydrocarbon oxidation is taken into account to calculate i) 
the evolution of the organic aerosol mass that is compared to observations, ii) the 
aerosol yield related to the individual hydrocarbons. The changes in CO and 03 budgets 
due to secondary organic aerosol formation via removal of gas phase reactive carbon 
from the atmosphere are also discussed. 

THE ORGANIC COMPOSITION OF AIR PARTICIPATE MATTER 
FROM SEMI-RURAL AND FOREST PORTUGUESE AREAS 

C. ALVES TO. C. Pio (l) and A. Duarte (2) 
(1) Dept. of Environment; (2) Depart, of Chemistry, University of Aveiro 
ailec@dq.ua.pt/Fax: +351-34-29290 

Paniculate matter was collected with high volume samplers during an intensive 
campaign on August of 1996 in an Eucalyptus forest 70 Km far from the coast 
and two semi-rural areas. The first semi-rural site was located near the sea in the 
University of Aveiro campus and the second 35 Km distant to the interior in 
Anadia. Black and organic carbon measurements were performed by a 
thermal/optical analyser and the aerosols organic extractable matter was 
characterised by GC/MS. It is noted that atmospheric dispersion and dry- 
deposition over the forest are probable factors affecting the production of total 
suspended matter, since concentrations at Tabua are lower than at Anadia and 
Aveiro. Most of the compounds mass identified consists of polycyclic aromatic 
hydrocarbons with anthropogenic origin, alkanes from vehicular and biological 
sources, alcohols, ketones and aldehydes from photochemical transformations and 
other sources, fatty acids with plant and microbial origin and terpenoids from 
biogenic sources. The distributions of n-atkanes show the predominance of C2„ 
which is characteristic of vascular plant inputs. The n-alkanols and n-alkanoic 
acids pattern present Cm„ at C26 and CJg. Important photochemical products like 
pinonic acid and nopinone were identified having the maximum levels during day 
and the minimum during night. 

ASSESSMENT OF PRIMARY AND SECONDARY BIOGENIC 
COMPOUNDS IN EMISSION FLUXES FROM AN ORANGE 
FIELD NEAR BURRIANA, SPAIN 

Ciccioli, P(l), Seufert G. (2), Valentini R. (3) 
(1) CNR-Istituto Inquinamento Atmospherico, Via Salaria Km 29.300, 1-00016 
Monterotondo Scalo (Roma), Italy; (2) CEC Joint Research Centre, Environment 
Institute, 1-21020 Ispra (Va), Italy, (3) Department of Forest Science and Resources, 
University of Tuscia, Via S. Camillo de Lellis, 01100 Viterbo - Italy 

In the frame of a mesoscalic experiment performed in June 1997 as part of the BEMA 
project, (Biogenic emissions in the Mediterranean), we measured fluxes of volatile 
organic compounds above and within a Citrus orchard by means of the TREA (trap 
enrichment relaxed eddy accumulation) in comparison with the enclosure method. 
During this period in early summer, when almost no flowers and fruit were present on 
the trees, emissions observed in zero air enclosures consisted mostly of limonene from 
the soil and of ß-caryophyllene from the leaves. In addition, a couple of other terpenoids 
were emitted from both sources. TREA fluxes observed directly above the soil were 
consistent with enclosure measurements and confirmed limonene as the dominant 
compound emitted from soil covered with leaf and fruit litter. In contrast, highly 
reactive compounds like ß-caryophyllene emitted from foliage could not be observed in 
above canopy fluxes, in accordance with their fast chemical transformation observed in 
laboratory studies. Upward fluxes of volatile carbonyls could explain some of the 
missing carbon, but exact separation of biogenic and anthropogenic origins of carbonyls 
as the most abundant VOC in ambient air needs further clarification. 

SEASONAL CHANGES IN AVOCS- BVOCS AND VOLATILE 
CARBONYL AIR CONCENTRATIONS IN THE CASTELLON PLAIN 
DURING 1997. 

MT. Bomhof-Mingarro (11.1. Bravo (1), S. Cosin, (2), S. Garcia (3), R. 
Perez-Pastor (3), M.A. Peiez (1) and M.J. Sanz (1) 
(1) CNSA 
(2) Fundacion C.E.A.M. 
(3)CIEMAT 
tbombofcs.isciii.es 

The complexity of air mass dynamics in the Mediterranean has already 
been documented in several EU research projects conducted in the area 
since 1989 (MECAPIP.REACAPMA, SECAP). It is now clear that the 
recirculation processes involved, in which new emissions (NOx and 
other precursors) are incorporated, strongly influence the daily and 
spatial ozone patterns in the Mediterranean. In this sense the BEMA 
project's main goal is to study the contribution of different types of 
emissions, but especially the biogenic ones, to tropospheric ozone 
formation. It is important to notice that due to Mediterranean climatic 
conditions strong seasonality is developed, thus the study of seasonal 
changes in biogenic emissions is expected. For this reason, and as a 
complementary exercise to the BEMA spring and summer campaigns in 
Castellon, the air concentrations of VOCs and volatile carbonyls were 
analysed weekly during 1997at three BEMA sites in the Castellon Plain 
at different distances from the seashore (5Km, 20 Km and 40 Km). 
Results show that carbonyls are more abundant than other volatiles. And 
when VOC's are considered, the anthropogenic comparment is quite 
abundant indicating that the area is under anthropogenic influence. 

COMPARISON OF TWO FLUX MEASUREMENT TECHNIQUES 
FOR BIOGENICALLY EMITTED VOC 

S. Cieslik and L. Dutaur, B. Larsen (Environment Institute, Joint Research 
Centre, Ispra, Italy) 
S. Darmais, V. Simon, L. Torres (Ecole Nationale Superieure de Chimie de 
Toulouse, France) 

Vertical fluxes of a series of monoterpenes emitted by orange trees along the 
Spanish Mediterranean coast have been measured in the atmospheric surface 
layer in June 1997 by two techniques simultaneously: the relaxed eddy accu- 
mulation (REA) and vertical gradient (VG) methods. In both approaches, the 
products to be analysed were trapped on Tenax-TA coated steel tubes and 
subsequently analysed by GC-MS. The concentrations obtained were treated 
in combination with micrometeorological observations made by sonic anem- 
ometers. Regarding the gradient measurements, fluxes were calculated using 
concentration differences between the three possible combinations of the three 
sampling levels located at 4, 7 and 12 m a.g.l. The three values were gener- 
ally similar and showed a good agreement with those obtained by the REA 
method. This seems to indicate that the influence of chemical destruction on 
the observed monoterpene fluxes was not important. This effect can be invest- 
igated by calculating the Damkohler number, i.e. the ratio of the dynamic and 
chemical characteristic timescale by considering that the chemical destruction 
pathways for monoterpenes occured through reactions with ozone and OH, the 
values obtained for the Damkohler number were all lower than 0.05, confirming 
the low influence of chemical destruction on the flux measurements. 
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APPLICATION OF THE MESOSCALE METEOROLOGY- 
CHEMISTRY MODEL TVM-LCC/RACM TO THE STUDY OF 
BIOGENIC EMISSIONS 

C. Cuvelier and P. Thunis (Environment Institute, Joint Research Centre, 
Ispra, Italy) 

Due to its deleterious effect on human health, agricultural crops and forest eco- 
systems, tropospheric ozone continues to be of significant concern world-wide. 
The fundamental question to solve in environmental atmospheric chemistry is 
the following: "To reduce tropospheric ozone levels in impacted urban, suburban 
and rural areas, should one control VOC, NOx, or both simultaneously, and to 
what degree?". The same question holds for other air polluting compounds, such 
as benzene, PAN, PAH and organic particles). The potential importance of bio- 
genic VOCs (in relation to anthropogenic VOCs) for ozone control strategies is 
evident from the suggestion that the BVOC emissions may be so large that even 
a 100 % control of AVOCs would not be sufficient to meet air quality standards. 
In the present work TVM coupled to two different chemical schemes LCC and 
RACM is applied over the region of Burriana (near Valencia) to model the 
data collected during the June 1997 campaign. The evolution of the ozone and 
other compounds is described and the impact of different biogenic emissions is 
evaluated. 

SEASONAL VARIATION OF THE VOC EMISSION RATES OF 
BOREAL BROAD-LEAFED TREES 

Hannele Hakola. Janne Rinne and Tuomas Laurila 
Finnish Meteorological Institute, Air Quality Research, Sahaajankatu 20 E, 
FIN-00810 Helsinki, Finland, 
hannele.hakolaCfmi.1i/Fax: [+358] 9 1929 5403 

The monoterpene, isoprene, and light hydrocarbon emission rates of few 
broad-leafed trees (e.g. silver birch (Betula pendula) and downy birch (Betula 
pubescens)) were measured during two growing seasons 1996 and 1997 in the 
boreal vegetation zone using the dynamic flow-through technique. Monoter- 
pene emission rates were significant soon after the leaves had opened in May. 
After few days the emissions decreased considerably being very low in June. 
The emission rates increased again at the end of June when the leaves were 
fully expanded. Birches continued to emit terpenes until the end of August. 
Compared to silver birch the emission rates of downy birch varied more from 
day to day both in quantity and quality. The main terpene species emitted 
were Q-pinene and 3-carene in May and June and ocimenes and sabinene in 
July and August. The terpene emissions were dependent on temperature. Sil- 
ver birch emitted small amounts of light hydrocarbons (ethene, propene and 
1-butene) soon after leaves had opened. Birches emitted only minor amounts 
of isoprene. 
This work is part of the BIPHOREP-project aimed to quantifying biogenic 
VOC emissions in the boreal vegetation area. 

A CONCEPTIONAL MODEL TO ASSESS BIOGENIC AND 
ANTHROPOGENIC OZONE FORMING POTENTIALS FOR 
MECKLENBURG-VORPOMMERN, GERMANY 

Sabine Eckert & Otto Stüdemann (Universität Rostock, Fachbereich Landeskultur und 
Umweltschutz, AG Angewandte Meteorologie und Klimatologie, J.-v.-Liebig-Weg 6, 
D-18051 Rostock), stuede@agr.uni-rostock.de/FAX:+49-381-4982188 

Based on the knowledge about (he genesis and about the spatial heterogeneity and temporal 
variability of ozone episodes at (he southern Baltic Coast a conceptional model of ozone 
forming potentials is derived Starting point for this model is the landscape ecological axiom 
formulated by the authors. Characteristics and assessments of the weather situation, of thermal 
affected air changing processes and the ecosystem patterns are inputs of die model. Especially 
biogenic precursors (VOC) are reponsable for die autochtone ozone production in 
Mecklenburg-Vorpommem usually at light winds and intense solar radiation. The background 
NO, may not be important because it refers to supraregional processes of distributioa Emission 
rates of VOC of various crops and trees in Mecklenburg-Vorpommem were estimated during 
the POPCORN-project 1994. Wind speeds and wind directions formed a „cachment" for die 
formation of ozone at local level With the help of a fuzzy-system including emission rates, 
proportionate area of high emitting plants and emission rates of anthropogenic sources different 
ozone forming potentials are developed for three representative sites. Furthermore statistic 
parameters of stochastic time series of the ozone concentration within ozone episodes and 
the synchronous meteorological data are necessary for the fuzzy-model. Digital 
maps of ozone forming potentials should be a constituent of subregional landscape 
ecological frameworks in Mecklenburg-Vorpommem. 

TERPENOID EMISSION FROM CITRUS SINENSIS (L.) OSBECK UNDER 
DROUGHT STRESS 

U. Hansen (1.2) and G. Seufert (2) 
(1) preserft-addr.: Institut f. Biologie, Humboldt-Universität zu Berlin, Deutschland 
(2) European Commission / JRC Ispra, Environment Institute, Italy 
ute=hansen@biologie.hu-berlin.de 

In the Mediterranean area orange plantations are common. Since periods of soil 
dryness are typical for the climate of Southern Europe, drought stress can be 
assumed to be a factor influencing the overall emission of terpenoids in this area. 
In order to investigate the relationship between the water status of Citrus sinensis 
and terpenoid emissions, monoterpene and sesquiterpene emission rates from a 
branch of a young orange tree were followed during a drought treatment and 
subsequent recovery. Terpenoid emissions from Citrus sinensis leaves consisted 
mainly of the sesquiterpene toa-caryophyllene and the monoterpene trans- 
ocimene, other terpenoids were found in traces. During high light and temperature 
periods both compounds were emitted at highest rates, whereas nearly no emission 
was found in the dark. The emission pattern in response to changes in light and 
temperature was found to differ between frefa-caryophyllene and frans-ocimene: 
During the first nine days without water a close relationship between the emission 
rate and air temperature was found for fcefa-caryophyllene but not for trans- 
ocimene. The data show that severe drought stress reduces terpenoid emissions 
from leaves of Citrus sinensis. When the leaves lost turgescence the emission rate 
of iwra-caryophyllene was only 8.4% and the rate of iranj-ocimene 6.7% of the 
maximum rate detected at the beginning of the experiment. 

LAND USE CHANGE AND BIOGENIC HYDROCARBON EMISSIONS 
FROM MEDITERRANEAN AND SAVANNA LANDSCAPES 

Alex Guenther, Bill Baugh, Jim Greenberg, Peter Harley, and Lee Klinger 
National Center for Atmospheric Research, PO Box 3000, Boulder CO USA 80307 
Email: guenthenjjucar.edu, Fax: 303 4971477 

Vegetation produces and emits hydrocarbons that have a significant impact on the 
chemical composition of the atmosphere. The magnitude and relative abundance of 
these compounds are highly dependent on plant species distributions and vary 
considerably among different landscapes. Changes in species composition and total 
biomass density can therefore result in significant changes in landscape-average 
hydrocarbon emission rates. We consider how human activities have modified 
hydrocarbon emissions from Mediterranean and savanna landscapes in Europe, 
North America and Africa. Changes in species composition include decreases in 
native species, increases in a native species, and the introduction of exotic species. 
Human activities that change plant species composition include the obvious, such as 
the clearing of native vegetation followed by extensive planting of introduced 
agricultural plants, and less obvious ones resulting from grazing and other land 
management practices. Estimates of current and historical plant species 
distributions are combined with emission factors for individual plant species to 
determine changes in landscape-average emission rates. The results indicate that the 
relative composition of the total VOC emission can be greatly changed. In addition, 
it is estimated that human activities in some landscapes have lowered total emissions 
while higher total emissions have resulted in other landscapes. 

MONOTERPENE EMISSIONS FROM RAPE: LIMITATION BY DMAPP / IPP 
AVAILABILITY 

A. C. Heiden (1), D. Kley (1), G. Schuh (2) & J.Wildt(l) 
(1) Institut für Chemie der Belasteten Atmosphäre, Forschungszentrum Jülich, D-52425 
Jülich, FRG, j.wildt@fz-juelich.de, Fax:+49-2461-5346 (2) Present address: GSF, D- 
85785 Oberschleißheim, 

Monoterpene emissions from several plant species are affected by temperature as well 
as by light intensity. These dependencies are described by a general algorithm 
considering two different mechanisms: Emissions from pools as well as emissions in 
parallel to biosynthesis (Schuh et al. 1997). For rape plants we found that the emissions 
in parallel to biosynthetic activity by far exceed those from pools. Isoprene and 
monoterpene emission rates are correlated and the emissions of all compounds are 
described with the same values for the individual parameters'of the algorithm. We 
conclude that the monoterpene emissions from rape are limited by steps until DMAPP / 
IPP production. Thus, for light fluxes far above the compensation point of CO, uptake, 
the yield of DMAPP / IPP production rate can be calculated by comparing the total 
carbon emission (isoprene, mono-, and sesquiterpenes) to that of COj-uptake. This yield 
is independent of light intensity but dependent on temperature. At a given temperature a 
constant fraction of the carbon taken up by rape plants is used for the biosynthesis of 
monoterpenes. Increasing temperature leads to an increase of this fraction. Exposure of 
rape plants with ozone at high concentrations leads to a significant decrease of this yield 
implying that the biosynthetic pathways of monoterpene production in rape plants is 
directly affected by ozone exposure at high concentrations (130 -180 ppbV). 
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A smog chamber study on the formatton of aerosol and gaseous products by the 
photo-oxidation of monoterpenes 

UUQB3H (1), O. HOWE (2), N. R. JENSEN (1), B. R. LARSEN (1), P. NEEB 
(2), H. PLAGENS (3), M. SPITTLER (3), L. RUPPERT (3), R. VAN DINGENEN 
(1), A. VIRKKULA (1), R WINTERHALTER (2), K. WIRTZ (4) 
(1) EC, Joined Research Centre, Environment Institute, 1-21020 Ispra (VA), Italy 
(2) MPI für Chemie, Atmospheric Chemistry Division, Mainz, Germany (3) 
Physikalische Chemie,  Bergische Universität  -  GH Wuppertal,  Wuppertal, 
Germany, (4) Centre de Estudios Ambientales del Mediterraneo, Valencia, Spain. 
jens.hjorth@jrc.it/Fax: +39 332 785837. 

A series of experiments have been carried out in the European Photoreactor 
(EUPHORE) in Valencia, Spain, to study the formation of aerosol and gaseous 
products bom the photo-oxidation of o-pinene, ß-pinene and limonene in air in the 
presence of high or low NO,-concentrations. Also the reactions of the same 
terpenes with ozone alone were investigated as well as the influence of humidity 
and of addition of an OH-scavenger on these reactions. In some experiments, an 
inorganic seed aerosol was added. The initial terpene concentrations were between 
10 ppbV and 1000 ppbV. Aerosols were characterized with respect to their number 
and size distributions, their hygroscopicity and some of their chemical components. 
The results allowed to study the equilibrium between semivolatile products in gas 
phase and in particles which lead to an increase in the fractional aerosol yield with 
increasing amount of reacted terpene. The particles formed by photo-oxidation as 
well as by ozonolysis were found to be only slightly hygroscopic. 

BIOGENIC VOCS IN CONTINENTAL NORTHERN EUROPE - 
CONCENTRATIONS AND PHOTOCHEMISTRY 

Tuomas Laurila. Hannele Hakola and Virpi Lindfors 
Finnish Meteorological Institute, Air Qualitv Research. Sahaajankatu 20 E, 
FIN-00810 Helsinki, Finland. 
tuomas.laurilaCfmi.fi/Fax: [+358] 9 1929 5403 

Biogenic emissions of volatile organic compounds and their role in the photo- 
chemistry have been a special research focus in northern Europe during the 
past two years. The project 'Biogenic VOC emissions and photochemistry in 
the boreal regions of Europe' (BIPHOREP) aims at the quantification of bio- 
genic VOC emissions and their effect on photochemistry. This presentation 
gives an overview of ambient air concentrations of biogenic and anthropogenic 
light hydrocarbons and monoterpenes at representative sites. Concentrations of 
biogenic species show a strong midsummer maximum which is consistent with 
the seasonal cycle of emissions. Factor analysis of the concentrations measured 
during the growing season clearly discriminates between anthropogenic species 
with different lifetimes and the biogenic ones. The effect of biogenic species on 
photochemistry was studied using a photochemical trajectory model. In mod- 
elling scenarios the air mass was advected over forested regions and also over 
regionally important anthropogenic sources giving varying levels of biogenic 
and anthropogenic precursors. Results of the model runs will be presented as 
development of concentrations of the so called "indicator species", showing the 
relative importance of anthropogenic and biogenic species and the VOC or N'Ox 
sensitivitv of ozone formation. 

A REA SYSTEM FOR MEASUREMENTS OF VOC FLUXES 

N.O. Jensen1. M. Courtney1, P. Hummelshoej1, C.S. Christensen2 and 
B.R. Larsen3 

1) Wind Energy and Atmospheric Physics Dept., RISOe, Roskilde, 2) 
Dept.  of Atmospheric Environment, NERI, Roskilde, 3) Environment 
Institute, JRC, Ispra 
n.o.jensen@risoe.dk/Fax: +45 46775970 

The relaxed eddy-accumulation (REA) system described here is unique 
in its design: it has the collecting devices (e.g. tenax tubes) in front 
of the REA switches and the sampling pumps while at the same time 
maintaining a steady flow through the collectors. This is realized by 
having two primary flow lines (teflon tubes) with relatively large flow 
rates subject to the switching of the REA system. The sample air is then 
drawn at a constant and much lower rate from these lines. The software 
driving the REA system is also unique: it uses a dynamic "dead band" 
the width of which is a fraction of the current turbulence level. The 
empirical consequence of this is that the so-called /3-factor becomes a 
constant, independent of for example atmospheric stability. Examples 
of VOC fluxes measured above an orange plantation during the BEMA- 
97 campaign in Burriana, Spain, is presented. 

STUDY OF MATTER AND ENERGY TRANSFERS BY AIRPLANE 
MEASUREMENTS DURING THE BEMA CAMPAIGN (BURRIANA - 
SPAIN) 

A.Lopez. N. Anastasio, J.L Attie, J.M. Brüstet, P. Durand. J: Fontan. V. Pont 
Lab. Aerologie. UMR UPSCNRS: 5560. 14 Ave E. Belin- 31400 Toulouse- France 

One of the aims of BEMA campaignperformed in BURRIANA (Spain) is to 
quantify the influence of natural hydrocarbon emitted by the vegetation on the 
atmospheric chemistry, especially on variations of ozone. To reply to this objective, 
it is necessary to know the different terms of the bilan equation , as well as initial 
conditions and boundary conditions of the studied area, influenced by the coastal 
breeze development. Airplane measurements of field concentration and field fluxes 
have been achieved during the campaign. We present the methodology developed 
for the measure of vertical turbulent fluxes from aircraft, considering the 
heterogeneity of the experimental zone. The fluxes surface measurements near 
the ground allow to estimate the term of deposition of the ozone on the ground and 
the vegetation. Flux measurents atop the internal boundary layer allow to estimate 
the intensity of matter transfers inside the breeze cell. Fluxes of ozone are compared 
to fluxes of particles, latent and sensitive heat. 

ENCLOSURE APPROACHES FOR THE DETERMINATION OF TERPENOID 
EMISSIONS FROM VEGETATION 

J. Kesselmeier (1), MStaudt (1,2), A. Wolf (IX G. Seufert (2), R Botin (2), U. Hansen (2), 
P.Cicciolli (3), E. Brancateoni (3), M. Frattoni (3), L. Torres (4), L. Luchetta (4), V. Simon (4) 

(1) Max-Planck-Institut fir Chemie, Abi. Biogeochemie, Mainz, Germany, (2) CEC-Joint 
Research Centre, Environment Institute, 1-21020 Ispra (Va), Italy, (3) Istituto sulr Inquinamento 
Atmosferico del C.N.R., Area della Ricerca di Roma, Monterotondo Scalo, Italy, (4) Institut 
National Polytechnique, Ecole Nationale Superieure de Chimie de Toulouse, Chimie Energie et 
Environnement, Toulouse Cedex, France 

Within the BEMA project (Biogenic emissions in the Mediterranean Area) we investigated the 
emission of isoprene, monoterpenes and some sesquiterpenes from a variety of tree species, 
such as Ouercus ilex, Pinus pinea and Citrus sinesis. Within these studies different 
enclosure techniques (cuvetlcs) were used. The tree species differed significantly in 
terms of emission quantities as well as qualities. We «ill present emission data obtained 
with cuvettes flushed with air of different qualities such as ambient air. purified 
(activated charcoal) air and ozone free air (Ozone scrubber). The data show the need to 
protect highly reactive terpenoid species against ozonolysis already within the cuvette in 
order to detect their emission. This need is especially important to describe the primary 
emission rates from trees like Orange and Pine, as these tree species »ere found to 
release the most reactive terpene species. Our findings are discussed with respect to the 
chemical reactivity of the terpenoid species emitted, and to implications for emission 
inventories and for measurements of BVOC fluxes above canopies. 

ECOPHYSIOLOCICAL CHARACTERIZATION OF CITRUS SINENSIS (L.) 
OSBECK AND RELATIONSHIPS WITH TYPE AND AMOUNT OF BIOGENIC 
EMISSIONS 

Manes F (1)., Seufert G. (2), Vitale M. (3), Donato E (1), Csiky O. (2), Silli V. (1) 

(1) Department of Plant Biology. University of Rome " La Sapienza" Italy. (2) CEC- 
Joint Research Centre. Environment Institute. Ispra (VA) Italy. (3) University of 
Molisc. Isemia. Italy 

In a previous study we got some hints that emission rates are related to functional 
indices of drought adaptation. Plant species emitting monoterpenes or isoprene from 
current metabolism can well be separated from plants emitting from internal reservoirs. 
This work reports the ccophysiological and emission data obtained during the B.E.M. A 
campaigns held in Burriana (Spain) on orange groves which highlight one of the factor 
that could influence the type and amount of biogenic emissions. Moreover this 
knowledge could be useful in modelling studies based on a integration approach at 
different scales In particular this factor is related to the leaf/canopy level and can be 
synthesized in the low photosynthetic performance that seems to characterize the 
species Moreover, the low transpiration rate may influence the leaf temperature and 
related processes. In general, a low value of E/A ratio, i.e.. emission rates per 
assimilation rates, for citrus are related to an efficient control of leaf transpiration 
notwithstanding the periodical flooding of the orange grove that kept the soil in a good 
water condition. The relationships between ecophysiological results and terpenoid 
emissions are also discussed. 
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OBSERVATIONS OF BIOGENIC AND ANTHROPOGENIC ISMHC 
IN ATHENS DURING THE PAUR CAMPAIGN 

B. Rappenglück (1). P. Fabian (I) 
(l) Lehrstuhl fur Bioklimatologio und Immisionsforschung, University of 
Munich 
rappcnglucck<fi;mct. forst.uni-mucnchcn.de 

Within the PAUP campaign measurements of on-line NMHC including both 
biogenic and antluopogenic compounds took place at a suburban site in the 
Greater Athens Area during May and June 1996. 
Due to rather strong and persisting NW-\vind patterns during.the entire 
PAUR campaign overall low NMHC mixing ratios compared to previous 
studies in the Athenian Area were encountered. However, this gi\es the 
•"•• ■wirtunity to investigate "background" situations within an urban area that 

x directly located in the urban plume under these specific almost 
uristant meteorological conditions. In addition this site may also be 

influenced by rural air masses. These air masses usually arc marked by- 
constant background levels of ozone Thus observations of diurnal 
variations of biogenic and anthropogenic NMHC primarily reflect different 
emission scenarios throughout the day. Relationships between specific 
NMHC will be shown and their possible impact on the formation of 
photooxidants will be discussed. 

A BIOGENIC VOC EMISSIONS INVENTORY FOR GREECE 

P. Simeonldis. G. Sanida. I.Ziomas and K. KourWis 
(Laboratory of Atmospheric Physics, Campus Box 149, Aristotle University 
of Thessaloniki, 54006 Thessaloniki. Greece) 

A biogenic emissions inventory with a 5X5 km spatial resolution for isoprene 
and monoterpenes for Greece was constructed, using the GRASS4.1 
Geographical Information System (GIS). The CIS system calculates the 
emission rates of monoterpenes and isoprene from vegetation spatial 
speciation and species biomass, spatial climatological solar radiation and 
temperature values, and emission/correction factors. The temporal 
resolution is one hour. Two different methodologies ware applied for the, 
calculation of emissions: The first uses the emission factors of Guenther et 
al. (1994) and the correction factors of Guenther et al., (1991) and Pierce et 
al (1990). wtiile the second one utilises the CORINAIR (1988) methodology. 
Typical emission rates calculated using the:former emission/correction 
factors for forested areas for isoprene and monoterpenes were 0.5-2 kg km" 
day"' and 5-20 kg km'3 day"1, respectively, during January and 10-50 kg km'1 

day"' and 10-50 kg km5 day'1, respectively, dunng July. Higher values than 
the ones above are calculated for a number of forested areas of limited 
extend. The application of the CORlNA<R methodology leads to 
unrealistically high values (up to two orders of magnitude higher than the 
former methodology). Results on the temporal and spatial variation of 
biogenic emissions in Greece are presented for the months of July and 
January. 

VERTICAL FLUXES OF MONOTERPENES ABOVE A SCOTS 
PINE STAND IN THE BOREAL VEGETATION ZONE 

J. Rinne, H. Hakola and T. Laurila 
Finnish Meteorological Institute, Air Quality Research, Sahaajankatu 20 E, 
FIN-00810 Helsinki, Finland. 
janne.rinneCfmi.fi/Fax: [+358] 9 1929 5403 

In many parts of the boreal vegetation zone biogenic emissions of VOCs are 
estimated to exceed the anthropogenic emissions. Due to the abundance of 
coniferous trees monoterpenes are of great importance to the VOC reactivity 
in northern Europe. 
As a part of the BIPHOREP-project, a micrometeorological measurement cam- 
paign was conducted in eastern Finland on July and August 1997. The forest 
in the measurement site was composed mainly of Scots pine (Pinus syluestris). 
The vertical fluxes of monoterpenes were measured by the micrometeorologi- 
cal gradient method. Monoterpenes were sampled into Tenax absorbent using 
two automated samplers situated above the forest canopy. The turbulent ex- 
change coefficient was obtained by universal flux-gradient relationships using 
eddy covariance measurements of momentum and sensible heat fluxes. 
The most abundant monoterpene at the measurement site was o-pinene. Other 
monoterpenes observed include carene. tf-pinene and camphene. The vertical 
fluxes of these compounds will be presented and compared to the meteorological 
factors. 

EFFECT OF LIGHT AND TEMPERATURE ON THE EXCHANGE OF 
GASEOUS FORMIC AND ACETIC ACID FROM ORANGE FOLIAGE 
(CITRUS SINENSIS L.) 

M. Staudt. A Wolf and J. Kesselmeier 
Max-Planck Institute for Chemistry, Biogeochemistry Dept. P.O. Box 3060, 55020 
Mainz, Germany 
staudt^mpch-mainzmpgde 

It is widely accepted that gaseous acids can be emitted as well as be taken up by 
foliage of plants but little is known about the influence of environmental factors on 
the exchange process In a laboratory study we investigated the effect of 
temperature and light on acid exchange of orange foliage by means of a dynamic 
enclosure system flushed with humidified air containing only low amounts of acids. 
Mixing ratios of acids inside enclosure ranged from 0.1 to 3 ppbv and emission 
rates at 30 °C and 1000 umol photons m'2 s'were about 0.05 nmol m': projected 
leaf area s'1 for acetic acid and about 0.1 nmol m': s"1 for formic acid. No significant 
net acid uptake could be observed. Emission responses to temperature and light 
treatments showed variable patterns especially for formic acid but a clear positive 
influence of light could be established. Our findings indicate that acid release is 
positively related to leaf water flux and further promoted by a process expressing 
diurnal rhvthm. 

B 

A TEMPORAL-SPATIAL SOLAR RADIATION MODEL TO DRIVE 
BIOGENIC EMISSIONS FROM SPARSE VEGETATION AND OVER 
COMPLEX TERRAIN 

G. Schaab1", R. Lenz'" & M. Sharma,;i 

(1> FH Nürtingen. Institut für angewandte Forschung. Am Schelmenwasen 4-8. D- 
72622 Nürtingen. schaab@fh-nuertingen.de 
m GSF- Gesellschaft für Umwelt und Gesundheit mbH, Institut für Biomathematik 
und Biometrie, Ingolstädter Landstr.l, D-85758 Neuherberg 

The diurnal and seasonal emission course from plants is controlled by light and 
temperature. The pattern of light incident on a surface changes not only temporally 
but also spatially. This is most obvious in cast shadows. To evaluate the effects on 
the amount of BVOCs caused by the 3-dimensiohal surface, a profound solar 
radiation model (SORAM) was set up within a GeoInformationSystem. Surfaces 
either representing a canopy, a stand or a terrain are input as digital elevation 
models. Routinely measured meteorological data are used to determine the 
transmissivity of the atmosphere. The limitation of the horizon is accounted for as 
well as the cloud coverage paying appropriate attention to the diffuse component of 
radiation. Direct and diffuse radiation are separately handled within the light 
extinction module of the model. Temperature values can be linked to the radiation 
output enabling the modeling of biogenic emissions according to the light and 
temperature regime. Results are presented for the BEMA-testsites including 
comments on the database and algorithms used. Finally, the results are compared to 
considering a 2-dimensional surface only and the sensitivity of the model shown in 
regard to the suface's slope and orientation. 

SEASONAL CHANGES IN AMOUNT AND COMPOSITION OF 
MONOTERPENES EMITTED BY YOUNG PINUS PINEA TREES 

M. Staudt (I). N. Bertin (1). B. Frenzel (2) and G. Seufert (1) 
(1) Environment Institute. JRC-Ispra, 21020 Ispra, Italy (2) Institute of Botany. 
Univ. Hohenheim. 70593 Stuttgart. Germany 
staudt!gjnpch-mainz.mpg.de 

The accuracy of emission inventories estimating the annual release of terpenes from 
vegetation, is partly limited by our insufficient knowledge of the natural temporal 
variation of emissions. Up to now. it is simulated in all inventories by models 
depicting the short-term effects of light and temperature, but neglecting long-term 
effects like seasonality. We studied the emission development of young Pinus pinea 
trees during a 16-month enclosure and compared the results with 3 current models 
on light and temperature influences. Total annual amount per leaf area was about 
1.3 mmol m"~ a'1. Mean daytime emission rates were about 1 pmol m'2 s"' in mid 
winter and about 200 pmol m"; s"' in mid summer. Seasonal changes in emission 
amount »ere accompanied by substantial changes in emission composition. 
Emissions during sunlit hours in summer were dominated by reactive acyclic 
terpenes that were not emitted at night and in winter. Emission normalisation by 
models reduced the winter to summer difference by a factor of 10 only, indicating 
that a great part of the long-term variation was due to seasonal changes of the 
emission capacity. Thus seasonality can cause considerable errors when emission 
rates measured in one season are extrapolated for the whole year. In case of P. 
pinea. prediction of annual emissions based on summer measurements would lead 
to an overestimation of at least 100 %. 
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MONOTERPENE EMISSION FORM SOILS IN ORANGE PLANTATIONS IN 
THE VALENCIAN CITRUS BELT, SPAIN. 

Rainer Steinbrecher (1), Guenther Seufert (2), Marlene Duerr (2), Karin Hauff (1), Joerg 
Roessler(l) 
(1) Fraunhofer-Institut Atmospheric Environmental Research (IFU), Kreuzeckbahnstr. 
19, D-82467 Garmisch-Partenkirchen (2) CEC-Joint Research Centre, Environment 
Institut, 1-21020 Ispra (VA) 

During a campaign of the BEMA-project (Biogenic Emissions in the Mediterranean 
Area) in the Citrus belt of Valencia, Spain, emission rates of monoterpenes from the soil 
were determined in two orange plantations using the dynamic cuvette technique 
combinded with online and off-line GC-technique. Main tree species were Citrus 
sinensis and Citrus clementii. The typical pattern of monoterpenes from the soil surface 
were: limonene » sabinene > p-cymene/1,8 cineol > myrcene > d3-carene > a-pinene 
> ß-pincnc. By comparing different soil plots it became obvious that the emission from 
soil was caused by the organic layer on the surface. After removing the organic material 
the emission of limonene was reduced to 26 %. This remaining emission can be traced 
to adsorbed terpenes on particles in the upper soil layer. After carrying off 3 cm of the 
upper soil no emissions were measurable.The terpene emission from detached fruits 
laying on the ground compared to the emission of detached leaves on the ground was 
3.5 times higher. Both in Orange and Mandarin fields, the emission rates from soils 
covered with representative litter under the tree canopies were about 100 times higher 
than from bare soils between the rows. The emission of terpenes was mainly controlled 
by the surface temperature. Our findings are discussed with respect to the assessment of 
overall emissions from orange fields. 

AEROSOL FORMATION IN GAS-PHASE MONOTERPENE 

OZONOLYSIS AT NEAR-ATMOSPHERIC CONCENTRATION 

Richard Winterhalter. Peter Neeb, and Geert K. Moortgat 

Max-Planck-Institut für Chemie, Division of Atmospheric Chemistry 

P.O.Box 3060, D-55020 Mainz, Germany 

Ozonolysis of the monoterpenes a-and ß-pinene, limonene, terpinolene, sabinene, 
and 3-carene was performed at low initial concentration (4 - 50 ppbv monoterpene). 
The formation of particles with a diameter >10nm was monitored with a 
condensation particle counter (TSI 3010). It was found that a conversion of less 
than 2 ppbv is sufficient to observe the formation of particles in case of sabinene, 
ß-pinene, and limonene. In order to examine a possible relationship between 
monoterpene structure and its nucleation rate, the onset of particle formation for the 
different monoterpenes was investigated at comparable initial rates 
(k(03)*[monoterpene]o*[03]o = constant). The ability of the different monoterpenes 
to form condensation particles was found to be more efficient for exocyclic (e.g. 
ß-pinene) than for endocyclic monoterpenes (e.g. a-pinene). This structure- 
relationship was also observed for the exocyclic model compound methylene- 
cyclohexane, forming much more particles than the endocyclic 1-methyl- 
cyclohexene and cyclohexene. The identification and quantification of the products 
of monoterpene ozonolysis was performed at high initial concentrations (3 ppmv 
monoterpene) and analyzed by FTIR and ion-chromatography. The formation of 
dicarboxylic acids and their role as possible aerosol precursors will be discussed. 

THE C1- AND C2- ORGANIC ACID AND ALDEHYD EXCHANGE OF 
LICHENS IN THE BOREAL ZONE OF EUROPE 

B. Wilske. J. Kesselmeier 
Max Planck Institute for Chemistry, Biogeochemistry Department, Mainz, Germany 
wilske@mpch-mainz.mpg.de 

Within the BIPHOREP project (Biogenic VOC emissions and photo- 
chemistry in the boreal regions of Europe) we focus on the role of lichens in 
trace gas exchange between atmosphere-biosphere. Lichens are one of the 
most characteristic elements of boreal forests and contribute significantly to 
living vegetation biomass, increasing from the boreal towards the arctic 
region. In contrast to numerous studies on trace gas exchange with boreal 
trees lichens are only poorly investigated. Therefore, we focused on the ex- 
change of organic acids and aldehydes between lichens and atmosphere. 
Several lichen species have been screened under climate chamber 
conditions. Controlled simulation of natural conditions was important to 
overcome the problems that result from trace gas measurements with 
poikilohydric organisms in cuvette enclosures. Using a cryogenic trapping 
technique for organic acids followed by Ion chromatography analysis we 
detected a deposition of formic acid to lichens depending on thallus water 
content. Investigation of Aldehyde exchange (DNPH-cartridges, HPLC) 
revealed a small and time limited emission of acetaldehyde. We will discuss 
first results and give estimates for the potential contribution from the lichen 
vegetation to the boreal forest exchange of these VOCs. 

OA17 Climate     variability:     models     and 
observations   (joint   with   SE)  Overview 
session 

Convener: Komen, G.J. 

CLIMATE VARIABILITY DEDUCED FROM THE MODERN 
AND PALEOCLIMATIC RECORDS 

J. C. DUPLESSY 
Centre des Faibles Radioactivites. Laboratoire mixte CNRS-CEA. Pare du CNRS. 
F-91198 Gifsur Yvette cedex. FRANCE 

CLIVAR and EUROCLIVAR diagnostic studies will rely upon 
existing records of instrumental data and proxy-data derived from 
paleoclimatic indicators. As the instrumental record is short and 
documents only a few examples of climatic events with interdecadal 
time scales, diagnostic studies of climate variability will rely, in a 
fundamental way. upon paleoclimatic proxy-data. The seasonal to 
centennial variability of the climate system can be deduced by 
annually-laminated sediments, corals which grow at rates of 
millimeters per year and produce annual growth bands, tree rings 
which develop in areas of large seasonality, and ice records of s'sO, 8 
D and conductivity. The decadal to centennial variability of the 
climate system is recorded in polar and tropical ice cores, in loess 
sediments and in specific areas of the world ocean characterized by 
extremely high accumulation rates. A strategy was established by the 
EUROCLIVAR scientific committee to make the best use of available 
data, to generate additional data from meteorological observations 
(both in the atmosphere and the ocean) and proxy-data, and to 
assimilate these data in climate models. 
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CLIMATE CHANGE PREDICTION AND DETECTION USING 
COUPLED CLIMATE MODELS WITHIN EUROPE 

T. C. Johns 
Hadley Centre, Meteorological Office, London Rd., Bracknell, Berks.UK. RG12 

2SY. 

Anthropogenic climate change studies within Europe using comprehensive cou- 
pled climate models have made significant advances in recent years. Recent 
improvements in models, advances in modelling studies, and some outstanding 
modelling issues are discussed, illustrated with recent results from Hadley Cen- 
tre and other European models. Established modelling centres (eg. UK Hadley 
Centre, DKRZ Hamburg) have built on experience from earlier coupled models 
to develop new models with higher resolution, better simulations of present- 
day observed climate, and allowing improved representation of anthropogenic 
forcings. At the same time, natural and anthropogenic climate forcing factors 
other than just greenhouse gases (eg. anthropogenic sulphate aerosols, varia- 
tions in solar output, and past volcanic eruptions) are increasingly recognised 
as important to include in climate change detection and attribution studies. 
Uncertainties inherent in the chain between assumptions about anthropogenic 
emissions and corresponding conclusions from climate models about global and 
regional climate changes mean that present diversity in modelling approaches 
is healthy, model intercomparison studies adding value to conclusions from any 
single model. Improving representations of clouds and eliminating artificial flux 
adjustments are two related focuses for model improvement. Model predictions 
are vital tools for the detection and attribution of climate change. Findings 
from a recent Euroclivar workshop on this topic will be summarised. 

SCALE INTERACTIONS AND GLOBAL TELECONNECTION PATTERNS. 

J.M. Slineo (Centre for Global Atmospheric Modelling (CGAM), Department of 
Meteorology. University of Reading. Reading. UK) 

The climate in a region can fce considered to be the ensemble of the weather systems 
that affect that region. The behaviour of these weather systems may be modulated on 
a range of timescales often associated with the lower frequency variability of the 
oceans. In turn, these weather systems themselves may influence that low frequency 
variability. In the tropics there is increasing evidence that scale interactions involving 
atmospheric intraseasonal variability, particularly associated with the Madden-Julian 
Oscillation and Westerly Wind Bursts, may affect the development of El Nino. The 
impact of El Nino on the climate is profound due to teleconnection patterns which 
extend over the entire globe. These teleconncctions arc recognized as major modes of 
climate variability. 

During the early months of 1997 the tropical Pacific Ocean underwent a dramatic 
transition from La Nina conditions in December 1996 to a major El Nino by June 
1997. The evolution of this event and its impact on global weather will be used to 
illustrate the importance of scale interactions and global teleconncctions as future 
priorities for research within Europe. 

EUROPEAN AND ATLANTIC CLIMATE VARIABILITY 

Mojib Latif (Max-Planck-Institut fuer Meteorologie. Hamburg. Germany) 

Natural climate variability in the extratropics occurs on all time scales, from 
interannual to centennial, and beyond. These variations, typical for the variability of 
European climate, are influenced by the oceans. They affect mean conditions but also 
the occurrence of extremes. Understanding and - if possible - prediction of these 
variations is important, also for the detection of anthropogenic climate change. 

It is recommended that Europe develop a major modelling and observation programme 
to improve understanding of the role of the Atlantic Ocean in climate. This requires 
improved observation and understanding of the modes of climate variability in the 
Atlantic region and an assessment of the degree to which these are predictable. The 
required concerted effort in ocean observation, improvement in atmospheric analyses 
and palaeo reconstructions, coordinated modelling and process studies will be 
outlined. 

CLIMATE MODELS: CURRENT UNCERTAINTIES AND FUTURE 
PROSPECTS 

H. Le Treut (Laboratoire de Meteorologie Dynamique du CNRS. Paris. France) 

Numerical Models constitute an essential tool of our discipline, necessary both to 
understand the complexity of the natural fluctuations of climate and to predict its 
future evolutions, at any time scale. Their performance . resolution, complexity has 
been steadily increasing over the last decades. Most centers now run coupled 
ocean/atmosphere models, and the inclusion of chemical or biochemical models in 
both th ocean or the atmosphere is in progress. Yet the basic uncertainty attached to 
future climate predictions (in response to the anthropogenic greenhouse effect for 
example) has not been diminished. By many respects the results of models designed 
independently is our only measure of this uncertainty. At the same time the large 
number of models may be felt as some uncessary waste of energy by the scientific 
community if it is not used in some consistent way. The presentation will review some 
of the intrisic difficulties with which modellers are being faced and will take the 
example of cloud feedbacks to illustrate the possible benefits of common model 
intercomparison or model validation exercices. The main conclusions of the Euroclivar 
panel concerning model studies will then be reviewed and opened to discussion. B 

OA17 Climate    variability:     models     and 
observations (joint with SE) 

01 West African monsoon studies 

Convener: Thorncroft, CD. 

BLOCKING SIMULATION IN GENERAL CIRCULATION MODELS WITH 
DIFFERENT RESOLUTIONS 

V.Cesari"'. S. Tibaldi,:\ E. Tosi"' 
"'ADGB-Atmospheric Dynamic Group .Department of Physics, Bologna University 
i:,ARPA-SMR, Servizio meteorologico regionale, Bologna. Italy 
e-mail: vanina@atmos5.df.unibo.it. Fax: +39 51 6305074 

Different outputs of three general circulation models (CNRM ARPEGE. UKMO and 
MPI ECHAM4), integrations at different resolutions (up tö TI06 equivalents 
triangular truncation) but with the same sea surface temperature, have been analysed 
from the point of view of blocking simulation. The analysis has been developed with 
the help of an objective blocking index based on the quantification of the zonality of 
the flux. For each model integrations, systematic errors and model variability have 
been assessed. In general all the model runs tend to underestimate blocking 
frequencies especially in the Pacific, where blocking appears more dependent on the 
oceanic forcing rather than on the internal dynamics of the atmosphere, but their 
behaviours as the resolution increases is very different. ARPEGE model is 
characterised by a strong tendency to decrease the already too low blocking 
frequency even if the position of maxima of. variability (both low and high 
frequency) is better reproduced in the high resolution run. On the contrary ECHAM4 
model shows an improving, as the resolution increases, both in space and in time 
simulations but only on the Euro-Atlantic sector. In particular the model reproduces 
realistically the interannual variability of this sector. The UKMO model has been 
found to be rather insensitive to model resolution variations .Additionally, it is the 
only model which overestimates somehow the frequency in the Euro-Atlantic sector 
at all resolutions. The yearly cycle is improved by increasing resolution but not the 
same can he said for the interannual variability. 
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LARGE-SCALE DYNAMICS AND THE WEST AFRICAN MONSOON 

Kerry H. Cook 
Cornell University. USA 
kc0tropic.ciLcarneU.edu 

The West African monsoon is discussed from the perspective of the large-scale atmospheric hydro- 
dynamics. Studies with a general circulation model and diagnosis of NCEP and ECMWF 
reanalysis products are used to understand how and why the low-level monsoon flow and the 
African easterly jet are forced, and to investigate their role in determining the precipitation 
climatology. Moisture transport and convergence within the monsoon flow is examined through a 
consideration of the moisture budget The vorticity budget is used to explain how the flow across 
the Guinean coasdine balances vortex stretching due to mid-tropospheric condensational heating, 
nereby maintaining the precipitation. The African easterly jet which is the result of strong surface 
heating at Saharan latitudes, contributes to the total vertically-integrated moisture budget over West 
Africa through its association with a moisture divergence maximum near 700 mb. This connection 
results in added sensitivity of the West African climate to land and sea surface temperatures, since 
the jet is sensitive to the large-scale meridional temperature gradient The large-scale dynamics of 
West Africa is compared with that of East Africa to suggest reasons for the observed similarities 
and differences in precipitation variability. 

Rain event climatology in West Africa .- 
Comparison from in situ and GCM outputs 

F.Delclain', J. Polcher2. and T. Lebel3 

'ORSTOM. Croupe CATCH. Delclaux»mpl.ontom.fr/Fax:33-4 6754 7106 
2CNRS- L MD, ^ORSTOM- LTHE Croupe CATCH. 

West Africa has suffered from a continuous drought for the past 30 years. In 
order to assess the impacts of this drought onto the processes conditioning 
the continental water cycle, the rainfall variability has to be studied at 
smaller scales than the usual monthly and yearly scales. Recent works based 
on in situ observations suggest that, in the Sahel. there is a dominant co- 
fluctuation between the number of rainy events and the cumulative rainfall at 
various time scales (see Lebel et al.. this session). This has strong 
implications for the hydroiogical cycle and it is therefore important to verify 
whether this feature is reproduced in GCM's used to evaluate the impacts of 
climate fluctuations onto the water resources in West Africa. A first step in 
that direction has been taken by investigating how the GCM rain event 
characteristics vary when averaged over two contrasting periods: the wet 
years 1951-1970 and the dry years 1971-1990. The fluctuations observed in 
the GCM outputs are compared to those recorded over the same 2 periods by 

. the regional network covering a 12a(latirude) x 15° (longitude) window. The 
two parameters considered here are the number of events and the mean event 
rainfall. It is found that the number of events produced by the GCM has 
decreased significantly during the dry years, as compared to what it was 
during the wet years. In that respect, the GCM conforms to the observations. 
On the other hand, the average characteristics of the GCM rain events are 
somewhat different from those of the observed rain events. The various 
reasons, mainly the sampling characteristics and the GCM parametrisation. 
that may explain these differences are discussed. 

Numerical study of interactions between a squall-line and an 
easterly wave 

A. Diongue, J.P. Lafore and J.L. Redelsperger 
(CNRM.Meteo-France and CNRS, 42 avenue Coriolis, F-31057 Toulouse. France) 

The relationship between convection and easterly waves is one of the key 
factors for understanding the west African monsoon. Up to now these inter- 
actions has been mainly studied owing to composite analysis of observations 
(Reed et al 1977) and to idealized modelling studies (Simmons 1977). On the 
other hand explicit resolution of convective systems such as squall lines, was 
restricted to limited domains of simulation without any realistic treatment 
of the initiation stage and of forcings by larger scales. Recent progresses in 
modelling and computers allow us now to treat these scale interactions more 
explicitely for some case studies. 

Here the atmospheric simulation system Meso-NH is used to simulate a 
squall line associated with an easterly wave and observed on the 22 august 
1992 during HAPEX-SAHEL in Niger. Two types of simulations are per- 
formed. First meso-/? ones (30 km resolution) initialized by the ECMWF 
analysis and fine scale surface conditions, to represent the dynamics of the 
easterly wave owing to the use of a convective scheme. These simulations are 
then used to forced and initialize the squall line explicitely resolved (2 km) 
by a second model nested in the first one. We will present the validation of 
this approach on the base of comparisons with available observations (satel- 
lite and radar imagery, precipitation and convection footprints as observed by 
HAPEX-SAHEL ground stations) 

SIMULATION AND PREDICTION OF THE WEST AFRICAN 
MONSOON 

A. D. L. Evans and M.S.J. Harrison 
NWP Division, UK Met Office, London Road, Bracknell, Berkshire, L"K. 
adevansOmeto.gov.uk 

One objective of the European Union PROVOST experiment is to estimate 
potential dynamical seasonal predictability given ideal surface boundary con- 
ditions on a global scale. To this end, the UK Met Office Unified Model (at 
climate resolution) has been integrated in 9 member ensembles initialized at 
24-hour intervals over 15 Boreal summer seasons (June to September) from 
1979 to 1993. Initial conditions from the ECMWF reanalysis as well as SST 
anomalies from the UKMO GISST and Reynold's 01 data sets were used in all 
the experiments. 
Tropical West Africa is one region chosen in order to test the capability of pro- 
viding seasonal forecasts. Probabilistic and deterministic rainfall predictability 
appear to exist over this region in the PROVOST simulations. The dynamical 
model is able to capture the interannual rainfall variability reasonably well but 
underestimates magnitudes. Since 1994, dynamical forecasts have been pro- 
duced at UKMO for tropical west Africa, the difference from the PROVOST 
runs is that persisted SST anomalies from May are used throughout. It appears 
likely that there is minimal loss in predictability through the use of persisted 
anomalies if the results from 12 boreal winter and spring experiments can be 
extrapolated to summer. Assessments of the 1997 monsoon forecast will be 
presented in both probabilistic and deterministic terms. 

OlM'tKt.M iu.ot.vit»Ulr LAMUU.) tiiiiuun« »ui 
AFRICA AND TROPICAL ATLANTIC (1979-1995) 

A. Diedhiou (1,2). S. Janicot (3), A. Viltard (I). P. de Felice (1), H. Laurent (2) 
(1) Laboratoire de Meteorologie Dynamique, CNRS 

Ecole Polytechnique, France 
(2) ORSTOM, Montpellier, France 
(3) METEO-FRANCE/LMD, Ecole Polytechnique, France 
diedhiou@lmd.polytechnique.fr/Fax: +33-1.69.33.30.05 

NCEP/NCAR «analyses are used over the period 1979-1995 to investigate the easterly 
waves activity over West Africa and the tropical Atlantic and its relationships with 
rainfall and convection. Three main band-periods are pointed out in spectral analyses 
of meridional wind at 700 hPa: 3-4 days, 4-5 days and 6-9 days. The 3-4-day and the 
4-5-day regimes correspond to the well known easterly waves activity respectively 
south and north of the African Easterly Jet. The 6-9-day regime corresponds to similar 
easterly waves north of the jet but with stronger associated anticyclonic circulations 
behind the wave trough. The modulation of rainfall and convection by these two wave 
regimes is investigated by using ORSTOM and NCEP/NCAR daily rainfall amounts 
and three hourly ISCCP satellite data. Energetic computations are also performed to 
discriminate the two wave regimes. 

VARIABILITY OF THE WEST AFRICAN MONSOON ON 
INTRASEASONAL AND INTERANNUAL TIME SCALES 

A. H. Fink and P. Speth (Institut für Geophysik und Meteorologie der 
Universität zu Köln, Kerpener Str. 13, D-50923 Köln, Germany) 

Using 22 years (1974-1996) of twice daily outgoing longwave radia- 
tion (OLR) observations and 15 years of ECWMF reanalysis data 
(1979-1993), the intraseasonal (June-September) and interannual 
variability of certain components of the West African monsoon (WAM) 
will be investigated. The focus will be on the intraseasonal and year- 
to-year variations in the African Easterly Jet and in the associated 
activity and climatological track of African Easterly Waves (AEWs). 
The activity and the mean track of AEWs are estimated by local vari- 
ances of 2.5-8 day bandpass-filtered time series of both kinematic and 
thermodynamic/moisture variables (e.g., relative vorticity and meridi- 
onal wind at 700 hPa, OLR and precipitable water). Differences in the 
obtained AEW statistics as inferred from both types of variables are 
discussed. Their relation to variations in moisture advection by the 
low-level southwesterly monsoonal flow and to the rainfall perform- 
ance of the WAM is shown. 
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CLIMATE IMPACT OF AIRCRAFT EMISSIONS LN THE UPPER 
TROPOSHERE. STUDIES WITH A 2D-MODEL 

A. Gabriel. G.Schmitz, 
Institut für Atmosphärenphysik an der Universität Rostock e.V., 
Schloßstr. 6, D-18225 Kühlungsbom, fax: +49-38293-6850, 
email: gabriel@iap-kborn.de, schmitz@iap-kbom.de 

The climate impact of aircraft emissions was studied with an interactive 
dynamical-chemical radiative 2D-model based on a standard climate 3D- 
GCM (ECHAM) and a coupled NCAR chemistry module. The main 
feature of the 2D-modelis a selfconsistent parameterization of the 
tropospheric eddy heat and momentum fluxes. Sensitivity studies with and 
without zonally averaged aircraft NOx emissions will be presented giving 
a better understanding of the dynamical-chemical interactions and the 
climatic features of both the background and the disturbed atmosphere. 
For example, the results show the dependence of the NOx background 
concentrations on the composition of downward sinking lower 
stratospheric air masses and on the trppopause structure in northern winter 
midlatitudes in the height of the main aircraft emissions injection area. 

AUTOMATIC TRACKING OF WEST AFRICAN CLOUD CLUSTERS 

V Mathon and H. Laurent (ORSTOM, BP 5045, F-34032 Montpellier 
Cedex 1, France) 

With the objective of building climatological statistics on propagation of 
African cloud clusters, and studying their morphological and radiative 
properties, an automatic method for tracking cloud clusters has been 
developed. Using Meteosat infrared full resolution images, the method 
allows for tracking systems of size greater than 5000 km2. A cloud 
cluster was defined as adjacent pixels colder than a brightness temperature 
threshold. We have chosen several thresholds such as: 213 K, 233 K, 253 
K. The method is based on the cluster overlap between two successive 
images. The algorithm takes into account splitting and merging of clouds, 
and allows for an objective determination of parameters such as: size, 
mean temperature, temperature variance, duration, coordinates of the 
centre of gravity, speed, trajectory, eccentricity etc. In order to use the full 
space resolution, the study is limited to West Africa from the equator to 
20°N latitude and from 25°W to 20°E longitude. 
We found some artefacts we have to take into account in the utilisation of 
the algorithm outputs (border effects, effects derived from the quality of 
the available Meteosat data set, reliability of parameters in case of split or 
merging of clouds...). However the processing of several years of data 
shows that the algorithm is reliable and produces results suitable for the 
study of convective cloud systems. This has been done over 1993 to 
1997. Trajectory, diurnal Variation, location of initiation and dissipation, 
variation of parameters during the cloud life cycle are analyzed. ECMWF 
analysis are also used to comment the results obtained with the tracking. 

lVltKA.N-M.Al. V AMIABILITY Or L> lKAStAsu.v-n. A.IU 
SYNOPTIC WEATHER SYSTEMS OVER WEST AFRICA ON 
THE PERIOD 1968-1997 

S. Janicot (1), A. Diedhiou (2,3) 
(1) METEO-FRANCE/LMD, Ecole Polytechnique, France 
(2) Laboratoire de Meteorologie Dynamique, CNRS 

Ecole Polytechnique, France 
(3) ORSTOM. Montpellier, France 
janicot(slmd.ens.fr/Fa.\: +33-1.69.33.30.05 

During the drough Sahel period beginning in 1968, the impact of ENSO events on 
Sahel rainfall has seemed stronger than before. NCEP/NCAR reanalyses are used over 
the period 1968-1997 to investigate interannual variability of synoptic weather 
systems like easterly waves as well as intraseasonal scale weather systems like 
monsoon surges and their impact on rainfall events. We investigate also the possible 
teleconnections with ENSO variability, especially linked to the heat source in the 
eastern equatorial Pacific. 

PROPAGATION OF THE MESOSCALE STORM FLOW OF 
WEST AFRICAN SQUALL LINES 

Douglas Parker 
The Environment Centre, University of Leeds, Leeds, LS2 9JT, UK. 
doug01ec.leeds.ac.uk/Fax: [44] 113 233-6716 

Recent work has shown how the mesoscale flow in the vicinity of a squall line is 
forced principally by a gravity wave response to the line of convective heating. 
The vertical profile of temperature and 3D wind in the inflow to a system, 
which is known to be crucial to its maintenance, is modified to first order by 
this mesoscale flow. Application of these concepts to the West African region, 
where squall lines may be propagating at all levels, is particularly interesting, as 
the wavelike response may evolve upstream of the cloudy region, to precondition 
the inflow to the storm as well as the anvil region. 
As a preliminary step to understanding the propagation of the storm flow 
upstream of a Sahelian squall line, the nature of the fast linear waves on the 
African Easterly Jet is described. The structure and dispersion relations for 
different modes have been computed by numerical solution of a modified Taylor- 
Goldstein equation. However, it is only through consideration of the forced 
solutions that the upstream impact of a squall line can be evaluated fully. The 
impact of upstream modification on the thermodynamic properties of the squall 
line inflow is discussed, and the implications of inflow modification on overall 
squall line evolution are considered. 

I 
Rainfall variability in the Sahel: a matter of scales 

T. Lebel'. A. Amani'. L. Le Barbe' 
1 LTHE - ORSTOM, Groupe CATCH. Lebel @hmg.inpg.fr/Fax:33-4 768-25286 

Rainfall variability in the Sahel has become notorious due to the lasting 
drought that started in the end of the sixties. This is the manifestation of a 
decadal variability mode which has been analysed by various authors using 
monthly and yearly averages. By averaging over such large time steps, the 
high frequency modes are lost, although they are of key importance for the 
hydrologic cycle. Using a combination of high resolution data collected 
during the 7 years of the EPS AT-Niger experiment and lower resolution data 
produced by regional networks over longer periods (typically 40 years), it is 
shown here that the Sahelian rainfall variability displays some common 
features at different scales ranging from intraseasonal to decadal. The 
fluctuations of the number of events explain 80% of the fluctuations of the 
average rainfall at both the decadal and interannual scales. At the 
intraseasonal scale, the rainfall maximum observed during the core of the 
rainy season is associated to both an increase in the number of events and an 
increase of the rainfall efficiency of the large Mesoscale Convective 
Complexes (MCC's). Tracing the atmospheric circulation patterns that might 
be linked to the fluctuation of the number of events thus appears as being a 
major challenge for the West African Monsoon Project (WAMP). 

-r*A.   «.IfV*. t.A.1 I.Mtiw.i.>t»i.  »AtuAmi.il>  or »si - »' 
RELATIONSHIP ON THE PERIOD 1968-1997: FOCLS ON WEST AFRICA. 

I. Poccard (I), S. Janicot (2), Y. Richard (1) 
(1) Centre de Recherches de Climatologie, Universite de Bourgogne/CNRS, Dijon, 

France 
(2) METEO-FRANCE/LMD, Ecole Polytechnique, France 

e-mail: poccard@u-bourgogne.fr/ Fax : +33-03.80.39.57.41 

The NCEP/NCAR reanalyses are used over the period 1968-1997 to investigate the 
impact of the main modes of SST variability on the monthly mean tropical circulation. 
In particular we examine the role of ENSO events in the interannual variability of the 
seasonal rainfallamounts of the West African monsoon. We will look at the different 
atmospheric responses in surface (SLP, trade and monsoon winds,..) and in the upper 
levels (velocity potentials,...), and compare these results with previous studies having 
used less sophisticated observations and modelling experiments. 
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ON THE EXISTENCE OF WARM CORE AFRICAN EASTERLY 
WAVES 

Ioannis Pytharoulis and Christopher D. Thomcroft 
Department of Meteorology, University of Reading, Reading RG6 6BB, United 
Kingdom. 
I.PytharoulisOreading.ac.uk 

The existence of warm core African Easterly Waves (AEWs) north of the 
African Easterly Jet (AEJ) core has been clarified using radiosonde data and 
the UKMO global model analysis from the summer and autumn of 1995. Spec- 
tral analysis of wind data at Dakar (14.7°N, 17.5°VV) and Bamako (12.5°N, 
8.0*W) confirms the existence of waves with AEVV period (2.5-6 days). At Ba- 
mako the AEWs were characterised by maximum amplitudes at the level of 
the AEJ whereas at Dakar the waves were characterised by maxima at low- 
levels. Strong low-level AEW amplitudes on the northern flank of the AEJ 
were also seen in the UKMO analyses. These low-level amplitudes extended 
over the ocean but displaced south of the land maximum. The low-level amp- 
litudes arise in association with baroclinic interactions between the negative 
meridional potential vorticity (PV) gradient in the jet core and the positive 
low-level gradients of potential temperature, 6, enhanced by the presence of 
low static stability air north of the AEJ. The warm core waves follow the 8 
gradients over north Africa in contrast to the 700mb waves that follow the PV 
gradients that exist at the level of the AEJ. Lag correlation analysis shows that 
there is strong coherence between the warm core AEWs and the well-known 
cold core AEWs that propagate south of the jet. 

INFLUENCE OF SST ON OBSERVED MIDLATITUDE BLOCKING 
VARIABILITY 

S. Tibaldi1". R. Quadrclli'31, V. Cesari111 

"'ARPA-SMR. Servizio meteorologico regionale, Bologna, Italy 
(!,ADGB-Atmospheric Dynamic Group .Department of Physics, Bologna University 
e-mail: vanina@atmos5.df.unibo.it, Fax: +39 51 6305074 

In the context of the analysis of atmosphere low frequency variability and iis 
modelling (particularly of blocking simulation produced in GCMs). a good 
performance of the model ECHAM4 T106 (10 years integration) has been found, 
mainly in the Euro-Atlantic sector. This integration, characterised by observed sea 
surface temperatures as the only external forcing, reproduces a blocking frequency 
time variability which matches surprisingly well the real one (reanalysis from 1 
January 1979 up to 31 December 1988). In order to understand if these similarities 
are the product of chance or not. a Montecarlo simulation has been developed using 
a set of 1000 "alternative analyses" randomly generated from the real blocking 
frequency dataset (analysis from 1 March 1974 up to 28 February 1994, limited to 
90°W-90E area). Observing the distribution of the correlation coefficients 
(calculated between each of the random maps and the model output), it has been 
found that the model output is correlated with the observed data with a value located 
1.5 standard deviations rieht of the mean. 

CHARACTERIZATION OF SAHELIAN RAINFALL SPATIAL 
VARIABILITY AT A SCALE BETWEEN 1 AND 10 KILOMETRES : 
THE ARCOL EXPERIMENT (RECION OF NIAMEY, NICER) 

Jean-Denis Taupin 
LTHE-ORSTOM. Domaine Universitäre. BP 53. 38041 Crenohle. cede* 9 
Jean-Denis.Taupin@hmg.inpg.fr/Fax (33) 04-76-82-52-86 

Since 1988. the EPSAT-Niger experiment {Estimation des Precipitations par 
SATellite au Niger) has been carried out in a semiarid area near Niamey (Niger) to 
improve the understanding of the precipitation systems of Sudano-Sahelian Africa 
and to develop operational rainfall estimation algorithms for this region. This 
experiment is based mainly on the survey of a very dense raingauge network (30 to 

110 raingauges) laid on a regular grid covering an area of 16 000 km2. The first 
results pointed out different parameters which govern the quality and the climatology 
of the rainy season. Among those.thc link between the number of mesoscale 
convective systems which represent die biggest part of annual rainfall and the total 
seasonal rainfall. To have a new understanding of these mesoscale systems, in 1993. 

a new raingauge network covering an area of 600 km-, based on 6 parallel lines of 
about 70 raingauges (ARCOL Experiment - A la Recherche des Cellules Orageuses 
des Lignes de grain) was set up. Theses lines are oriented more or less North-South 
and are perpendicular to the main direction of circulation of these convective systems. 
For each line, the distance between the raingauges is about I kilometre. This 
particular network allowed to study the sahelian rainfall spatial variability at a scale 
between I and 10 kilometres and furthermore, it improved the knowledge of the 
internal mechanisms of squall lines (particular mesoscale convective system with a 
structure of the convective front very well defined, oriented North-South, and a 
preferential path East-West with a speed of about 50 km/h). For this last pan. the 
network allowed to show the size of the basic convective cells (about I -2 kilometres) 
which are very intensive, and allowed to follow their displacement. 

MAINTENANCE OF THE AFRICAN EASTERLY JET 

Chris Thomcroft and Mike Blackburn 

University of Reading. UK 

The maintenance of the African easterly jet (AEJ) has been examined using a zon- 
ally symmetric GCM with simple parametrizations. It is shown that the AEJ is 
maintained in association with two diabatically forced meridional circulations; one 
associated with surface fluxes and dry convection in the Saharan heat low region 
and one associated with deep moist convection in the ITCZ region equatorward of 
this. The heat low heating, which reaches the height of the AEJ around 700mb, is 
particularly important in maintaining the AEJ and its associated meridional gradi- 
ents in potential vorticity. It is concluded that the mean observed AEJ results from a 
combination of the diabatically forced meridional circulations which maintain it 
and easterly waves which weaken it. 

DECADAL SAHELIAN RAINFALL ESTIMATION OVER AN AREA 
OF I DEGREE SQUARE : CHARACTERIZATION OF THE 
'GROUND TRUTH' ACCORDINC TO THE RAINGAUGE 
NETWORK  DENSITY. 

Jean-Denis Taupin 
LTHE-ORSTOM. Domaine Universilaire. BP 53. 38041 Grenoble cedex 9. France 
Jean-Denis.Taupin@hmg.inpg.fr/Fax (33) 04-76-82-52-86 

The duration of the rainy season in the sahelian zone is about 5 months (may to 
September). The precipitations resulting from the monsoon flux which moves toward 
the north at this period are mainly composed of convective systems. These rainfall 
show a high spatial variability. The regional raingauge network in the Sahel is very 

sparse ( 1 to 5 raingauges over 10 000 km-) hence the mean rainfall estimation over 
a specific surface is very difficult. Other methodologies to estimate the rainfall over 
areas are used like infra-red measurement from gcostationnary satellite which have a 
good resolution in time and space, but at the present time the estimation algorithms 
do not show a good agreement with the measured rainfall on the ground in the Sahel. 
In addition the spatial variability of rainfall and the weak density of raingauee 
network do not allow a good validation of the satellite data because there is not a 
good 'ground truth'. However, in the region of Sahel. a good spatial estimation of 
rainfall would be necessary to follow the crops and to prevent possible starvation. In 
that case, a rainfall estimation at a regional scale (degree square) and at a time scale 
of ten days could be enough. The EPSAT-Niger Experiment (Estimation des 
Precipitations par SATellite au Niger), localized in the region of Niamey is based on 
the survey of a very dense raingauge network which presents a regular grid over an 

area of 16 000 km2. Six years (1991-1996) have been studied where there is deficit 
and excess rainy season. The aim of this study is also to determinate the 'ground 

truth' over an area of 1 degree square (about 12 000 km2) at a time scale of ten days 
and to propose abacus of rainfall error estimation according to the number of 
raingauges. 

NUMERICAL STUDY OF THE IMPACT OF ENSO AND DECADAL 
SCALE SST VARIABILITY ON SAHEL RAINFALL 

S. Trzaska (1), S. Janicot (2), B. Fontaine (1) 
(1) Centre de Recherches de Climatologie, 

Universite de Bourgogne/CNRS, Dijon, France 
(2) METEO-FRANCE/LMD, Ecole Polytechnique, France 
e-mail: crc2(3u-bourgogne.fr/Fax: +33-4.80.39.57.41 

Sahelian rainfall is strongly dependent on surface conditions and SST play a key role 
at interannual time-scales. However ENSO phenomenon is seldom put forward to 
explain rainfall variability in the Sahel. As a matter of fact the statistical relationship 
is weak but mainly due to its unstability through time and seems to depend on the 
global SST context - a decadal or longer time-scale variability. Numerical experiments 
performed with an AGCM help to investigate changes in the relationship between 
ENSO related conditions and Sahelian rainfall relatively to the prevailing global 
context. Recent ENSO events occuring in warmer southern ocean context have clear 
impact on the Sahelian rainfall in consistency with observations. 
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ROLES   OF   CUMULUS   CONVECTION   IN   THE   ATLANTIC 
EASTERLY WAVES 

Kuau-Man Xu and D. A. Randall 
Department of Atmospheric Science. Colorado State University. Fort Collins. 
CO 80533, USA. 
kmxu0atnos.colo5tat«.«du/Fa.x: [+1] 9T0 491 8433 

Easterly waves are westward traveling tropospheric disturbances in the Tropics. 
They arise through a mixed barotropic/baroclinic instability of the low-level 
easterly jet. The importance of diabatic processes in the wave dynamics and 
energetics has yet been fully understood, due to poor representations of moist 
processes. A wave-CISK parameterization is often used in theoretical studies. 
To improve the representation of cumulus convection, one must first understand 
the role of mesoscale processes in the mass, heat and moisture budgets of the 
easterly waves, in addition to that of convective-scale processes. The main 
purpose of this study is to investigate these budgets and individual budget 
components for every phase of a composite easterly wave. 
In this study, the UCLA/CSC cloud ensemble model (CEM) is used to explicitly 
simulate the macroscopic behavior of cumulus convection and its mesoscale 
organization during Phase [II of the Global Atmospheric Research Program's 
(CARP's) Atlantic Tropical Experiment (GATE). Observed large-scale vertical 
motion and horizontal advections of temperature and moisture are used to 
drive the CEM for the entire Phase III. The simulations have been presented 
in Xu and Randall (1996). The observed easterly waves during Phase III were 
characterized as fully mature and strongly nonlinear. Only a composite easterly 
wave is studied with the simulated data. Compositing of data is accomplished 
by assigning each 3-nourly averaged variable to one of eight wave categories 
as in observational studies. Partitioning of convective and mesoscale stratiform 
regions is based upon the strength of updrafts/downdrafts (Xu 1995). 
Implications for cumulus parameterization will also be discussed, based upon 
the results presented in this study. 

Yongkang Xue(l). D.B. Clark (2), and R.J. Harding (2) 
(1) Department of Geography, University of Maryland, College Park, MD, 20703 
USA,(2) Institute of Hydrology, Oxfordshire, OX10 8BB, UK 

West Africa is an ecologically fragile area, with a low and extremely variable rainfall. 
A biosphere model, SSiB, was coupled with the COLA GCM to investigate the impact 
and mechanisms of land surface processes on seasonal and decadal variations of Sahal 
rainfall. The model was integrated for four years with and without vegetation cover 
degradation over the Sahel region. It has been found that the West African monsoon 
and African easterly jet are both sensitive to land surface processes. Changes in the 
annual cycle of Sahel rainfall in the degradation cases are consistent with observed 
climate anomalies of the past forty years. The condition of the land surface in West 
Africa has the largest impact compared with other sub-areas in the Sahel region. The 
monsoon flow from the Atlantic Ocean, then the moisture flux convergence, became 
weaker in the degradation cases. In contrast to the conventional hypothesis about 
albedo effects, it has been found that variations in the convective heating rate, which 
are caused by changes in latent-heat flux from the land surface and moisture flux 
convergence in the atmosphere, are the dominating factors in this process. Radiative 
cooling is a secondary effect. A preliminary study was also conducted to compare the 
effects of the land and SSTs. 

OA17 Climate     variability:     models     and 
observations (joint with SE) 

02 Natural climate variability on the basis 
of past observations 

Convener: Duplessy, J.-C. 

CHANGES IN BAROCLINICITY AND SYNOPTIC ACTIVITY ON THE 
NORTHERN HEMISPHERE FROM THE 1960s TO THE PRESENT AS 
SEEN BY DISTINCT DATA SETS 

K. Born, Meteorological Institute, University Bonn 
e-mail: kborn@uni-bonn.de fax: +49 228 735188 

The large number of deep cyclones over the North Atlantic / European area during 
the first years of the 1990s led to the supposition, that the meridional temperature 
gradient of the troposphere has strengthened within the preceding decades. In this 
study northern hemispheric tropospheric temperatures and synoptic activity - in 
terms of baroclinicity and the interdiurnal variability of geopotential heights - are 
examined. It is found that the lower tropospheric temperature gradients as well as 
the synoptic activity increased during that period over the cyclogenetic centres over 
Newfoundland and over the Northwest Pacific, leading to an enforcing of 
meridional heat exchange processes due to synoptic eddies. But over continental 
areas (Asia/Siberia) the tropospheric warming within the midlatitudes caused a 
decrease of the meridional temperature contrast between lower latitudes and polar 
regions. This result can be .obtained from three largely independent data sets: 
namely analysis data of the German Weather Service (DWD), the Comprehensive 
Ocean-Atmospheric Data Set (COADS) and the NCEP/NCAR Reanalysis data. The 
close connection between monthly mean baroclinicity - in terms of Bjerknes' 
solenoidal term - and the synoptic activity, obtained from daily observations, is 
another instructive result of the study. 

B 
GMSLP3: A GLOBAL MEAN SEA LEVEL PRESSURE DATASET. 

T.A.Basnett (1), N.A.Rayner (1) and D.E.Parker (1) 
(1) Hadley Centre for Climate Prediction and Research, Meteorological Office, 
U.K.. 
tbasnettflmeto.gov.uk 

A global, observed, monthly, historical MSL pressure dataset (GMSLP3) has 
been developed to facilitate the validation of climate model results and the 
interpretation of observed global and regional climate variations. The dataset 
is composed of gridded values on a 53 resolution, dating back to 1871. 
GMSLP3 is based on monthly mean land station data together with gridded 
ships measurements, which were subjected to a rigorous quality-control. These 
data, combined with data extracted from the National Centers for Environmen- 
tal Prediction Reanalysis, were used to 'reconstruct' monthly gridded fields of 
MSL pressure using the 'Reduced Space Optimum Interpolation' technique de- 
veloped by Alexey Kaplan of Lamont-Doherty Earth Observatory, Columbia 
University. 
I will present an overview of the creation of GMSLP3, together with a brief 
discussion of its main features and improvements over previous versions of the 
dataset. I will also describe possible future avenues for development, including 
the creation of regional datasets for areas, such as Europe, where there are 
sufficient numbers of high quality observed data. 

A GCM SIMULATION OF THE 14C DISTRIBUTION IN 
THE GLACIAL OCEAN 

J.-M. Campin', T. Fichefet1 and J.-C. Duplessy2 

'Institut d'Astronomie et de Geophysique G. Lemaitre,   Universite 
Catholique de Louvain ; campin@astr.ucl.ac.be ; Fax: 32-10-474722 
2Centre des Faibles Radioactivites, CNRS-CEA, Gif sur Yvette 

Natural radiocarbon (14C) concentration is often used to assess 
the ventilation rate of the deep-water masses. At the Last Glacial 
Maximum (LGM), the 14C concentration measured in sediments 
supports the idea of a different World Ocean circulation compared 
to present day, but due to the measurement uncertainties and the 
scarceness of reliable l4C data, until now, a comprehensive ventilation 
sketch cannot be drawn. Here we investigate this question with a 3-D 
global OGCM that includes a radioactive decaying 14C tracer, with a 
wind speed and sea-ice cover dependent surface exchange coefficient, 
but ignoring the complex biological carbon cycle. Two experiments 
under restoring boundary conditions are conducted, a reference run 
with present day forcing and a LGM simulation using CLIMAP SST 
and Duplessy et al. (1991) SSS reconstructions. The 14C equilibrium 
distributions from the two experiments are presented. The modern l4C 
is in good agreement with observations and offers a model validation as 
well as a reference state. The LGM 14C distribution is compared with 
the few available reconstructions. The comparison with the modern 
simulation provides a clear view of the circulation changes, changes 
that are consistent with those inferred from proxies. 

C691 



RAPID CLIMATIC EVENTS AND ASIAN MONSOON INTENSITY: 
MAGNETIC AND GEOCHEMICAL RESULTS FROM THE BAY 
OF BENGAL AND THE ANDAMAN SEA 

C. Colin, C. Kissel, D. Blamart, L. Turpin 
Centre des Faibles Radioactivity, CNRS-CEA, Gif-sufYvette, France. 

Results from high resolution study of magnetic mineralogy combined 
with major element geochemistry analysis, oxygen isotopes and 14C AMS 
stratigraphy are reported for cores MD77-169 and MD77-180 located in 
the Andaman Sea and the Bay of Bengal respectively. In both cores the 
main magnetic mineral is PSD titanomagnetite with slight variations in 
grain size following orbital periodicities at 23 kyr and 100 kyr. The 23 
kyr periodicity indicates that the variations of magnetic grain sizes are 
strongly influenced by the monsoon with relatively fine magnetic grains 
during periods of strong summer monsoon. 
In core MD77-180, located at the mouth of the Ganges river, short term 
variations in magnetic grain sizes and in the chemical index alteration 
(CIA) are coeval during the last glacial period with the rapid variations 
observed in the 8'80 record of GISP2 ice core. The interstadials are 
characterized by fine magnetic grains and high CIA values. On the 
contrary, the cold Heinrich events correspond in core MD77-180 to 
intervals of relatively coarse grains and low CIA illustrating a decrease of 
the intensity of chemical weathering related to significantly drier 
conditions on the continent. We suggest that rapid cold events in North 
Atlantic during the last glacial stages are related to a weaker summer 
monsoon rainfall over the Himalaya via atmospheric teleconnection. 

FLUCTUATIONS IN NORTH ATLANTIC HURRICANE 
FRr*CJ U hiiS C Y 
J. B. Eisner 
Department of Meteorology, Florida State University, Tallahassee, FL 
32306-4520 USA 

The annual record of hurricane activity in the North Atlantic from 
1886-1996 is examined using time-series analysis. Singular spectrum 
analysis (SSA) combined with the maximum entropy method (MEM) is 
applied to the time-series of annual hurricane occurrences to extract the 
dominant modes of oscillation. The annual frequency of hurricanes is 
modulated on the biennial, semi-decadal, and near-decadal time scales. 
The biennial and semi-decadal oscillations correspond to two well-known 
physical forcings in the local and global climate. These are the shift in 
tropical stratospheric winds between an east and west phase (QBO), 
and a shift in equatorial Pacific Ocean temperatures between a warm 
and cold phase (ENSO). These climate signals have previously been im- 
plicated in modulating Atlantic hurricane activity on the inter-annual 
time scale. The near-decadal oscillation is a new finding. Separate anal- 
yses on tropical-only (TO) and baroclinically-enhanced (BE) hurricane 
frequencies show that the two components are largely complementary 
with respect to their frequency spectra. The spectrum of TO hurricanes 
is dominated by the timescales associated with ENSO and the QBO, 
while the near-decadal timescale dominates the spectrum of BE hurri- 
canes. Speculations as to the cause of the near-decadal oscillation of BE 
hurricanes center on changes in Atlantic SSTs possibly through changes 
in evaporation rates, perhaps as a result of changes in solar activity. 

WINTER PRECIPITATION IN PORTUGAL: TRENDS AND VARIABILITY 
USING A LINEAR MODEL BASED ON WEATHER TYPES 

C.C. DACAMARA and R. M. TRJGO. (Department of Physics, University of Lisbon, 
1700 Lisbon, Portugal, dacamara@correio.cc.fc.ul.pt) 

Regime of precipitation in Portugal presents a highly seasonal character, with a broad 
winter peak and an almost complete lack of rain in summer. Based on an objective 
classification of Weather Types (WT's) developed for the UK (Jenkinson and Collison, 
1972) and adapted for the present purpose, daily values of SLP were used to define 10 
different WT's according to vorticiry and prevailing direction of geostrophic wind flow. 
In a previous work, statistically significant relationships were found between monthly 
values of precipitation and monthly frequencies (number of days) of relevant WT's. i.e. 
Cyclonic (C), Southwestern (SW) and Western (W) types. In the present work monthly 
frequencies of these three relevant CWT's covering the winter period 1946-90 were 
used to predict monthly mean values of precipitation at 18 stations over Portugal. 
Multiple regression models were therefore developed for each station using three most 
relevant WT's as predictors. Each model was calibrated using winter months and then 
validated against March observations, all models revealed a good capacity in 
reproducing the temporal variability of March precipitation, especially the conspicuous 
decline that has been observed since the 60's. Although the models present similar 
values of explained variance over the country (=80%). relative importance of each WT 
is distinct from station to station, a strong decrease (increase) being observed in 
importance of C (W) rype from South to the North. Obtained results put into evidence 
the different mechanisms of precipitation in Portugal, orographic and cyclogenic 
activity being relevant respectively in the North and South of Portugal. 

CLIMATE VARIABILITY; IN ORENSE (SPAIN) IN THE LAST 
300 YEARS 

L.Gimer.o(l), A.Rua(2) ,L. de la Torre(l),      C. 
Gonzalez(1) 
(1) Facultad de Ciencias de Orer.se, Univeridad de 
Vigo, (2) Departamento de Estadistica, Universidad 
Complutense de Madrid./Fax 34 88 387159 

Orense is an Spanish town placed in the Northwest 
of the Iberian Peninsula. Its meteorological 
station register data only since 1950, although 
Orense has the particularity of having an 
extremely a.timount of historic documents with 
references to the weather of the town. The 
objective of this study is to reproduce two 
climatic variables (temperature and precipitation) 
for the last three centuries by means of 
historical sources and to analyze the climate 
variability. The great density of data permit us 
to know natural variability of climate in a single 
point 

PLIOCENE WARMTH IN MEDITERRANEAN AREAS: 
RECONSTRUCTION FROM POLLEN DATA 

S. Fauquette1, J. Guiot1 and J.-P. Sue 
'Institut Mediterraneen d'Ecologie et de Paleoecologie, Faculte Saint- 
Jeröme, Marseille, France, :Centre de Paleontologie stratigraphique et 
Paleoecologie, Universite Claude Bernard, Lyon, France 

The Pliocene was the last time where there is good evidence that climate 
was significantly warmer than the present time. So, it is important to 
quantity this last warming-up. Climatic reconstructions from Pliocene 
pollen data cannot be based on modem analogue methods, as Pliocene 
pollen spectra contain mixture of taxa that do not grow together today. 
A new method that uses a climatic amplitude method has been carried 
out especially for the Pliocene. It relies on climatic ranges tolerated by 
plants. The climatic requirements of the main taxa represented in the 
pollen spectra have been defined on the basis of 8000 modern pollen 
spectra. The method have been applied to several Pliocene pollen 
sequences of the Mediterranean area. Both temperatures and 
precipitations were higher than the modem ones, especially at the 
northern latitudes. Our results are comparable with sea surface 
temperatures and with 8IS0 variations obtained for the same period. 

GLACIAL ATLANTIC SURFACE TEMPERATURES BASED ON 
NEW DATA AND A SEMI-INVERSE OCEAN MODEL 

B. Grieger 
Universität Bremen, FB 5 — Geowissenschaften, Postfach 33 04 40, D-28334 
Bremen, Germany. 

A ■'SIMPLE ocean" model has been developed, which estimates surface currents 
in a diagnostic manner from surface winds. Horizontal heat transports by ad- 
vection and diffusion and surface heat fluxes are used to calculated sea surface 
temperatures (SSTs). The unknown transports from the deep ocean are in- 
versely calculated from sparse SST data. The model can be understood as a 
method to estimate a global SST field from a sparse data set, where it takes 
into account the wind driven surface currents. 
In a control run for the modern ocean, SST data from the core top samples of 
about 200 CLIMAP sedimentary cores were used. The resultant global annual 
mean SST field matches the observations with a root mean square error of 
1.85"C. A glacial run based on the glacial CLIMAP SSTs at the core sites al- 
ready exhibited considerable deviations from the CLIMAP 2° x 2° interpolation 
in regions where no data existed. 
For a second glacial run, new Atlantic core data provided by the Sonder- 
forschungsbereich 313 in Kiel and the Sonderforschungsbereich 261 in Bremen 
have been used. The complete SST field estimated with the SIMPLE ocean model 
is presented and compared with the CLIMAP reconstruction. 

C692 



CwhHydrometeorologicalInstitute,P.0. Box 2 400 11 ZstmnadLabem, 
Czech Republic. Fax: +420 47 492 45, e-mail: hejkrlik@chmi.cz 

The phenomenon of dependence of precipitation amounts on the lunar■phase 
(synodical month) has been studied since the 1960s m detaus by n«™*"*^ " 
manv countries, e. g. in Australia. Czechoslovaks, Italy and specially thoroughly n 
the USA. Data from thousands stations covering penod of more than 50 years were 
subjected to rigorous tests with conclusion that the association of lunar phases with 
heavy rainfall is real. The statistical method appl.ed m these works had often been a 
modification of method of superposition of epochs (MSE). The results proved *at 
extreme precipitation events vary nearly simultaneously over all regions of the Earth 
and that they occur more frequently on the third to fifth day after syzyg.es. The 
concurrence and angular uniformity of the phenomenon have been ^^um« 
last few years a that is base for this attempt to study statistical character.« cs of results 
of MSE applied on a very long precipitation series of Prague-Klementinum 
(1805-1996) Despite largely shared belief of two-extremal course of mean 
precipitation during synodical month this study indicates that this is rather exceptional 
and that there are quasi-linear shifts on the curves of synodical signal with time scale 
of tens of years, not comparable with basic periods of lunar orbit. 

COMPARISON ANALYSIS OF SECULAR VARIATIONS OF SOLAR, 
GEOMAGNETIC AND METEOROLOGICAL PARAMETERS 

P.V. Kishcha and I.V. Dmitrieva 

Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, 
Russian Academy of Sciences, 142092, Troitsk, Moscow region, Russia. 

kishcha@izmiran.troitsk.ru; pmaster@lars.izmiran.troitsk.su /Fax:   (7-095) 334 
0124 

Long series of sunspot numbers and indices of geomagnetic activity from 1868 to 
1990 have been examined by the method of cross-correlation analysis. Secular 
variations of the 23-year running correlation between the sunspot numbers and the 
parameters of geomagnetic activity with a characteristic period of about 50 years 
have been obtained. The selected secular variations of solar-geomagnetic coupling 
have been compared with long-term variations of two solar indices that are potential 
proxy measures for the solar irradiance: the length of the sunspot cycle and the Hoyt 
& Scharten's composite index. It has been shown that fluctuations of these indices 
relative to their linear trend change their sign in accordance with the secular 
variations of the solar-geomagnetic coupling. Long-term fluctuations of the Earth 
global land-air surface temperature anomalies relative to their linear trend have a 
period of about 50 years and show a good agreement with the secular variations of 
the solar-geomagnetic coupling. 

•rar nMr STRUCTURE OF THE SPECTRAL MAXIMA OF VARIATIONS 
C?ESEAELEVKR PRESSURE AND AIR TEMPERATURE FOR 
PERIODS FROMSEVERAL DAYS TO SEVERAL MONTHS. 

E V Ivanova Moscow State University, Moscow, Russia _..,., 
V.v'.Ivanov, institute of Marine Geology fcGeophysics, Yuzhno-Sakhalinsk, 
Russia. 

The several broad maxima of spectrum of variations of sea level, air pressure 
and air temperature are existed inside the diapazone of periods from several 
davs to several months. The periods corresponded to maximal values are 
located near to the same position for spectra of the air pressure, air 
temperature and sea level, which are recorded in the different points. The 
main maxima are located near to the period 15 days, 30 days , 4D days We 
have analyzed the dependence of the form and positions of the spectral line 
on duration of the sample for case of the sample durations from 1 to 40vears 
in case of the points Holmsk ( 47.0 N,142.0 E) and Temey ( to.l N, 136.5 E) 
in time interval from 1950 to 1990. These maximal values are discovered for 
different samples if the sample duration is less than 1 year. For case of the 

maxima do not change et ,- —      - „ 
the heights of maxima increases. If the sample duration is more than 8 year 
this is the line spectrum . Instead of several maxima we have received the 
several groups of lines, strips. Each strip contains several lines. The distances 
between the lines of the separate strip are near to the the same and near to 
the value 2 pi / 365 1/day. The most essential lines of the second strip 
correspond to periods 27.3 and 29.5 days. These are the periods of the 
rotation of the Moon. 

RAPID CLIMATIC VARIATIONS AND c MAGNETIC 
MINERALOGY CHANGES IN NORTH ATLANTIC SEDIMENTS. 

Kissel. C. Lai. C, Elliot, M. and L. Labeyrie 
Centre des Faibles Radioactivity, CNRS-CEA, Gif-sur-Yvette, France. 
kissel@cfr.cnrs-giffr 

High resolution magnetic analyses of four cores located in the northern 
part of North Atlantic are presented. The cores are disctributed along an 
E-W transect between 60 and 62°N from the Faeroe islands (cores ENAM 
93-">l and core MD95-2009), the Gardar drift (core SU90-33) and the 
Irminger basin (core SU90-24). The study has been focussed on climatic 
stage 3 during which variations in the low field magnetic susceptibility are 
correlated with temperature changes over Greenland as; observed from the 
ice cores. .   .       ... 
Changes in low field magnetic susceptibility illustrate variations in both 
concentration and grain sizes of magnetites and Ti-magnetites. The 
Heinrich events are characterized by low concentration of relatively fine 
grained magnetic particles. On the contrary, during interstadials 3 to 13 
(Dansgaard-Oeschger events) high concentrations of relatively coarse 
magnetic grains are observed. The results of a high resolution (2 to 10 cm 
intervals) study of magnetic hysteresis parameters will be also reported 
and discussed 
The possible origin for these variations in the magnetic properties of the 
sediment will be discussed in the known climatic framework of this 
region. 

I 
NORTH-ATLANTIC-EUROPEAN ATMOSPHERIC CIRCULATION 
CHANGES BETWEEN THE EARLY INSTRUMENTAL PERIOD 
AND THE RECENT CENTURY 

J. Jacobeit. C. Beck and A. Philipp 
Geographical Institute, University of Würzburg 
jucundus.jacobeit@mail.üni-wuerzburg.de 

Within the EU-Project ADVICE ("Annual to Decadal Variability in Climate 
in Europe") changes of climate and atmospheric circulation since 1780 are 
investigated on the basis of early instrumental observations. Using monthly 
mean SLP grids for the North-Atlantic-European region reconstructed back 
to 1780 by Jones et a!. (CRU 1997) an objective classification has been 
developped based on EOF and cluster analyses. Comparing the early in- 
strumental period (1780-1860) with the recent century, changes in frequen- 
cy and seasonal distribution are revealed for some of the resulting circula- 
tion patterns. Furthermore, some 72 temperature and 62 precipitation 
series, respectively, from Central Europe are used to select warm, cold, 
wet and dry months since 1780. SLP grids from these months are submitted 
to T-mode principal component analyses in order to derive basic circulation 
patterns associated with these climate anomalies. Comparing explained 
variances between the early instrumental period and the recent century gives 
indications about climate-related atmospheric circulation changes. 

CHANGES IN THE STRENGTH OF THE ICELAND-SCOTLAND 
OVERFLOW WATER IN THE LAST 200,000 YEARS: EVIDENCE 
FROM MAGNETIC ANISOTROPY ANALYSIS OF CORE SU90-33 

C.Laj (1), C. Kissel (1), G. Auffret (2), A. Vangrieshem (2) 
(lyCentre des Faibles Radioactivites, CNRS-CEA, Gif-sur-Yvette, France. 
(2) IFREMER, Lab. Environnements S&iimentaires, Brest, France 

The anisotropy of magnetic susceptibility combined with mineral 
magnetic analysis is used as paleo-bottom current indicator. The degree 
of anisotropy illustrates the degree of preferential alignement of 
elongated magnetic particles, in turn related to the strength of the bottom 
current. Results are reported for core SU90-33 located (60°34'4N, 
22°05'1W) at 2400m water depth along the Iceland-Scotland overflow 
water (ISOW). This core spans the last 6 climatic stages. The main 
magnetic mineral is low Ti-content magnetite with very slight downcore 
changes in the grain size. Both the susceptibility record and the changes 
of the proportion of smectite in the clay fraction are climatically 
controlled with lower values during glacial than during interglacial 
periods. The degree of anisotropy is significantly larger during 
interglacial periods than during glacial times. These changes provide 
evidence that the strength of the contour current associated to the 
transport of the ISOW appears to have been significantly larger during 
climatic stages 5, 3 and 1 than during stages 6, 4 and 2. Measurements in 
modem North Atlantic sediments will be also presented. 
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jSEA SURFACE SALINITY RECONSTRUCTION OF THE INDIAN 
OCEAN DURING THE LAST GLACIAL MAXIMUM (ABOUT 
18,000  YR  B.P.) 

N, Lccwle (1). J.C. Duplessy (2) 
(1) I.aboratnire dOceanngraphie Dynamique et de Climatologie, Universite' Pierre et 
Marie Curie. Pari«, (2) Centre des Faibles Radioacrivites, Gif-sur-Yvette, France 
nal@lc.xlyc.jussieu.fr / Fax; 33-1-44-27-27-10 

The oxygen isotope composition of planktonic foramini feral tests includes 
contributions from sea surface temperature, glubal ice volume and local salinity. To 
reconstruct surface water salinity in the Indian Ocean at the last glacial maximum 
!(ahout 18,<KX> yr B.P.) we have used the method developped by Duplessy et al.„ 
1991. This method is based on a comparison between transfer function estimates of 
sea surface temperature and the oxygen isotope ratio of planktonic foraminiferal 
tests. For our study we have used a common planktonic foraminiferal species in the 
Indian Ocean, (J. ruber. O. mber is considered to live preferentially in the upper part: 
of the cuphntic zone (surface dweller) and to prefer warm conditions. Wc first used 
core-top analyses to demonstrate that, under modern conditions, the 
paleotemperatures determined from the isotopic composition of foraminiferal shells 
(ire linearly linked to the sea surface temperature of the wanner month. We then used 

Ithis information to derive an estimate of the isotopic composition and salinity of the 
Jndian Ocean surface water during the last glacial maximum. For the transfert 
(function we have used ice age sea surface temperatures reconstructed by CLIMAP 
(1981). Tliis sea surface salinity estimation enables us to reconstruct changes in the 
'Indian Ocean monsoon and changes in sea surface circulation at the last glacial 
Maximum in the Indian Ocean. 

DYNAMICALLY CHARACTERISTIC OF THE ATMOSPHERE 
PARAMETERS DURING INTENSIVE MAGNETIC STORMS 

Lj. Mihajlovic, S. Mihajlovic, M. Obradovic 
(Geomagnetic Institute Grocka, 11306 Grocka, Yugoslavia) 

It is well known that Solar activity has a great influence to the upper 
atmosphere features. The alternation of corpuscular radiation 
strength, causes great changes of atmospheric parameters. The 
correlation between dynamically characteristic of the atmospheric 
parameters (air pressure, air temperature, humidity and quantity of 
falls) and variation of geomagnetic activity is presented. In this paper, 
authors established the correlation between average daily air 
temperature and index of geomagnetic activity (K) in time of intensive 
geomagnetic storms. That correlation is observed in the course of 
hours at days when magnetic storms are detected in Belgrade area. 
Solar geomagnetic activity and temperature changes could be 
observed like external factors of increase number of calling from 
individual groups of diseases. In this paper, dynamical characteristic 
number of calling from KV diseases, psychosis, cancer of the lungs, 
in the time of intensive magnetic storms registrations, when big 
changes of air temperature have been registered in Belgrade. 

STUDY OF PERSISTENCE OF SSTAFROM ATLANTIC OCEAN BY 
MEANS OF MARKOV MODEL 

Ileana Mares, C.Mares (National Institute of Meteorology and 
Hydrology, Bucuresti-Ploiesti No.97,71552, Bucharest, Romania) 

Monthly values of SSTA (Sea Surface Temperature Anomalies), 
defined in 522 points in the Atlantic Ocean (75°W-100E,70°N - 70°S) 
in the period 1948-1994, have been analysed. The autocorrelation 
function which approximates the signal series is assumed that 
satisfies a Markovian process under the form C exp(- A|k|). In order 
to estimate C and A, the autocorrelation function was truncated until 
a lag where it becomes negative. In the paper, for each point, the 
decreasing rate (A), signal level (C), the effective time (T0) and 
signal -to-noise ratio are presented and discussed. Concerning the T0 

values, which estimate the persistence level, in the Northern 
Hemisphere the values between 5 and 7 months are dominant, except 
for some areas situated between equator and 10° N, as well as around 
the latitude of 30° N .where the persistence is lower than 5 months, 
while in the regions (45°N - 60°N; 45°W - 20°W) and (10°N - 20°N; 
70V-50°W), the memory of SST anomalies is within the interval of 
7 to 9 months with isolated points which have even 11 months. 

CLIMATIC CHANGES IN THE LAST MILLENNIUM 

Nils-Axel Mörner 
Paleogeophysics & Geodynamics, Sweden, morner @ pog.su.se 

When the glacial eustatic sea level rise finished in Mid-Holocene time, 
a long-term deceleration in the Earth's rate of rotation ended, and, by 
that, the Earth came into a new dynamic mode where the feed-back 
interchange of angular momentum between the solid Earth and the 
hydrosphere got a dominant role for the distribution of heat (recor- 
ded in the regional paleoclimatic changes) and mass (recorded in the 
regional sea level changes) due to its effects on the ocean circulation. 
At around 800-1000 AD, the Earth's rate of rotation changed. This 
initiated - as the beating on a cord - a sequences changes between 
"Super-non-ENSO" condi-tions (around 950 AD), "Super-ENSO" 
conditions (around 1100 AD) and a second period of "Super-non- 
ENSO" conditions (responsible for the so-called Medieval Warm 
Optimum around 1250 AD). The cold periods in 1440-1460, 1687- 
1703 and 1808-1821 (or "Little Ice Ages") in relation to the Spörer, 
Maunder and Dalton sunsput minima seem all to represent similar 
oceanographic circulation changes in the North Atlantic and not any 
decrease in solar irradiance. 

AFRICAN AND ASIAN MONSOON CHANGES AT 6000 
BP INFERRED FROM A FULL COUPLED OCEAN- 
ATMOSPHERE MODEL. 

O- Marti P. Braconnot and S. Joussaume (Laboratoire de Moderation du Climat 
et de l'Environnement, CEA Saclay, DSM/LMCE, F91191 Gifsur Yvette Cedex, 
France. 

African and Asian monsoons were enhanced at 6 ka BP in response to an increased 
summer insolation. Simulations of the Paleoclimate Modeling Intercomparison 
Project (PMIP) reproduce this increase, but the northward extend of monsoon rain 
suggested by lakes and pollen data in North Africa is underestimated. PMIP 
simulations have been performed using atmospheric models with present day surface 
conditions. Part of the mismatch could therefore be attributed to the neglected 
feedbacks from ocean and vegetation. 
Here, we investigate the role of the ocean in the 6 ka BP climate change using the 
IPSL (Paris, France) coupled ocean-atmosphere model with no flux correction at the 
air-sea interface. For the 6 ka BP simulation, only the orbital parameters have been 
changed and set to those of 6 ka BP, compared to the coupled control simulation. 
The change in sea surface seasonal cycle helps to further enhanced the monsoon in 
Africa and Asia compared to simulations with the atmospheric model only forced by 
PMIP type surface conditions. Over Africa the coupling introduces a northward shift 
of the ITCZ over the continents which however is not sufficient to match the data. 
The changes of meridional heat transport are opposite in the two fluids, the oceanic 
changes being larger except during the peak of the summer monsoon. In the 
Atlantic, the northward oceanic heat transport across the equator vanishes at 6 ka 
BP, but is relayed bv the transport by the monsoon winds. 

1997 TEMPERATURES ARE HIGHEST ON RECORD: 
SHOULD IT BE ATTRIBUTED TO THE GLOBAL WARMING? 

J. Otterman (LAOR; at NASA/GSFC, Greenbelt, MD 20771, 
USA, phone (301) 286-1312; fax: (301) 286-1737), 
R. Atlas, J. Angell, E. Anyamba, J, Ardizzone, D, Starr 
(starr@climate.gsfc.nasa.gov), J. Susskind, J. Terry 

Globally-averaged surface air temperature for 1997 appears to be the 
highest on record. This should not be necessarily attributed to the 
global warming, since in 1997 two (seemingly unrelated) positive 
temperature anomalies occurred: (I) a very large positive February- 
March anomaly over continental band 55-65 °N, apparently resulting 
from strong westerlies in the N. Atlantic and N. Pacific, and (2) the 
El Nino phase of the Southern Oscillation. From our calculations 
these two events contributed a substantial fraction of the global 1997 
yearly anomaly. 
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DANSGAARD-OESCHGER   OSCILLATIONS:   A   HYDRODYNAMIC 
THEORY 

W.R. Peltier (l),K.Sakai (2) 
(1) (Department of Physics, University of Toronto, (2) Institute of Hydrologie and 
Atmospheric Science, University of Nagoya, Japan 
peltier@atmosp.physics.utoronto.ca/Fax: 1-416-978-8905) 

The millennium timescale climate variability that is so clearly evident through 
Oxygen Isotope Stage 3 of the last glacial cycle has come to be referred to as 
consisting of distinct Dansgaard-Oeschger oscillations. These appear in the oxygen 
isotopic time series derived from Summit Greenland ice cores as bundles which 
appear to define a "Bond cycle" whose characteristic period is approximately 10 kyr 
and which appear to be initiated by individual "Heinrich events". We have 
developed a series of models which explore the extent to which the D-O oscillation 
may be understood to be a natural mode of internal variability of the thermohaline 
circulation of the Atlantic ocean that exists under glacial boundary conditions. As 
we have shown (Sakai and Peltier, 1997, J. Clim. ) our model of the THC actually 
"fibrillates" in response to the anomalous P-E forcing that is required to reduce the 
high latitude salinity to the low values that are known to characterize the glacial 
state. More recently this same Hopf bifurcation mediated transition has been shown 
to occur in a simple box model which is a modest extension of that originally 
introduced by Stommel. With the latter model it has also proven possible to 
acceptably mimic the Bond cycle by modulating the applied P-E anomaly in the 
way suggested by the repetitive nature of the Heinrich events. 

GLOBAL AND REGIONAL OPTIMAL AVERAGES AND ASSO- 
CIATED ERROR ESTIMATES OF ANNUAL OBSERVED SUR- 
FACE TEMPERATURE ANOMALY. 

N.A.Rayner (1) and T.M.Smith (2) 
(1) Hadley Centre for Climate Prediction and Research, Meteorological Office, 
U.K., (2) NOAA Climate Prediction Center, Washington D.C.,U.S.A.. 
nraynerCmeto.gov.uk 

Global and regional optimally averaged combined land air and sea surface tem- 
perature anomalies, with respect to 1961-90, are presented with their associ- 
ated uncertainties, the optimum averaging procedure uses covariance EOFs of 
observed surface temperature anomalies, combined with data from the NOAA 
National Centers for Environmental Prediction Reanalysis over the poles, to 
specify their statistical structure. Input data were gridded annual 5" area Cli- 
matic Research Unit land air temperature and Meteorological Office Historical 
Sea Surface Temperature (MOHSST6) anomalies. The latter were first cor- 
rected before 1942 for changes in instrumentation with time. Estimates of the 
sampling uncertainty of each gridded anomaly, and the uncertainty of the in- 
strumental corrections were input. The results are an average of the available 
annual data, combined according to their reliability and position with respect to 
the main modes of variability of the field, and an estimate of the possible error 
in this average allowing for all data-voids. Decadal average error estimates are 
calculated using annual errors. From this we can say that the decade 1988-1997 
was significantly warmer than the decade 1978-1987 and all previous decades 
back to the 1860s. 

CLIMATIC RECONSTRUCTION IN EAST AFRICA FOR 6,000 YR 

B.P. FROM POLLEN DATA 

O. Pevron1-2, R. Bonnefille', D. Jolly3, and J. Guiot2 

(I) CNRS CEREGE, B.P 80, 13545 Aix-en-Provence, France; (2) IMEP, CNRS, 
case 451, fac de St-Jeröme, F-13397, Marseille cedex 13, France; (3) GSG, Depart, 
of Plant Ecology, Lund University, Sölvegatan 37, S-223 62 Lund, Sweden 

Comparisons of reconstructed paleoclimates from proxy-data with AGCM 
simulations provide a way to evaluate mechanisms of climate changes and to 
test how weir models simulate the climates of the past. The 6ka time slice is 
a major focus of the paleoclimate modelling community. Africa is a key region 
to study changes in monsoon strength and extension through time. To 
provide quantitative and spatial estimations of the 6 ka climate in East Africa, 
we used three different methods : (1) the classic best analogues method; (2) 
the best analogues method with a lake-level constraint; (3) the plant 
functional type method based on a combination of pollen types grouped 
according to plant ecology. 
A modern pollen dataset including 450 samples and a dataset of 33 pollen 
samples for 6 ka were used. The bioclimatic parameters reconstructed are 
the moisture index and the annual precipitation amount. Results shows an 
East Africa climate globally wetter at 6ka than today. This feature is 
consistent with the lake-levels which were higher than at present. Results are 
spatially consistent but the reconstructed climate for the sites located at very 
high elevation is less good. 

COMBINED DYNAMICAL AND STATISTICAL MODELLING FOR THE 
INTERPRETATION OF IN SITU PALEO RECORDS 

fierphiifd K. Reichert and Lennart Bengtsson 
Max-Planck-Institute for Meteorology, Bundesstr. 55,20146 Hamburg, Germany 
Email: reichert@dkrz.de, phone: +49 40 41173 130, fax: +49 40 41173 298 

Recent proxy data obtained from ice-core measurements, dendrochronology and 
valley glaciers provide important information on the evolution of the regional or local 
climate. General Circulation Models integrated over a long period of time could help 
to understand the forcing mechanisms (external and internal) of natural climate 
variability. For a systematic interpretation of local paleo proxy-records, a combined 
method of dynamical and statistical modelling is proposed. It is anticipated to simulate 
local paleo records by first undertaking a model consistent statistical downscaling and 
then use a forward modelling approach to obtain the behaviour of valley glaciers and 
the growth of trees under specific conditions. The simulated records can be compared 
to actual proxy-records in order to investigate whether e.g. the response of glaciers to 
climatic change can be reproduced by models and to what extent climate variability 
obtained from proxy-records (last millenium) can be represented. For statistical 
downscaling, a multiple linear forward regression model is used with the assumption 
that local weather conditions can be determined by large scale flow patterns of the 
atmosphere. For any locally observed weather parameter, sets of large-scale predictors 
at various pressure levels are used. It is found that daily data are required due to strong 
dependence on individual synoptic scale patterns. For development of the model, daily 
values of ECMWF-Reanalysis data are used. The results of the statistical model are 
then applied to a long integration of an ECHAM4 / Mixed Layer Ocean experiment 
and a GCM simulating preindustrial climate variability. 

B 
INTERDECADAL CLIAIAIL VARlABlLlii wt« mt ,>URint.».< 
BLACK SEA COAST ASSOCIATED WITH THE CHANGES IN THE 
COUPLED OCEAN-ATMOSPHERE SYSTEM 

A.B.Polonsky, and E.N.Vokresenskaya 
Marine Hydrophysical Institute of the Ukrainian, Academy of Sciences, 2 
Kapitanskaya St.,335 000. Sevastopol, Republic of the Crimea, UKRAINE 

The aim of the talk is to discuss the low-frequencychanges of the hydrometeorological 
and hydrographicparameters overthe coastal zoneof theNorthemBlackSeageneratedby 
the global changes in thecoupled ocean-atmosphere sytem. Regional archive ofthe 
Marine Hydrophysical Institute for 1950 to I994was used for the analysis of 
high-amplitude decadaltointerdecadalvariabilityoftemperatureandsalinity in the 
N.W.Black Sea.The typical magnitudeof the decadal changes of monthlySST/SSSm 
thissea region is of lC/1.5psu. High-correlated decadal-scale changes of the 
sealevelpressure over theNorth Atlantic, ofthe air temperature and precipi-tation over 
the Crimea, and of theBlack Sea riverdischarges in 1906 to 1994 were examined using 
mon-thly and yearly historical data sets.Our recent andearlier results shown that the 
decadal-scale varia-bility in the coupled system over the North Atlant-ic Ocean is due 
mostlyto the inherent changesofthe oceanic meridional heat fluxes there. The 
asso-ciated changes of temperature.pressure and cyclonicactivity over the 
Central/EastemEurope cause theBlack Sea coastal changes. 

THE ROLE OF THE INDONESIAN THROUGHFLOW IN EQUA- 
TORIAL PACIFIC THERMOCLINE VENTILATION 

Keith Rodgers 
Max Planck Insitute fur Meteorologie, Hamburg, Germany. 

The role ofthe Indonesian Throughflow (ITF) in the ventilation ofthe equa- 
torial thermodine of the Pacific Ocean is explored using a primitive equation 
ocean circulation model. Model results for a model domain with an open In- 
donesian passage are compared with runs for a closed Pacific domain. Three 
cases are presented: a run with no throughflow, a run with 10 Sv of imposed ITF 
transport, and a run with 20 Sv of imposed ITF transport. For each case the 
model is forced at the sea surface with seasonally varying wind stress fields, and 
surface heat fluxes are calculated using an atmospheric boundary layer model. 
Two idealized tracers are advected online to distinguish between thermochne 
waters of northern and southern origin which ventilate the equatorial ther- 
modine. There are two principle findings to this study; first, that the mixing 
ration of northern to southern component waters in the equatorial thermochne 
is highly sensitive to the ITF transport, and second, that the sea surface tem- 
perature in the eastern equatorial Pacific exhibits a strong sensitivity to the 
ITF transport. The implications for thermal budgets in the Pacific Ocean are 

discussed. 

C695 



LATEGLACIAL AND HOLOCENE CLIMATIC HISTORY IN GREAT 
BRITAIN FROM LAND SNAIL ASSEMBLAGES. 

D.D. Rousseau. (Unlverslte- Montpellier II, 
Palcoenvironnements & Palynologic, Institut des Sciences de 
l'Evolution, UMR CNRS 5554, case 61, pi. E. Bataillon, 34095 
Montpellier cedex 05 France). R. Preece (Department of 
Zoology, University of Cambridge, Cambridge, United 
Kingdom) & N. Limondin-Lozouet (CNRS, Laboratoire de 
Geographie physique (URA CNRS 141), 1, place A. BRIAND, 
92195 Meudon Cedex - France). 

Here we present a high resolution record from a Lateglacial- 
Holocene land snail succession from S.E. England. 
Temperature estimates, derived from the best analogues 
technique. Indicate a cooling trend, between 14,500 and 
12,600 cal BP. of 4° in summer and 8" in winter to the 
Younger Dryas event. The strong warming following the 
Younger Dryas stadial corresponds to increasing values of 
the same magnitude in 600 years. A cooling event, weaker 
than the Younger Dryas, of V in both seasons is recorded 
between 8,000 and 8,500 cal BP. These reconstructions from 
an European Holocene continental sequence are in 
agreement with fluctuations already described in North 
Atlantic, Mediterranean, and ice cores and African and 
Tibetan lakes records. 

AN ANALYSIS OF   ITALIAN LONG TEMPERATURE AND 
PRECIPITATION TIME SERIES 

L. Vaccaro (*), A.M. Siani (*), A. Pilozzi (**), F. Mangianti (***) 
and S. Palmieri (*) 

(*) University of Rome "La Sapienza", Dept of Physics, Piazzale A 
Moro 2, 00185 Rome, Italy 

(**) Consulting meteorologist, Rome, Italy 
(***) UCEA ,Via del Caravita 7a,   00186 Rome, Italy 

A preliminary analysis of a number of Italian temperature and daily 
rainfall long time series is offered. After a.preliminary investigation 
of time series homogeneity, the investigation is carried out in order 
to detect trends, abrupt changes or frequency peaks, indicators of 
climate change. A discussion of results is offered in the frame of 
climate model simulation output. 

MULTIFRACTAL "NATURAL CLIMATE VARIABILITY" 

F. Schmitt, (Institut Royal MCtiSorologique, Sect. Climatologie Dynamique, 3 
avenue eirculaire, B-l 180 Bruxelles). 

In order to detect a possible anthropic influence on climate one needs an accurate 
modelling of "natural climate variability". This modelling is usually done with a 
Gaussian noise, used as input into climate models. With a carefull scaling analysis, 
using wavelets, we show that various climate data show multifract'al statistics: they 
are scaling and intermittent, with extreme events much more frequent than would 
give a Gaussian noise. This indicates that Gaussian noise or random walk stron»lv 
underestimate the variability. The latters are additive processes whereas multifractals 
correspond to multiplicative processes, displaying long-range correlations. 

In the framework of this more realistic modelling of natural climate variability 
it is quite possible that the recent "proofs" of human influence on climate no longer 
hold. s 

VARIATIONS OF THE DEUTERIUM EXCESS OVER THE LAST 
CLIMATIC CYCLE IN THE VOSTOK ICE CORE 

F. Vimeux (1), v. Masson (1), J. Jouzel (I), M. Stievenard (1) and J.R. 
Petit (2) 
(1) Laboratoire de Modelisation du Climat et de I'Environnement, CEA 
Saclay, France, (2) Laboratoire de Glaciologie et Gcophysique de 
rEnvironnement, CNRS, Grenoble, France 

Isotopic records measured along polar ice cores are currently used to 
reconstruct paleotcmperatures. In order to obtain additional information 
on the water cycle, attention has been more recently paid to the deuterium 
excess (d), defined as the deviation from the meteoric water line : d = 6D 
- 88 O. Simple isotopic models have shown the dependency of d to the 
characteristics of the moisture source (sea surface temperature, relative 
humidity, surface wind speed). 
We have measured a continuous deuterium excess profile over the last 
climatic cycle back to 150 kyr along the Vostok ice core. The d 
fluctuations are interpreted in terms of changes in the moisture origins. 
A strong anticorrelation between d and obliquity suggests a modulation 
of high latitudes moisture sources by changes in sea ice extent. 
High values of d during cold stage 5d compared with lower d values 
during cold stages 2, 4 and 6 could be explained by the supcrimposition 
of two effects at stage 5d : less moisture from the high latitudes (a lower 
atmospheric circulation at high latitudes), and more moisture from the 
low latitudes (tropical ocean still warm during stage 5d). 

18   KA   BIOMES   RECONSTRUCTED   FROM   POLLEN   AND   PLANT 
MACROFOSSIL DATA FROM NORTHERN EURASIA: 
PALAEOCLIMATIC INTERPRETATION 

P.E. Tarasov (11 and J. Guiot (1) 
(1) Laboratoire de Botanique Historique et Palynologie, Marseille 

Newly compiled pollen and plant macrofossil data from northern Eurasia were used 
to reconstruct vegetation of the last glacial maximum. That reconstruction was done 
with a quantitative method of biomization (Prentice el at., 1996). At 18 ka tundra 
dominated a large area north of 57°N latitude at the place of modern cold deciduous 
and taiga forests. Cool steppe was reconstructed south of that latitude where cool 
mixed and temperate deciduous forests grow today. Taiga appeared northeast of the 
Black Sea, ca 1500 km south of its present limit in the European Russia, while in 
south-western Siberia taiga was reconstructed only slightly south of its southern limit 
today, suggesting the influence of the Scandinavian ice sheet was more pronounced 
west of the Urals. Broad-leaved trees were confined to the eastern coast of the Black 
Sea, where cool mixed and cool conifer forests reconstructed at 18 ka. The limited 
pollen data from central Asia and Mongolia do not provide evidences that vegetation 
was substantially differ from today. Reconstructed vegetation changes have been 
explained by the global cooling and change in the atmospheric circulation. Dty and 
cold north-easterly winds from the Scandinavian glacial anticyclone entered eastern 
Europe and southward shift of the westerly jet caused wetter conditions in southern 
Europe as far as western Georgia. These results are a contribution to the IGBP- 
PAGES sponsored Biome6000, PEPIII and PMIP projects. 

SEASONALITY    OF    LOW-FREQUENCY    VARIABILITY    IN 
EARLY-INSTRUMENTAL TEMPERATURES 

S.L. Weber and M.V.Shabalova 
Royal Netherlands Meteorological Institute (KNMI), P.O. Box 201, 3730 AE 
De Bilt, The Netherlands. 

Earlier analyses of instrumental data (e.g. Briffa and Jones, 1993) showed the 
existence of season-specific features of natural climate variability on timescales 
up to a few decades. It is often argued that on longer timescales variability 
is independent of seasonally. We have addressed this issue by analysing the 
7 long early-instrumental temperature records available for Europe. Spatially 
coherent oscillations are identified by applying (Multichannel) Singular Spec- 
trum Analysis. Analysing summer and winter records separately,, we found that 
the patterns of low-frequency variability (timescales larger than 50 years) are 
clearly season-specific. This holds both with and without the inclusion of the 
industrial segment. Winter temperatures show a slow warming, which is syn- 
chronous at all locations. Summer temperatures exhibit a timescale of about 
150 years with a complex spatial pattern. Variability on this timescale is masked 
in the annual-mean data, because fluctuations in summer and winter tend to 
cancel. This implies that, also on longer timescales, summer and winter temper- 
ature patterns are controlled by different mechanisms. Consequently, networks 
of paleo proxies, which are used for reconstructing low frequency variability 
patterns, have to be seasonally homogeneous. Joint analysis of seasonally hcl 
mogeneous paleo and early-instrumental data sets shows consistent variability 
patterns. 
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SENSITIVITY OF THE ATMOSPHERIC GENERAL CIRCULA- 
TION MODEL ECHAM 3 TO DIFFERENT GLACIAL SEA SUR- 
FACE TEMPERATURES 

U.Wyputta 
Universität Bremen, FB 5 — Geowissenschaften, Postfach 33 04 40, D-28334 
Bremen, Germany. 

Model-data comparisons within the Paleoclimate Modelling Intercomparison 
Project (PMIP) exhibit disagreements between the model output and the proxy 
data in some regions. These disagreements may either be caused by model 
inaccuracies or by unproper boundary conditions used by PMIP. 
Here, the sensitivity of the atmospheric general circulation model ECHAM 3 
to different boundary conditions for the last glacial maximum is investigated. 
In a first experiment the model is forced by CLIMAP sea surface temperatures 
(SSTs) as agreed upon within PMIP. For a sensitivity study the CLIMAP SSTs 
in the North Atlantic are replaced by new reconstructions of Sarnthein et al. 
Compared with the results based on PMIP boundary conditions, the changes of 
the model response to modified SSTs are very local and quite strong. Changes 
of the atmospheric parameters like surface air temperature occur mainly over 
the North Atlantic and Eurasian continent. The results of this investigation 
suggest that uncertainties in SST are important and may account for some of 
the model-data disagreements. 

OA17 Climate     variability:     models     and 
observations (joint with SE) 

03     Climate    variability:     time    scale 
interactions 

Convener: Slingo, J.M. 

THE INTERACTION BETWEEN INTRASEASONAL AND. INTERANNUAL 
VARIABILITY AND ITS RELEVANCE FOR THE SEASONAL 
PREDICTABILITY OF THE ASIAN SUMMER MONSOON. 

Annamalai. H and IM. Slingo (CGAM, Department of Meteorology, University of 
Reading! Reading, UK) 

Using ECMWF and NCEP Reanalyses the dominant modes of interannual and 
intrascasonal variability have been identified. These show a common mode which 
describes the latitudinal displacement of the Tropical Convergence Zone from its 
oceanic to continental regime. On intraseasonal timescales this mode appears to 
describe the active/break cycles of the monsoon associated with northward 
propagating events. Using these results, the relationship between intraseasonal 
variability and seasonal mean anomalies has been investigated. 

SENSITIVITY OF THE CLIMATE OF A GCM TO THE 
BOUNDARY LAYER PARAMETERIZATIONS 

V.A.Alexeev. J.R.Bates (Niels Bohr Institute of Astronomy, Physics and 
Geophysics, University of Copenhagen, Juliane Maries Vej 30, DK-2100, Copen- 
hagen 0, Denmark) 

The sensitivity of the Global AGCM [1] to the parameterization of vertical 
diffusion in the boundary layer has been studied. Two PBL packages (Helfand 
and Labraga [2] and Z.Janjic [3]) are being compared in climatic runs for the two 
years 1987 and 19SS with prescribed sea surface temperatures. The sensitivity 
of the model's angular momentum cycle and poleward transport of energy, 
which are climatically of great importance was the main subject of interest 
in this study. These and other model properties for the two vertical diffusion 
schemes are compared both in long-term (2 year) runs and short-term (4 month) 
ensemble integrations. 

[1] J.RBates, S.Moorthi, and R.W.Higgins, 1993: A global multilevel atmo- 
spheric model using a vector semi-lagrangian finite-difference scheme. Part I: 
adiabatic formulation. Mon. Wea. Rev., Vol.121, 244-263. 

[2] Helfand, H.M., and J.C.Labraga, 1988: Design of a non-singular level 
2.5 second order closure'model for the prediction of atmospheric turbulence. J. 
Atmos. Sex., 45, 113-132. 

[3] Janjic, Z.I., 1994: The step-mountain coordinate model: further devel- 
opment of the convection, viscous sublayer, and turbulence closure schemes. 
Mon. Wea. Rev., Vol.122, No.5, 927-945. 

IMPACT OF SST FORCING ON THE MONSOONS OF 1987/88 

K. Arpe and P. Tschuck 
Max-'Planck-Institut für Meteorologie, Hamburg, D-20146 Germany. 
arpeCdkrz.de 

The interaction between ENSO and the monsoon was pronounced during 
the MONEG years 1987/88. Some of the AMIP simulations carried out with 
ECHAM captured the difference between the poor and the good Indian mon- 
soon in these two years. The importance of the SST is investigated by rerunning 
the model without SST anomalies for different starting dates in early to late 
spring. Results for Indian rainfall and upper level velocity potential will be 
shown, and the importance of the SST forcing compared to impacts from, e.g. 
the land surface discussed. 
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SIMULATION OF INTERDECADAL HEAT 
STORAGES AND HEAT BUDGETS IN THE 
UPPER 400 m OF THE PACIFIC OCEAN 
Guillermo AuaH. Arthur J. Miller. Warren B. \Vhitt 
Climate Research Division. Scripps Institution of Oceanographv. 
9300 Oilman Dr. La Jolla. CA 92093 
e-mail: guilIo5ucsd.edu. 

We use a primitive equation isopycnal model of the Pacific Ocean 
to simulate and diagnose the anomalous heat balance on inter- 
decadal timescales associated with heat storage changes observed 
from 1970-SS in the XBT dataset. Given the smallness of the in- 
terdecadal signals compared to the dominant EN'SO signal, the 
agreement between model and observations is remarkabtv good 
and encourages future studies aiming to shed light on the'poorlv 
understood interdecadal timescale. 
The interdecadal total (diabatic plus adiabatic) heat balance in the 
North Pacific Ocean is characterized by a complicated interplavof 
different physical processes, especially revealed in basin-scale "av- 
erages of the the heat budget components which have comparable 
amounts of variance. 
The diabatic heat balance north of ■24"X. can be simplified to a bal- 
ance between the tendency term . surface heat flux and meridional 
advection. the latter term dominated by anomalous advection of 
mean temperature gradients. 
An important finding ts the identification of two interdecadal 
timescales. roughly 10 y and 20 y. both similar to those reported 
by other investigators. The 20-y timescale is onlv present in dia- 
batic heat budget components, while the 10-y timescale is present 
in both diabatic and adiabatic components." The role of the at- 
mospheric forcing by surface heat flux is far more important for 
interdecadal timescales than for EN'SO timescales. 

A DYNAMICAL STABILIZER IN THE CLIMATE SYSTEM: 
A MECHANISM SUGGESTED BY A SIMPLE MODEL 

J.R.Bates, Danish Center for Earth System Science, University of 
Copenhagen, Juliane Maries Vej 30, 2100 Copenhagen O. 
jrb@gfy.ku.dk 

A fundamental question in climate research is that of how climate 
stability is maintained. A simple conceptual atmosphere-ocean model 
using parameterizations derived from observations has been developed 
which indicates that there may be a dynamical mechanism based on 
the poleward angular momentum transport (AMT) contributing to 
climate stability. A study of the observed seasonal variation of AMT 
across 30° N shows that it can be parameterized in terms of tropical- 
extratropical 500hPa height differences. The AMT is used to 
determine the surface winds and evaporation in the model. Infrared 
energy loss from the surface is parameterized in a way that includes 
the positive water vapour feedback. Analytical solutions are obtained 
which show that the dynamical feedback due to the AMT counteracts 
the water vapour feedback and holds the model climate stable. 

DO WESTERLY WIND BURSTS LLMIT ENSO PREDICTABILITY? 

M. BalmasedaJ. Alves, D. Anderson, J. Segschneider and T. Stockdale. 
European Centre for Medium Range Weather Forecast Shinfield Park. Reading RG2 
9AX. UK" 

A conceptual model for ENSO is that of the Delayed Oscillator, according to which 
ENSO would consist in a redistribution of energy in the upper ocean with a timescale 
determined by ocean wave dynamics. Under this scenario, the tropical atmosphere 
would play a passive role, acting as a "slave" of the ocean. Several models that showed 
significant skill in ENSO predictions were based on these hypothesis. 

Thanks to the great improvement of the observing system over the last decade it has 
been possible to monitor the development of a large El Nino event right from the 
beginning. The occurrence of strong westerly wind burst preceding (or triggering?) the 
onset of the 96/97 El Nino suggests that the high frequency variability of the 
atmosphere may play a more important role in ENSO than previously thought. This 
fact may have relevant consequences for seasonal predictability. The development of 
the 96/97 El Nino as analyzed and forecast by the ECMWF will be presented, and the 
role of the westerly wind bursts discussed. 

INTRASEASONAL KELVIN WAVES IN THE TROPICAL PA- 
CIFIC 

R.E. Benestad (1), R.T. Sutton (2) and D.L.T. Anderson (3) 
(1) Klimaavdelingen, DNMI, Postboks 43, Blindem, N-0313 Oslo, Norway., 
(2) CGAMP, Dept. of Meteorology, University of Reading, Reading, UK, 
(3) ECMWF, Shinfield Park, Reading, RG2 9AX. U.K.. 

Equatorial Kelvin waves are a prominent component of the intraseasonal vari- 
ability in the tropical Pacific. While the linear theory of these waves has long 
been known many aspects of their behaviour, for example their relationship 
to ENSO, remain poorly understood. In recent years the development of the 
TAO array and the availability of accurate altimetry have greatly increased our 
knowledge of intraseasonal Kelvin waves. The use of this data in conjunction 
with numerical models offers an unprecedented opportunity for detailed studv 
of these waves. 
We have investigated the effect of ENSO on intraseasonal Kelvin waves with 
an OGCM forced with realistic surface fluxes. La Nina conditions reduce the 
west-east Kelvin wave transmission and Kelvin waves are slower during the 
cold ENSO phase. The intraseasonal Kelvin waves are more strongly damped 
during La Nina, due to increased viscosity, (resolved) eddy energy transport by 
Tropical Instability waves, and downward energy propagation. Partial reflection 
off the west-east sloping thermocline may also account for some reduction of 
the Kelvin wave amplitudes in the eastern Pacific. There is no evidence for 
wave breaking, or energy transfer between the baroclinic modes. 

COMPARING SIGNALS OF ENSO AND NAO FOR SELECTED REGIONS 
OF THE NORTHERN HEMISPHERE 

J. Bartholy, R. Pongräcz (Department of Meteorology, Eötvös University Budapest, 
Hungary) 

It has been demonstrated that ENSO phenomenon influences many climatic variables 
of different regions of the Earth. The North Atlantic Oscillation (NAO) has also 
some climatic effects. However the accuracy of estimating statistically the climatic 
variables using directly indices of Southern Oscillation and NAO indices are, limited 
due to, among others, the autocorrelation and multi-correlinesrity among these 
variables. The main idea of the paper is to develop a relatiojijrhip between those 
indices and large-scale patterns of atmospheric circulation over the area examined. 
Then an analysis of atmospheric circulation patterns (CPs) is used to explain the 
linkage between large-scale forcing and local climatic response via a conditional 
probability framework. Given such a relationship the accuracy of estimating local 
climatic variables from ENSO can be expected to increase. First, the CPs will be 
defined and the CP time series will be described. Then, the time series of 
hemispherical large-scale circulation will be compared for the different oscillation 
events. The frequency distributions of time series of CP types under different phases 
were compared. Then, for the new systems some climate parameters were compared. 
This procedure was used for midlatitudes in the Northern Hemisphere (Atlantic 
European and Western U.S. region). 

THE INFLUENCE OF MTOLAmUDE OCEAN/ATMOSPHERE COUPLING ON THE 
LOW-FREQUENCY VARIABILITY OF A GCM WITH TROPICAL SST FORCING 

Ilrana Rlarfc 

JISAO/University of Washington, Seattle, WA, USA. 
ilcana@atmos.washington.edu 

In this study we investigate the impact of midlatitude ocean/aunosphcre interactions on 
the atmospheric circulation and, in particular, on the extratropical response to ENSO- 
type forcing. Two GCM simulations with and without an interactive mixed-layer ocean 
in midlatitudes and with realistic SST variability in the tropical Pacific are performed. 
We find that midlatitude coupling alters the spatial organization of the atmospheric 
low-frequency variability in qualitatively the same manner (but not to the same extent) 
as tropical SST variability, namely by selectively enhancing certain of the pre-existing 
(natural) dominant modes without significantly modifying them or generating new 
ones. While tropical SST forcing results in a notable amplification of the PNA mode of 
the model, midlatitude coupling appears to favor the regional zonal index circulations 
in the eastern and western Pacific. As a result, coupling qualitatively modifies the 
structure of the extratropical response to ENSO-like tropical SST forcing by conferring 
Westem-Pacific-likc characteristics to this remotely forced signal, thereby improving 
its resemblance to the observed ENSO teleconnection pattern, while weakening its pro- 
jection onto the PNA mode. Coupling also increases the persistence of the overall sig- 
nal. The simulated covariability in the Pacific sector possesses the same kind of 
interannual/intraseasonal duality exhibited by the observations. This implies that two- 
way air/sea interactions and ocean dynamics may not play an essential role in determin- 
ing the large-scale spatial structure of the observed dominant modes of covariability. 
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ON LONG EQUATORIAL WAVE REFLECTION 

J.-P. Boulanger (1) and C. Menkes (1) 
(1) Laboratoire d'Oceanographie Dynamique et de Climatologie, Paris, France. 

Long equatorial wave reflection at the Pacific ocean boundaries are studied over 
the period October 1992-April 1997 using TOPEX/POSEIDON sea level and 
ERS wind stress data. At the eastern boundary, Kelvin waves are observed to 
reflect into first-mode Rossby waves with a reflection efficiency of 75% of that 
of an infinite meridional wall. However, reflected long Rossby wave amplitudes 
are observed to decrease strongly while propagating westward. Indeed, west of 
HOW, the Rossby signal is mainly dominated by wind forced Rossby waves 
and not by Kelvin reflection at the eastern boundary. This result dismisses the 
role of eastern boundary Kelvin wave reflection as a major contributor to the 
Rossby signal in the central Pacific. At the western boundary, the reflection 
of the first two Rossby waves does explain most of the Kelvin wave variance. 
The large contribution of the second Rossby wave reflection to the Kelvin wave 
illustrates the crucial role played by the Papua-New Guinea asymmetric coasts 
close to the equator. A spectral analysis of the wave and wind signals in the 
western Pacific shows that the first three Rossby waves propagating west of 
the dateline are mainly wind forced near the dateline at periods of two to 
four years. Finally considering only the low-frequency component of the wave 
signal, the reflection efficiency at the irregular western Pacific ocean boundary 
(mainly the Borneo/Indonesia/Asia and Australia/New Guinea land masses) 
is estimated to be around 50% of that which would be reflected from a solid 
meridional wall. 

A GENERICALLY INTRASEASONAL SOUTHERN OSCILLA- 
TION OF THE ATMOSPHERE-LAND SYSTEM? 

Peter Carl 
Max-Planck-Institut für Meteorologie, Hamburg, Germany. 

The Southern Oscillation (SO) has recently been found to possess a structured 
low-frequency (LF; 4-7 year) band. Coexistence of at least two related modes 
throughout the century has been confirmed by the present author in a study 
of the modal structure of Indian monsoon time series. There is reasonable sus- 
picion that one of these modes might correspond to a phenomenon found a 
couple of years ago in an in-depth empirical study of the attracting mani- 
fold of a coarse-resolution, two-layer, tropospheric General Circulation Model 
(GCM): A self-maintaining, generically intraseasonat Southern Oscillation of 
the atmosphere-land system that develops at the GCM's attractor sets under 
boreal post-midsummer conditions—although temporally fixed SST fields are 
applied. The nature, occurence and performance of this SO and of its interan- 
nual LF 'daughter' mode are presented in detail, and Indian summer monsoon 
(ISM) as well as SO time series of the GCM are analyzed in view of their 
respective interannual to interdecadal modal structures. Internally generated, 
centennial-scale variability that exhibits 'epochal' character is traced back to 
constructive interaction across the annual forcing scale of ISM retreat dynamics 
resulting in a biennial mode, the annual forcing itself, and the SO. Preliminary 
comparison to observed modal structures of both ISM and SO is made in view 
of a potential method of GCM verification. 

A STUDY OF SCALE INTERATION IN THE ANOMALIES EQU- 
UATORIAL ATLANTIC 

W. Cabos, M.J. OrtizBevia and J.J. Jimenez 
Departamento de Fisica. Universidad de Alcalä. Ctra. Madrid-Barcelona Km 
33,600, Alcalä de Henares, E-28871 Madrid. 
jjj«ws3.fsc.alcala.es/Fax: [34] 1 885 49 42 

Different simulations of the interanual variability of the tropical Atlantic are 
intercompared. While the evolution of the episodic warmings/coolings is mon- 
itored through the zonal and meridonal sea surface temperature anomalous 
gradients, the generation of the events is better represented in terms of the 
anomalous heat content of the surface layers. Thorugh model output statistics, 
this heat content can be related to other features of the simulation, like mixed 
layer depth, or surface currents. The interaction between scales is studied, by 
including among other variables, some derived from the forcings (anomalous 
wind stress and curl) through integration. 

ON THE MODAL STRUCTURE OF INDIAN MONSOON ONSET 

Peter Carl 
Max-Planck-Institut fur Meteorologie, Hamburg, Germany. 

As start-up of a two-week episode that results in establishment of the Indian 
summer monsoon (ISM), onset over Kerala (MOK) is not only an economi- 
cally important reference signal but signifies also a key singularity of the global 
seasonal cycle. Sampled annually once at intersection between climate regimes, 
monsoon onset and retreat series are generally viewed here to represent natural 
Poincare sections that might help dismantling topologically relevant climate in- 
formation. A complex dynamical picture is inferred from the scarce data base 
provided by high-quality MOK, northeast monsoon onset (NEMO), and ISM 
retreat series which are available for different timespans of the 1870-1990 pe- 
riod. Synchronized with an 8 year mode, the densely populated 2-3 year band 
exhibits three marked components centered by a 2.24 year mode that leads 
NEMO. A relatively strong 11 year NEMO mode is growing throughgout the 
century. Prominent MOK modes of the 4-7 year band are argued to belong 
to distinct atmosphere-land and atmosphere-ocean oscillators. MOK/NEMO 
phase relationships carried by the latter underwent systematic changes dur- 
ing the 20th and 50th. apparently controlled by modified beat periods. Both 
sunspot and double (Hale) cycles appear to be unimportant in the dynamic or- 
ganization of the climate system as reflected in these series. Frequency relation- 
ships and their changes tend to follow selection rules of the Farey (continued- 
fraction) tree. Two climate fluctuations of the century, standing out as shifted 
means in both MOK and NEMO, indicate decadal-scale interhemispheric mass 
displacement apparently related to the status of the North Atlantic Oscillation. 

A ESTUDYN OF HYDROLOGIC VARIABILITY OF DOURO RIVER 
BASIN 

F. Caramelo  (Dept. de Fisica Unv. de   Trans os Monies e Alto Douro, Vila 
Real, Portugal) 
M.D. Manso Orgaz, (Dept. Fisica. Univ.de Aveiro, 3810 Aveiro, Portugal) 

Recently, the study of climate variability in the Iberian Peninsula has 
attracted considerable interest. Knowledge of behaviour and evolution, in space 
and time, of the mathematical series, which correspond to the different climate 
elements, is important due to its social and economic repercussions. In this 
respect, the flow series and precipitation series are of particular importance. 

In this study, the variability exhibited by those series at the Douro River 
Basin, as well as the analysis of the principal rotated and unrotated components 
series and precipitation series are investigated. 

Flow and precipitation have been simulated as a function of both altitude 
and the estimated laplacian of the altitude. The results obtained with the models 
allow us to relate flows and precipitation to the geographic pattern of the region. 

The application of spectral method (Rapid Fourier Transform) have also 
shown oscillations which are characteristic of flow and precipitation. 

GLOBAL CIRCULATION PATTERNS ASSOCIATED WITH ATMOSPHE- 
RIC FORCING BY SEA SURFACE TEMPERATURE 

T M Castanheiraf n. C. C. DaCamaraf2). A. RochaQ) 
(1,3) Department of Physics, University of Aveiro, 3810 Aveiro, Portugal 
(2) Department of Physics, University of Lisbon, 1000 Lisboa, Portugal 
E-mail: (1) jcast@fis.ua.pt, (2) ccamara@correio.cc.fc.ul.pt, (3) arocha@fis.ua.pt 

In this study an assessment is made on the interannual variability of the atmospheric 
circulation simulated by an R21 version of the Melbourne University AGCM. For 
this purpose, covering the period 1979-88, an ensemble of 10 independent simu- 
lations has been produced, the model being forced by prescribed fields of observed 
sea surface temperature and sea ice cover. Internal and forced variabilities were 
analysed throug use of a 3-D normal mode expansion scheme of geopotential and 
wind fields, allowing a separation between barotropic and baroclinic as well as gra- 
vitic and rotational components. A complex principal component analysis (C-PCA) 
was then performed on barotropic and fourth baroclinic modes, associated with both 
internal and forced variabilities. With respect to modes associated with internal 
variability, the PNA teleconnection pattern appears as the first global EOF for both 
barotropic and fourth baroclinic modes. In the case of modes associated with forced 
variability, C-PCA reveals as first EOF patterns resembling the one proposed by 
Karoly (1989. J. Climate, 2) in the case of barotropic and the Walker Circulation in 
the case of fourth baroclinic mode. PCs associated with two forced patterns present 
high values of correlation (resp. 95% and 97%) with the cold tongue El Nino index. 
Results of projections of global NCEP reanalysis (1973-96) onto forced patterns, as 
well as correlations with an El Nino index, will finally be presented. 
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ROLE OF INDIAN OCEAN SSTs ON THE ASIAN SUM- 
MER MONSOON 

F. Chauvin. J.-F. Royer and D.B. Stephenson 
(Meteo-France, 42, avenue G. Coriolis. 31057 Toulouse Cedex. France) 

There is evidence that a link exists between ENSO and the Asian sum- 
mer monsoon, but the mecanism is not known clearly, particularly the 
respective parts of variability of the monsoon explained by remote or 
local impact of the SSTs. For the third year of the EEC funded SHIVA 
project, we propose to investigate the role of Indian ocean SSTs on the 
summer monsoon. For this purpose, we run the ARPEGE/CLIMAT 
GCM, developed at Meteo-France. The model is forced with composite 
global SSTs. These composite fields are based on all the 9 possible com- 
binations of climatologkal SSTs, 1987 and 1988 observed SSTs specified 
separately for the Indian and Pacific ocean basius. A T31 troncature 
(grid spacing of 3.8°) has been choosen for this experiment, giving a 
satisfactory representation of the Asian summer monsoon at a low com- 
putational cost. The period of integration starts on the last day of 
February and finishes at the beginning of October, so as to cover the 
entire period of the Asian summer monsoon, including onset, mature 
phase and retreat. 

HIGH AND LOW FREQUENCY INTRASEASONAL VARIANCE OF OLR 
ON ANNUAL AND ENSO TIME SCALES 
A H. Fink and P. Speth (Institut für Geophysik und Meteorologie der Universität zu 
Köln, Kerpener Str. 13, D-50923 Köln, Germany) 
D.G. Vincent and J.M. Schräge (Department of Earth and Atmospheric Sciences, 
Purdue University.West Lafayette, IN 47906, U.S.A.) 

Using 20 years of outgoing longwave radiation (OLR) observations, the complex 
behaviour of the higher (6-25 day) and lower (25-70 day) frequency bands of tropical 
intraseasonal convective oscillations is investigated over the tropical and subtropical 
Indian and Pacific Oceans (including Australasia). Emphasis is given to the mean 
annual cycle and to the interannual variability of both bands on ENSO lime scales, as 
well as to the interaction between the two bands. The strongest intraseasonal signals 
are, for the most part, aligned with the Intertropical Convergence Zone (ITCZ) and 
South Pacific Convergence Zone (SPCZ). In some cases, the 6-25 day signal is not 
co-located with the Madden-Julian Oscillation (MJO) signal and/or occurs remotely 
from the ITCZ. Over the equatorial eastern Indian Ocean, strong activity in both 
bands persists throughout the year, but the bands are found to be ami-correlated 
regardless of the ENSO phase. 
The effect of ENSO time scales is further examined by looking at DJF anomalies for 
five El Nifio and two La Nifla events during our 20-year sample. A well-defined 
response of the two bands is restricted to the northwestern and central Pacific. Over 
the northwestern Pacific Ocean the two bands complement one another with sup- 
pressed (enhanced) convection occurring during El Nifio (La Nifla) events. Both 
bands also complement each other over the equatorial central Pacific, but are out-of- 
phase with those in the western Pacific on ENSO lime scales. In contrast, over the 
Australian monsoon region and the eastern Indian Ocean, neither band shows a uni- 
form response in terms of anomalous activity when the latest five ENSO warm 
events, 1977-78,82-83,86-87,91-92 and 92-93, are considered. 

D. Dommeneet and M. Latif (Max-Planck-Institut fuer Meteorologie, Bundesstr. 55, 
D-20146 Hamburg, Germany) 

Analyses of monthly mean sea surface temperature (SST) from different coupled 
global circulation models (GCMs) were conducted. The simulations employ a 
hierarchy of ocean and atmosphere models which differ in the spatial resolution and in 
the processes simulated in the ocean models. The frequency spectra of the SST 
anomalies are basically dominated by the red noise characteristics of a AR( 1 )-process. 
but the GCM simulations also show signifcant differences from that of a 
AR(I)-prozess over large regions. In general, a steeper slope relation to the expected 
omega to power(-2)-slope is found in the GCM simulations. This can be attributed to 
internal low frequenzy variability of the atmosphere and/or to atmosphere-ocean 
interactions. The differences due to atmosphere-ocean interactions are important for 
interannual and decadal SST variability and predictability. They will be further 
investigated and discussed in this talk. 

QBO SIGNALS IN THE MONSOON SYSTEM IN GCM 
EXPERIMENTS 

M.A. Giorgetta. L. Bengtsson, and K. Arpe 
Max-PIanck-Insütut für Meteorologie, 20146 Hamburg, Germany 
giprgetta@dkrz.de 

In order to study the relationship between the QBO and the monsoon system, 
GCM experiments have been performed, using the ECHAM4 T42-L19 
model, where the QBO was assimilated by a linear relaxation technique. A 
comparison of experiments with opposite phases of the QBO, but otherwise 
equal boundary condition, showed a linear relationship between the change in 
cloud amount and change in temperature at 100 hPa in regions of deep con- 
vection. The QBO related signal in OLR cloud forcing reinforces the QBO 
induced temperature signal at the tropopause further, thus providing a posi- 
tive feedback mechanism. The resulting difference in precipitation between 
the easterly QBO and westerly QBO experiments reaches 100 to 150 mm/ 
month in the equatorial Indian Ocean in winter and in the tropical western 
Pacific in summer. Thus the experiments show that the QBO, which is driven 
by tropical waves with periods of a few days, contributes substantially to the 
interannual variability of the monsoon system. This may help to explain 
observed biennial components of the variability of the tropospheric circula- 
tion. 

THE INFLUENCE OF SOLAR VARIABILITY ON THE VARI- 
ABILITY OF THE CLIMATE SYSTEM 
S. Drijfhout and R. 3. Haarsraa 
Royal Netherlands Meteorological Institute, 3730 AE de Bilt, The Netherlands. 
haarsmaCknmi.nl/Fax: [31] 30 2210407 

The role of solar variability as a cause of decadal to centennial climate change is 
still a topic of debate. We assess the response of a coupled General Circulation 
Model (GCM) to an estimate of the solar variability since 1700, and to a series 
of idealized sinusoidal solar forcings with periods ranging from 11 to 160 years 
and amplitudes ranging from 0.5 Wm~- to 6.0 H'm"3, superimposed on a con- 
stant forcing of 1365 \Vm~-. The reponse to a variable solar forcing is compared 
to the internal variability resulting from large-scale ocean-atmosphere-sea-ice 
interactions. It is found that locally, and on the regional scale, the internal 
variability dominates and that a variable solar forcing hardly affects the dom- 
inant modes of variability and their explained variance. On the continental to 
global scale however, and averaged over periods longer than 30 years, the solar- 
induced variability dominates internal variability in the averaged, annual mean 
surface air temperature (SAT). This seemingly contradictionary result can be 
explained by the fact that the internal modes of variability are only weakly 
correlated with changes in globally averaged, annual mean SAT. The latter is a 
consequence of the structure of all the internal modes of variability, which are 
characterized by patterns of both positive and negative temperature anomalies. 

THE INTERANNUAL VARIABILITY OF THE MADDEN- 
JULIAN OSCILLATION IN AN ENSEMBLE OF GCM EXPER- 
IMENTS. 

S. Gualdi (I), A. Navarra (1) and G. Tinarelli (2) 
(1) IMGA-CNR, Via Gobetti 101,40129, BOLOGNA, Italy, (2) ENEL-CRAM, 
Via Rubattino 54, 20134, MILAN, Italy. 
gualdiCimga.bo.cnr.it/Fax: [39] 51-639 8019 
The interannual variability of the Madden-Julian Oscillation (MJO) is inves- 
tigated in an ensemble of 15 experiments performed with the ECHAM4 T30 
GCM. The model experiments have been performed with AMIP conditions from 
January 1979 to December 1993. The MJO signal has been identified by means 
of a Principal Oscillation Pattern (POP) analysis applyed to the normalized 
ensemble anomalies of the 200-mb equatorial velocity potential. 
Some evidence of a sensitivity of the simulated MJO activity to the sea sur- 
face temperature (SST) over the equatorial Indian Ocean and Pacific is found. 
The interannual variability of the simulated oscillation, in fact, appears to be 
significantly correlated with the equatorial SST in the Indian Ocean. The re- 
sults indicate also a clear influence of the El Nino/Southern Oscillation phase 
on the spatial distribution of the intraseasonal oscillation activity . During the 
warm phases of ENSO. the largest activity appears to migrate eastward into 
the central Pacific, whereas, during the cold phases, the strongest activities are 
confined in the western Pacific. 
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ASSESSING THE INFLUENCE OF ENSO FORCING ON 
SYNOPTIC ACTIVITY IN THE TROPICAL ATLANTIC. 

C.G.Jones and C.D.Thomcroft 
Department of Meteorology, University of Reading, Reading RG6 

6BB.U.K. 

The tropical Atlantic Hurricane season of 1997 was unusually inactive. 
Given that the Sea Surface temperatures (SSTs) in the tropical Atlantic 
were slightly warmer than the long term mean during the Hurricane sea- 
son, this is somewhat surprising. It has been suggested the large ampli- 
tude El Nino, occurring simultaneously in the tropical Pacific, 
contributed to the relative inactivity in the Atlantic. Physical mecha- 
nisms for how this can occur are unconvincing. A hierarchy of General 
Circulation Models and high resolution Limited Area Models along 
with available observational data sets, will be used to assess the influ- 
ence of the tropical Pacific on the tropical Atlantic . Results wilt be re- 
ported indicating by which mechanisms anomalies in the tropical 
Pacific SSTs can directly influence synoptic activity in the tropical At- 

lantic. 

Sensitivity to resolution studied with a variable horizontal 
resolution global circulation model 

V.Lorant.J-F.Royer 
Meteo-France, 42 Av. Coriolis, Toulouse, France 

The atmospheric genera/ circu/ation model ARPEGE used at AfETEO- 
FRAXCE for climate studies is a spectra/ model t/iat offers the possi- 
bility ot varying the horizontal resolution. This allows to increase the 
resolution over the region of interest while keepinga reasonable cost in 
computer time. However, this technique may he non-isotropic when the 
contrast between the highest and the lowest resolution of the streched 
grid is strong. This problem becomes critical when the model's physical 
parametrizations are quite sensitive to the horizontal resolution. In the 
present study, numerical simulations are performed with the stretched 
version of ARPEGE-Climat in order to investigate fhe resolution de- 
pendence of moist processes and precipitation simulated by the variable 
resolution model with idealized boundary conditions corresponding to 
an "aquaplanet". The Earth is covered with an ocean whose prescribed 
surface temperature has a zonally symetric latitudinal distribution. Sim- 
ulations bring to the fore some disymetric structures along the equator, 
due to the varying resolution. Such results are very sensitive to the 
choice of some physical parameterization, such as the cloud scheme or 
as the closure's condition in the convective scheme. 

MODIFIED ERTEfS POTENTIAL VOR 11U TY AS A CLIMATE VARLABLL SEASONAL FORECASTS WITH A COUPLED AOGCM. 

M.V.Kurgansky (1) and LAPisnichenko (1,2) 
(1) Russian Academy of Sciences, Obukhov Institute of Atmospheric Physics. 
Moscow, 
(2) Centre for Weather Forecast and Climate Investigations/National Institute of Space 
Research(CPTEC/INPE), Cachoeira Paulista-SP, Brazil 

Existing arbitrariness in Ertel's potential vorticity (PV) definition is used to arrive at an 
"optimal" PV modification which refers to minimum (in the least squares sense) of the 
material time-rate of change of PV due to diabatic heating an friction. Simultaneously, 
a problem of determination of an idealised atmospheric climate state with the highest 
possible degree of annihilation of diabatic and frictional PV forcing is solved. A 
minimisation procedure is applied to a difference of informational entropy (IE) values 
between actual air mass distribution on PV values over each Hemisphere and the 
corresponding statistically equilibrium (Boltzmann) distribution and used for searching 
for optimal PV definition. Method efficiency is shown, using monthly-mean January 
and July statistics for 1980-89 years period (ECMWF data). Interannual variations of 
statistical characteristics of the optimally modified PV field are analysed and related to 
air changes over Antarctic and Arctic in the 1930s. 

Pascal     Marquet,     Mdteo-France,     Centre     National     de     Recherche 
Meteorologiques, 42 Av. Coriolis. 31057 Toulouse Cedex 1. FRANCE 

Research activities have been conducted at M&e'o-France in the field of seasonal 
predictability with ARPEGE atmospheric GCM, as part of PROVOST program. 
In these studies ARPEGE is forced with analyzed observed SST. 
A new set of experiments have been recently realized in order to determined the 
impact on long-range predictability when ARPEGE GCM is coupled with the 
LODYC-OPA7 ocean model, but only over a limited area (the tropical Pacific 
region "TDH"). We have studied 4 winter cases (JFM averages from 1990 to 
1993, after a December spin-up period). There is 9 experiments for each year, 
with a shift varying from 1 to 9 days before the 1st December, for both 
atmospheric and oceanic restarts. 
Results will be presented and comparisons will be made between the two set of 
uncoupled and partially coupled experiments, in terms of 
(i) possible seasonal drift induced by changes in SST over the coupled area; 
(ii) probable increase in intra-seasonal variability caused by the new degree of 
freedom brought by the coupling; 
(iii) expected change in the objective scores computed when comparing the 
climatology and the experiments. B 

COWTRIBtJTIOH TO THE ANALYSIS OF IBERIAN PENINSULA 
CLIMATE VARIABILITY 

Solange Mendonca Leite'1-" and Joäo Andrade Santos111 

(l)Deparcment of Physics, UTAD, Vila Real, Portugal 
(2)Geophysical Centre, University of Lisbon 
E-mail: solange3utad.pt 
E-mail: jsantos@utad.pt. 

The atmosphere and its climatic mean state are 
constantly evolving on many time and space scales. Our 
research in Iberian Peninsula is devoted to identifying 
regimes on intermediate time scales, on the order of 
several years to decades, in the hope that their 
presence can be used for understanding and possibly 
predicting climate fluctuations. 
The method of principal component analysis is applied to 
link together spacial and temporal components of air 
temperature and precipitation in Iberian Peninsula. The 
variability of these climatological fields are broken 
into several orthogonal patterns, each one explaining a 
fraction of the total temporal variance. These ranked 
patterns are analysed and possible physical processes 
are assigned to the predominant eigenvectors. 
A selected network of more than one hundred weather 
stations with records between 1960 and 1990 is used as 
data base to isolate the principal modes of variability 
of temperature and precipitation fields in Iberian 
Peninsula. 

RELATIONS BETWEEN NAO, PNA, AND ENSO OSILLATIONS IN 
SEASONAL WINTER SIMULATIONS WITH FOUR AGCMs 

C. Martineu and S. Parey 
EDF/DER/Environment Department, 6 quai Watier 78400 Chatou, France 
christine.martineu@der.edfgdf.fr/Fax :+33-1-30-87-83-34 

In the framework of the European project PROVOST (PRediction Of 
climate Variations On Seasonal and interannual Timescales), nine 
simulations of each of the winter seasons of the period 1980-1994 have 
been performed with four different atmospheric models in SST-forced 
mode : the UKMO model, the ECMWF model, Arpege Climät model of 
Meteo-France (T42), and Arpege Climat with a higher resolution of T63 
(this latter set of simulations being calculated at EDF). This provides an 
important multi-model ensemble to study the reproduction of the main low 
frequency oscillations occuring at extratropical latitudes (PNA and NAO 
patterns) and their possible modulation by different oceanic factors. We 
identify clusters or modes of atmospheric low frequency variability in 
these sectors and we look for typical structures of the oceanic forcing 
associated to each of these atmospheric patterns. A particular attention is 
paid to the possible modulation of the NAO by different possible external 
sources : NAO-PNA interactions, extratropical or tropical oceanic forcing 
influence on the NAO (in particular : interactions with the three El Nino 
and one La Nina events involved in the period studied). 
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THE ROLE OF LAND SURFACE PROCESSES IN INTERAN- 
NUAL VARIABILITY OF THE LMD GCM. 

Katine MAYNARD (1), Jan POLCHER (1), and Katia LAVAL (1) 
(1) Laboratoire de Meteorologie Dynamiquedu CNRS, Paris, FRANCE 

The Asian Monsoon displays substantial interannual variability which has pro- 
found social and economic consequences for the people of India and South East 
Asia. An understanding of the causes of this interannual variability is central 
to future success in seasonal and longer term prediction. The aim is to diag- 
nose interannual variability in the LMD GCM and to explore the links between 
the regional and large scale aspects of interannual variability. Various mecha- 
nisms have been proposed to explain the interannual variability of the monsoon. 
These include land surface processes and Eurasian snow cover. Although weak 
monsoons are frequently associated with El Nino, the correspondence between 
the strength of the rainfall and the strength of ENSO is relatively weak. Part of 
the variability in this relationship may result from other slowly varying bound- 
ary conditions, such as soil moisture, vegetation and Eurasian snow" cover. The 
aim of this study, is to identify the role of land surface processes anomalies, 
particularly in the months preceding the monsoon, in determining the interan- 
nual variability of the monsoon, including their relationship with ENSO. 
The results of an ensemble of six integrations for the years 1950-1994 with the 
complex land surface scheme (Sechiba) and an integration for the same years 
with a simplified land surface scheme are used. Our aim is to characterize the 
forced and internal variability and the impact of the change in land surface 
processes on these vari abilities. 

NATURAL CLIMATE VARIABILITY ON ALL TIME SCALES 
FROM A STOCHASTIC ATMOSPHERE-OCEAN MODEL 

J.D. Pelletier 
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA. 
jonegps. ealtech. edu/Fax: 626-585-1917 

After removing annual variability, power spectral analyses of local atmospheric 
temperature from hundreds of stations and ice core records have been carried 
out from time scales of 10~3 to 10* yr. A clear sequence of power-law behaviors 
is found as follows: (1) from 40 ky to 1 My a flat spectrum is observed, (2) from 
2 ky to 40 ky the spectrum is proportional to /"' where / is the frequency, and 
(3) below time scales of 2 ky the power spectrum is proportional to /" J. At 
time scales less than one month we observe that the power spectra of continental 
stations become proportional to /" » while maritime stations continue to have 
power spectra propotional to /" I down to time scales of one day. To explain 
these observations, we model the vertcial transport of heat in the atmosphere as 
a stochastic diffusion process. The power spectrum of temperature fluctuations 
at the earth's surface expected from this model equation in a two-layer geometry 
with thermal and eddy diffusion properties appropriate to the atmosphere and 
the ocean and a radiation condition at the top of the atmosphere agrees with 
the observed spectrum. This model can be used as a null model against which 
to test for the presence of periodicities and anthropogenic effects on the climate 
system. 

THE DYNAMICS OF EURO-ATLANTIC BLOCKING ONSETS 

P.-A. Michelangeli (1) and R. Vautard (2) 
(1) RPN, Environnement Canada,  Dorval, Quebec,  CANADA H9P  1J3, 
(2) Laboratoire de Meteorologie Dynamique du CNRS, Paris. FRANCE. 
Paul-Antoine.Hiehelangeli«ec.gc.ca/Fax: [+1] 514 421-2106 

The low-frequency extratropical variability is highly influenced by the occur- 
rence of some particular large scale circulation flow patterns, the weather 
regimes. The mechanisms leading to one of those regimes, the euro-atlantic 
blocking, are investigated using observed data and outputs of a simple QG 
model. A large scale and small scale composite analysis indicates that euro- 
atlantic blocking events have two simultaneous precursors identified on both 
observed and simulated data: a high latitude retrograding wavenumber one pat- 
tern at planetary scale and an enhanced baroclinic wavetrain traveling across 
North Atlantic at synoptic scale. The question whether the two above precur- 
sors are necessary and sufficient conditions to trigger euro-atlantic blocking 
is addressed by performing various sets of initial-value experiments performed 
with the quasi-geostrophic model. 

COLPLED SlODES OF VATUABfLTTY BTTvvEl.N "st-Rr A«, t. 
TEMPERATURE IN PORTUGAL, 500 hPa HEIGHT AND SEA-LEVEL 
PRESSURE 

M. G. Pereira* and C. C. DaCamara" 
* Department of Physics, University of Trßs-os Montes e Alto Douro, Vila Real, 
Portugal 
•• Department of Physics, University of Lisbon, Lisbon, Portugal 
E-mail: gpereira@utad.pt 
E-mail: ccamara@correio.cc.fc.ul.pt 

A long-term climatologies! analysis is performed over non-seasonal standardised 
monthly means of surface temperature at 15 stations in Portugal, 500 hPa height 
(Z500) and sea-level pressure (SLP) for a region including North Atlantic and Western 
Europe, covering a period of 34 years from June 1955 to May 1989. A Principal 
Component Analysis was performed and, as expected, leading PCA modes showed to 
be in good agreement with the synoptic-climatological experience as well as with 
results from previous works. In order to relate surface temperature variability with 
large scale circulation characteristics, a direct Singular Value Decomposition (SVD) 
as well as a Canonical Correlation Analysis (CCA) were applied to surface 
temperature and either Z500 or SLP fields, allowing to isolate pairs of spatial patterns 
that tend to synchronously occur. A multiple linear regression model was then 
developed between first PC of temperature and two sets of three best correlated PCs of 
Z500 and SLP. The CCA was used as the fitting process, obtained canonical 
correlation coefficient reaching 65% for the first mode. Predictions were performed 
and obtained values of statistics that measure forecast skill indicated acceptable results. 
Quality of obtained predictions using a cross validation scheme was finally evaluated 
through use of skill scores, allowing to conclude that this model has a better 
performance than either climatology or persistence. 

ON THE INFLUENCE OF NORTH ATLANTIC SST ANOMALIES 
ON THE ATMOSPHERE 

W. A. Norton (1), S. P. Jewson (2), R. T. Sutton (2) and C. G. Jones (2) 
(1) Atmospheric, Oceanic and Planetary Physics, University of Oxford, U.K., 
(2) Centre for Global Atmospheric Modelling, Department of Meteorologv, Uni- 
versity of Reading, U.K.. 
«anCatm.ox.ac.uk 

A satisfactory understanding of how mid-latitude SST anomalies influence the 
atmospheric circulation has remained remarkably elusive. Past studies of this 
problem have yielded divergent results. There is, however, a good deal of ev- 
idence to suggest that the time mean reponse can only be understood by ref- 
erence to changes in the high frequency transients; that is, to changes in the 
frequency, intensity, or spatial distribution of mid-latitude weather systems. 
We are investigating the influence of SST anomalies on the statistics of Atlantic 
weather systems. We have carried out a large ensemble of integrations with the 
UKMO atmosphere GCM and are focussing in particular on the influence of 
SST anomalies in a key region of cyclogenesis off the SE coast of the U.S.A. 
Changes in sensible and especially latent heat flux in this region due to changes 
in SST could modulate the strength of the North Atlantic Storm Track which 
could influence low frequency variability such as the North Atlantic Oscillation. 
We will report results from seasonally varying integrations through the northern 
mid-winter and spring. 

THE RECENT ABATEMENT OF EASTERLY WINDS IN THE 
NORTHERN ADRIATIC 

P.A. Pirazzoli (1) and A. Tomasin (2) 
(1) CNRS - Laboratoire de Geographie Physique, Meudon, France, pirazzol@cnrs- 
bellcvue.fr, (2) Universitä "Ca' Foscari" di Venezia and CNR, Italy 

Easterly winds from the northern Adriatic contribute, together with atmospheric 
depressions and the often decisive blowing of southerly winds from the southern 
and middle Adriatic, to produce damaging sea surges in the Gulf of Venice. A new 
statistical analysts of three-hourly wind records from Trieste for the period 1951- 
1997 has shown a clear decline in the strength of bora and other easterlies. This 
abatement is not accompanied by a strengthening of winds from other directions, 
but by more frequent calm situations (from 26% of total observations in the 1950s 
to 44% during the last ten years, and even to over 60% during the early 1980s). 
Similar (though weaker) declining trends for the easterlies have been recorded at 
other stations in the northern Adriatic (Ronchi, Venice). An inspection of 
previously published data from Trieste suggests that such trends may have been 
going on, possibly with minor fluctuations, since at least the beginning of regular 
instrumental records, in the late 1860s. Such changes in wind pattern, which have 
favourable effects on the frequency of coastal flooding, may be due, at least in part, 
to interdecadal climate variability. However, the persistence of certain trends 
suggests variability over a longer time scale, with in particular less frequent 
situations with strong atmospheric pressure gradients between highs in 
central/eastern Europe and lows in southern Italy or in the Adriatic area. 
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SOME QUANTITATIVE SIGNATURES OF CLIMATE 
VARIABILITY ON   TIME SCALES OF SOLAR FORCING 

A. Prigancovä (1), C. Poulakos and B. Petropoulos (2) 
(1) Geophysical Institute, Slovak Academy of Sciences, Bratislava 
(2) Research Center for Astronomy and Applied Mathematics. Athens 

geofpriaSsavba.sk/Fax: +421-7-375 278 

In spite of advanced knowledge in the field of weather systems, the ade- 

quate climate scenarios intend deeper insight into the drivers of climate 
changes. The overcentennial records available for such meteorological 
parameters as an air temperature T and precipitation totals P allow 
to judge their evolution on time scales of solar forcing, a quantitative 
basis being applied. The interannual, annual, decadal and secular varia- 
tions are discussed from the viewpoint of possible modulation. Although 
the uncertainties are significant enough due to quite a large scatter of 
AT and AP fluctuations, the modulation features in their profiles are 
unambiguous and persistently documented by data from a number of 
European meteorological stations. Their mutual comparison in terms of 
peculiarities of X and P development averaged within different portions 
of a year gives some idea as to the ways how to enhance the confidence 

level of prediction of climate changes in future. 

THE ENSO SIGNATURE ON WINTER RAINFALL OVER THE 

IBERIAN PENINSULA 

Alfredo Rocha and Margarida Belo 
Departamento de Fi'sica, Universidade de Aveiro, 3810, Aveiro, Portugal 
e-mail: arocha@fis.ua.pt / Fax: 351-34-24965 

The strong ENSO event currently underway has been drawing much 
attention due to its impacts world-wide. This study investigates de influence 
of the ENSO phenomenon on the winter rainfall over the Iberian Peninsula. 
The analysis is based on observed rainfall data and on an ensemble of ten 
10-year long simulations with prescribed AMIP SSTs and sea-ice coverage 
generated by the Melbourne University General Circulation Model 
(MUGCM). Each of the 10 simulations started from different initial 
conditions randomly obtained from an earlier 30-year control simulation. 
Results show that, in average, ENSO is associated with weak negative 
regional rainfall anomalies (-10 %) both in the observations and in the 
model. However, the ENSO signature over the region for distinct events 
varies substantially. Winter rainfall appears to be weakly influenced by 
ENSO. The high intra-seasonal and intra-regional variability of winter 
rainfall also confirms the weak ENSO signal and the chaotic nature of 

rainfall in the region. 

VARIABILITY AND INTERACTION OF THE GLOBAL ATMOSPHERE 
CIRCULATION FORMS OVER THE ATLANTIC AND EUROPEAN 
SECTORS OF THE NORTHERN HEMISPHERE IN WINTER 

O. A. Razorenova (P.P.Shirshov Institute of Oceanology, RAS. Nahimovsky 
prosp., 36, Moscow, 117851, Russia) 

Investigation of the synoptic and global variability of the atmosphere circulation 
types over the Atlantic and European parts based on the parameters of the 
middle troposphere carried out. We considered the consecutive change of the 
various types of the atmospheric processes using Dzerdzeevsky's classification. 
Indexes of the atmosphere circulation calculated by the different methods were 
studied as one of the important characteristics of the predominant circulation 
regime. Amplitude-phase characteristics of the indexes were accounted by using 
original method proposed by Reva (1995). 
We studied as simple circulation mechanisms make zonal and meridional types 
of the atmospheric processes. The results allowed to determine structure of the 
natural synoptic seasons and distinguish the intraannual stages of the 
atmospheric processes. Such approach gave us a possibility to investigate the 
characteristics of the winter circulation epochs over the Atlantic ocean and 
Europe for the period from 1950 to 1990. 

WAVE PACKETS OBSERVATIONS IS THE EARTH'S Cl'SP RECION, 
AT THE MAGNETOPAUSE, AND INSIDE OF THE PLASMA SHEET BY 
THE MEASUREMENTS ON BOARD OF INTERBALL-TAIL PROBE. 

S.Romanov (t). S.KIimov (I). V.Lutsenko (1), S.Savin (I). V.Romanov (I). 
N. Borodkova (1), Yu. Yuchniewich (2). J.-A. Sau\aud(3). 
(1) Space Research Institute, 117810 Profsojusnaia St.. 84/32. Moscow .Russia 
(2) Space Research Center. 00-716 Warsaw. Bartycka 18A. Poland 
(3>CESR,CNRS. Toulouse, France 
sromanov(Ä\mcom.lz.space.ru/Fa.\: -7(095] 310-7023 

A new method of the wave analysis based on the idea of two types of the vector 
variables correlative dependencies ('scalar' and 'vector' ones) have been 
developed and applied to the magnetic Held data obtained on board of the 
INTERBALL-1 satellite. This method allows to do the efficient spectral analysis 
of vector variables and rapidly find the wave vectors angular distribution and 
polarization states of the electromagnetic and magneto-hydrodynamic plasma 
waves. The low frequency wave properties was studied in the three different 
regions of the magnetosphere: in the high-latitude cusp region, at the 
magnetopause, and in the plasma sheet, during the higher level of wave 
activity (partially bounding with substorms). The discrete wave packets are 
characteristic for the low frequency variations in all these regions. Various 
events differ one from another by the wave mode composition. The ton- 
cyclotron wave packets corresponding to various ionosphere ton species are 
found in the high altitude cusp region-and in the tail plasma sheet. In contrast, 
the spectra composed completely from packets of the linearly polarized 
compression mirror waves were observed nearby the high latitude 
magnetopuuse in time of the strong magnetosphere compression under the blow 
of the high density plasma cloud coming from the Sun on January II, 1997. 

1 
INTERANNUAL VARIABILITY OF THE OCEAN- 
ATMOSPHERE SYSTEM THROUGH GLOBAL GENERAL CIR- 
CULATION MODEL RESULTS: THE PACIFIC OCEAN 

S. Raynaud (1), S. Speich (1) and G. Madec (2) 
(1) Laboratoire de Physique des Ocean, Brest, France, (2) Laboratoire de 
D'Oceanographie Dvnamique et de Climatologie, Paris, France. 
raynaudCuniv-brest.tr/Fax: 33.(0).2.98.0l.64.68 

A Coupled General Circulation Model is used to study the interannual vari- 
abilty of the climate system of the global domain with a focus on the Pacific 
Ocean. Two simulations are analysed in order to compare the effects of the 
parametrisation of the lateral diffusion in the ocean model (horizontal versus 
isopycnal diffusion). 
Sophistaticated analysis tools such as Multichannel Singular Spectrum Anal- 
ysis and Canonical Correlation Analysis are used to perform these analyses. 
We focus our attention on the El Nino phenomenon particularly present in 
the isopycnal run. The goal of the work is to better understand the processes 
responsable for the spatial and temporal pattern of the phenomenon. The two 
simulations, differing only by their ocean physics, don't show the same oscilla- 
tions. It can attributed to a different mean state and to the dynamics associated 
with the isopycnal diffusion. In this way. the role of the salinity may be non 
negligeable. The connections with the northern and southern midlatitudes are 
also discussed. 

THE SOIL-PRECIPITATION FEEDBACK: A STUDY WITH A 
REGIONAL CLIMATE MODEL 

Christoph Schär (1), Daniel Liithi (1), Urs Beyerle (1) and Erdmann Heise (2) 
(1) Atmospheric Physics ETH, Zürich, Switzerland, (2) German Weather Ser- 
vice, Offenbach, Germany. 
schaerOatmos.umny.ethz.ch 

Monthlong integrations with a regional climate model are utilized to study the 
sensitivity of the summertime European precipitation climate with respect to 
the ambient soil moisture content. Experiments are conducted for July 1990 
and 1993. For each of the two months, the control experiment is compared 
against two sensitivity experiments with dry and wet initial soil moisture dis- 
tributions. These experiments yield pronounced differences in the precipitation 
climate, and suggest that the location of the boundary between the wet Atlantic 
climate to the north, and the dry Mediterranean climate to the south, is heavily 
affected by the continental-scale initial soil moisture content. The investigation 
of the mean daily cycle throughout the integration period demonstrates that 
the physical mechanism underlying the soil-precipitation feedback is related to 
the development of the diurnal boundary layer and its interaction with soil, 
boundary layer, radiative and convective processes. Over moist soils, these pro- 
cesses act in concert to yield higher values of the moist entropy in the early 
afternoon boundary layer, and thereby to increase the potential for convective 
activity. The results suggest that soil moisture is a major factor affecting the 
summertime European precipitation climate, with implications for the seasonal 
cvcle and the interannual variability. 
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INTRASEASONAL VARIABILITY OF THE INDIAN MONSOON 

B. Sconcia and B. Hoskins 
Department of Meteorology, University of Reading, UK. 
swr96bcs0reading.ac.uk 

The intraseasonal variability of the Indian Monsoon can be thought of as alter- 
nating active and break periods associated with two distinct preferred locations 
of the tropical convergence zone (TCZ), over the Indian sub-continent and over 
the equatorial oceanic region. Using the ECMVVF re-analysis (ERA) data set 
for 1979-1993 a "climatology" of the active and break regimes has been pro- 
duced. This has been done by spatially averaging daily precipitation data over 
two regions associated with the two preferred locations of the TCZ. Using these 
daily spatial averages, active and break periods have been identified and their 
composite structures examined. It is found that active and break periods have 
significantly different flow regimes associated with them over a large region in 
both the upper and lower troposphere. The different diabatic heating stuctures 
associated with the two regimes have been used to drive a simple numerical 
model and the resulting structures compared with the "climatology". The next 
stage is to run the model with the proportion of active and break heating 
determined by the flow itself. 

A CLIMATOLOGY OF ONSET DATES OF THE ASIAN SUM- 
MER MONSOON 

P. Tschuck and K. Arpe 
Max-Planck-Institut für Meteorologie, Hamburg, D-20146 Germany. 
tschuckCdkrz.de 

Synoptic and intraseasonal variability lead to variations of the onset date of 
the Asian summer monsoon, and blur the predictability of this and other vi- 
tal events like active/break phases. An objective method is used to find local 
onset dates and break days from daily precipitation and 850 hPa winds of 
the ECMVVF reanalysis and an AMIP-type simulation of the same resolution 
(T106). The method uses local July precipitation as a threshold to cope with 
the high spatial variability and the biases in both ERA and ECHAM precipi- 
tation. The onset date lines are found to be sensitive on two different criteria 
for precipitation (3 consecutive heavy rain days vs. five day running means). 
The high resolution model ECHAM4 simulates a very realistic low level jet over 
the Arabian Sea both in strength and timing. Still, the onset in central India 
occurs a week earlier than in the reanalysis. Whether this and other biases 
of monsoonal precipitation are due to the land surface scheme, the convective 
parameterization, or the lack of realistic air-sea interactions is unknown. 

ON THE PREDICTABILITY OF INTERANNUAL VARIATIONS IN THE 
ACTIVITY OF THE MADDEN JULIAN OSCILLATION. 

J. M. Slinyo (CGAM, Department of Meteorology, University of Reading, Reading, 
UK) 
D. P. Rowell (Hadley Centre for Climate Prediction and Research, Bracknell, UK) 
K. R Sperber (PCMDI, LLNL, Livermore, CA USA) 

The Madden-Iulian Oscillation (MJO) is the dominant mode of tropical variability at 
intraseasonal timcscales. It displays substantial interannual variability in intensity 
which may have important implications for the predictability of the coupled system. 
Using the NCEP 40-year Reanalysis and the results from a 4-member ensemble of 45 
year integrations with the Hadley Centre climate model, forced by observed SSTs for 
1949-94, the relationship between MJO activity and SST has been investigated. The 
implications of the results for the predictability of the tropical ocean-atmosphere 
system will be discussed. 

THE PACIFIC COLD TONGUE AND THE ENSO MODE IN A 
FULLY COUPLED ZEBIAK-CANE MODEL 

P.C van der Vaart (1), H.A Dijkstra (1) and F.F Jin (2) 
(1) Institute for Marine fc Atmospheric Research Utrecht, Utrecht University, 
The Netherlands, (2) School of Atmospheric Sciences University of Hawaii at 
Manoa, Honolulu, HA . 
pvaartCfys.ruu.nl 

The equatorial Tropical Pacific Climate system is a delicate coupled system 
in which winds driven by gradients of sea surface temperature (SST) within 
the basin interact with the ocean circulation to maintain SST gradients. This 
results in a time-mean state having a strong zonal temperature contrast along 
the equator with an eastern cold tongue and a western warm pool. By the same 
coupled processes also interannual variability, known as El-Nino/Southern Os- 
cillation, is present in the Pacific. This variability can be attributed to an os- 
cillatory coupled mode, the ENSO mode, in the equatorial ocean/atmosphere 
system. When the amount of windstress per SST, i.e. the coupling strength be- 
tween the ocean and atmosphere, is changed this affects both the annual mean 
state and the ENSO mode. Using a Cane-Zebiak type intermediate coupled 
model, these linked features of the Pacific Climate are unified into one frame- 
work. The ENSO mode arises as a robust oscillatory mode on a coupled mean 
state and becomes unstable at sufficiently large coupling strength. The origin 
of this mode, its propagation mechanism, its relation to the spatial structure 
of the annual mean state and the interaction between the ENSO-mode and the 
seasonal cycle are considered. 

NUMERICAL STUDY OF THE IMPACT OF FIRST EIGENMODES 
OF SST VARIABILITY ON TROPICAL RAINFALL 

S. Trzaslca. Y. Richard, P. Roucou 
Centre de Recherches de Climatologie, Universite de Bourgogne/CNRS, 6 bd 
Gabriel, 21000 Dijon, France 
e-mail: crc2@u-bourgogne.fr 

The 4 first EOF of Sea Surface Temperature Anomalies (SSTA) are 
sufficient to document main spatial structures of SST variability known to 
influence tropical rainfall. Each of these spatial structures is concerned with 
privileged time-scales. Thus linear combinations of these modes allow the 
construction of idealised SSTA patterns involving different time-scales. 
Numerical experiments performed with the AGCM ARPEGE-CIimat 
(CNRM, Meteo-France) using these patterns enable to investigate SSTA- 
related changes in rainfall and atmospherical circulation in the Tropics. The 
relative impact of ENSO and decadal scale SST variability of the global 
ocean as well as the meridional gradient of SSTA in Tropical Atlantic are 
investigated. Special focus is made on three areas of interest: Nordeste, 
Southern Africa and Sahel. 

THE IMPLEMENTATION OF A NONLOCAL DIFFUSION 
MODEL IN THE HOPE OGCM 

M. van Eijk, G. Burgers and G.J. ran Oldenborgh 
Royal Netherlands Meteorology Institute, PO Box 201, De Bilt, The Nether- 
lands. 
vaneijktknmi.nl 

A nonlocal diffusion model, Large et al (1994), is implemented in the Ham- 
burg Ocean Primitive Equation model (HOPE) to establish an improvement in 
the simulation of mixed-layer dynamics in OGCMs. Preliminary results show- 
that, as compared to the the original mixed-layer parametrization of HOPE, 
differences are found in equatorial regions. The existence of barrier layers be- 
comes apparent in the warm pool region of the West Pacific. Also a change in 
magnitude and location of the equatorial currents is found. Finally a change 
in the density structure has an effect on the velocity of baroclinic equatorial 
waves. In the near future the performance of the nonlocal diffusion model will 
be evaluated against a bulk mixed-layer model and the results will be compared 
to data from observations. 
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TRACKING DOWN THE CAUSES OF THE 1997 EL NINO WITH 
AN ADJOINT OGCM 

G. J. van Oldenborgh 
KNMI, De Bilt, Netherlands. 
oldenborCknmi.nl 

The adjoint of the ocean general circulation model HOPE is used as a tool 
for investigating the causes of the 1997 El Nino. The adjoint computes the 
derivatives of the NIN'03 index A'3 to the forcing fields T(t) used by the ocean 
model (wind stress, heat and moisture) and the initial state A"0 (temperature, 
sea level, salinity and currents). Adjoint Kelvin and Rossby waves can be iden- 
tified in the sensitivities to sea level and wind stress at earlier times, which 
can be traced back for more than a year through western and weak eastern 
boundary reflections. The sensitivities to the heat flux and SST are local and 
decay in about a month. 
Approximating the observed anomalies as small deviations from climatology, 
N3(T) a dSya.Xo -«Lo + Ef-'o1 as*/6JrW -^('J. *■« can Pompöse 'he.rise 
in the NIN03 index in the model during late spring 1997 into contributions from 
the various westerly windbursts (ECMWF wind stresses in December/January. 
March and April),"other fluxes, and the preconditioning of the ocean at the 
beginning of December 1996 (ECMVVF analysis). 

INFLUENCE OF NAO INDEX TO SYNOPTIC WEATHER 
SITUATION OVER SWITZERLAND 

R. O. Weber, G. Stefanicki and P. Talkner 
Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland. 

Fifty years of daily synoptic weather situations over the central part of 
the Alps are considered. The Alpine region is a transition zone between 
the Atlantic weather regime, a continental regime and the regime of 
the Mediterranean Sea and, therefore, sensitive to changes in the large 
scale weather pattern. To characterize weather systems over Switzer- 
land, Schiiepp has defined synoptic weather types adapted to the Alpine 
region. Although these weather types are manually determined by ob- 
servers, they are defined by strict rules. Surface pressure and 500- 
hPa level maps of every day are used to derive parameters identify- 
ing Schiiepp"s weather types. Since the beginning of their records in 
1945 pronounced changes in the annual frequency of the weather types 
could be observed. It is analyzed how these changes might be related 
to changes in the North Atlantic Oscillation (NAO) index. In winter 
there is°a strong relation between the NAO index and the frequency of 
so-called high pressure situations. In summer the pressure pattern over 
the Atlantic influences the regional scale weather type to a much lesser 

extent. 

WESTERLY WIND BURSTS AND TRIGERES'G OF ENSO. 

J. Vialard and P. Delecluse (Laboratoire d'Ocianographie DYnamique et de 
Climatologie). 

The westerly wind bursts are thought to play a key role in ENSO 
variability. They often result in oceanic Kelvin waves which 
propagate toward the eastern part of the basin and raise the 
thermocline toward the sea surface. In this study, we concentrate more 
on their impact in the western and central Pacific. Analytic westerly 
wind stress anomalies are introduced at the air - sea interface of a 
coupled general circulation model. Their local effect is to increase the 
oceanic turbulence, and to destroy the salinity "barrier layer". The 
easterly surface currents anomaly results in a significant eastward shift 
of the western Pacific warm and fresh pool, which is associated with 
the formation of a thick barrier layer in the central Pacific. This 
situation might favour the growth of a coupled ocean - atmosphere 
instability. 

DECADAL ANOMALIES OF THE ANNUAL CYCLE IN SST AND SLP 
FIELDS IN THE NORTH ATLANTIC 

1.1. Zveryaev (P.P.Shirshov Institute of Oceanology, RAS, Nakhimovsky Ave., 36, 
117851. Moscow, Russia  e-mail: zveryaev@gulev.sio.rssi.ru) 

Based on the National Centers for Environmental Prediction (NCEP) data set and 
the Comprehensive Ocean-Atmosphere Data Set (COADS) analysis of the 
interdecadal changes of amplitudes and phases of annual cycle in sea level pressure 
(SLP) and sea surface temperature (SST) fields is carried out. Anomalies of the 
above mentioned characteristics are estimated for four decades (1951-1990). Spatial 
distribution of the anomalies of amlitudes of SLP is in agreement with that of the 
anomalies of decadal mean SLP and positive (negative) anomalies of amplitudes 
are related to negative (positive) anomalies of decadal mean SLP. During 1951- 
1960 and 1971-1980 anomalies of phases are not great (approximately 10 days). But 
decades with the lowest (1961-1970) and highest (1981-1990) values of the North 
Atlantic Oscillation Index demonstrated the great growth of phase anomalies and 
their spatial differentiation. Positive (negative) anomalies of phases mean here that, 
for instance, winter comes later (earlier) than usual. During 1961-1970 the negative 
phase anomaly (-15 days) is located in the western Atlantic and the positive one 
(-K55 days) near North Africa. During 1981-1990 the situation is reversed - positive 
(+25 days) anomaly in the western Atlantic, and the negative (-50 days) one near 
North Africa. Positive (negative) anomalies of amplitudes of SST are associated 
with negative (positive) anomalies of annual and winter means. Analysis of 
anomalies of phases of SST have not revealed significant interdecadal changes. 

OA17 Climate    variability:     models     and 
observations (joint with SE) 

04    Clouds    in    the    climate    system: 
observations and modelling 

Convener: Desbois, M. 

VALIDATION OF CLOUD SYSTEMS IN THE GENERAL CIRCU- 
LATION MODEL ECHAM4 BY USING THE NUDGING TECH- 
NIQUE 
H.-S. Bauer (1), L. Bengtsson (1), J. Feichter (1) and M. Stendel (1) 
(1) Max-Planck-Institute for Meteorology. 20146 Hamburg. Germany. 
stefan.bauerUdkrz.de/Fax: [+49)40 41173 3CC 

Clouds are an important regulator of the Earth's radiation budget and present 
a major link between radiation and the hydrological cycle. We use a different 
approach to validate clouds in ECHAM4 T106 and investigate the representa- 
tion of synoptic scale systems in 3 hourly stored data. The aim is to investigate, 
whether the realistic mean cloud amounts produced by the model are associ- 
ated with- a realistic representation of clouds in a higher temporal resolution. 
To do this we use the Newtonian relaxation technique (Nudging), which relaxes 
the model state towards «analysis data by adding a non physical relaxation 
term to the model equations. 
We present the representation of an extratropical cyclone. Vorticity. divergence 
temperature and surface pressure are nudged with ECMWF «analysis fields. 
The main characteristics of the cyclone are well reproduced by the model. This 
is true even for variables which are not relaxed. As an example strong cloud 
cover occurs in frontal and central regions of the surface low and in the upper 
troposphere the cloud deck is shifted to pre-frontal regions. The investigation 
shows that the nudging technique is a useful tool for model validation, since 
model parameterization* can be tested by comparing with distinct observed 
synoptic situations. 
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COMPARISONS OF MODEL GENERATED FLUXES WITH 
SATELLITE INFERRED FLUXES 

Franz H. Berger (1) and Burkhardt Rockel (2) 
(1) Institute for Hydrology and Meteorology, Dresden University of Technol- 
ogy, Piennerstr. 9, D-01737Tharandt, Germany, (2) Institute for'Atmospheric 
Physics, GKSS Research Center, Max-Planck-Str., D-21502 Geesthacht, Ger- 
many. 
bargerCforst.tu-dresd«n.d«/Fax: [49] 35203 381302 

For May 1993 and June 1993 radiation budget components at top of atmo- 
sphere and at surface were inferred from NOAA-AVHRR and Meteosat data. 
For the same time period model calculations with the regional model (REMO) 
were carried out to investigate the energy and hydrological cycle. The inves- 
tigated area covers the watershed of the Baltic Sea (defined in the BALTEX 
programme), approx. an area of 1800 x 3000 km2 with a resolution of 15 x 15 
km2. 
To calculate the radiation budget components at surface from remotely sensed 
data, a complex analysis scheme could be applied, where cloud types as well 
as their optical properties could also be derived. Before a detailled comparison 
between satellite inferred results, like fluxes at TOA and at surface or cloud 
cover, with modelled results could be carried out, the satellite fluxes could 
be validated with surface observations in advance. This allows to define the 
achieved accuracies. Based on the different satellite data (NOAA AVHRR - 
two obs. per day, but high spatial resolution; Meteosat - half hourly resolution, 
but poor spatial resolution) different intercomparisons will presented. 

SIMULATION OF MARINE STRATOCUMULUS EVOLUTION 
OBSERVED DURING ASTEX: COMPARISON WITH OBSERVA- 
TIONS AND SENSITIVITY STUDIES. 

L. Delobbe and H. Gallee 
UCL, Institut d'Astronomie et de Geophysique G. Lemaitre, Universite 
Catholique de Louvain, 2 chemin du Cyclotron, 13-18 Louvain-la-Neuve, Bel- 
gium . 
delobOastr.ucl.ac.be/Fax: 32-10-474722 

In the "First Lagrangian" of the Atlantic Stratocumulus Experiment (AS- 
TEX), an air mass was followed for two days while it was advected by the mean 
wind toward warmer sea surface temperatures . Here, we simulate part of this 
evolution using the 1-D version of the hydrostatic primitive equation model 
MAR (Modele Atmospherique Regional) developed at the UCL. It includes a 
high-order turbulence closure, a wide-band formulation of the radiative tans- 
fer and a parameterized microphysics including prognostic equations for water 
vapor, cloud droplets and rain drops concentrations. Partial condensation is 
allowed. A 24h simulation is carried out and the results are compared with 
in-situ measurements of the mean structure as well as the microphysical and 
turbulent structures. The simulation is sensitive to some external forcings like 
large-scale subsidence or sea-surface temperature, but also to sub-grid scale 
process parameterizations, like condensation and precipitation. Several sensi- 
tivity experiments will be presented. A particular attention will be given to 
the impact on surface energy fluxes since these are crucial in coupled ocean- 
atmosphere models. 

CLOUD FIELDS DYNAMICS ABOVE THE CRIMEA 

T.N.Bibikova. E.V.Zhurba. 

iDept.of Atmosphere. Physics Faculty. Moscow University, 119899Moscow; 

E-mail: yushkov@atmos.phys.rnsu.su. 

The investigation is based on a large set of experimental data collected in 

expeditions in period from 1955 to 1978. Stereophotogrammetric measurements of 

»he main parameters of clouds ( such as top and bottom altitudes, rates of 

liorisontal and vertical growth, scales, etc.) provided 1.5% — 

3.5% approximation, depending on the type of clouds. During summer expeditions 

the measurements were made with time intervals from I to 30 minutes. A strong 

dependence of cloud dynamics on the winds direction was discovered. Thus. 

North-West currents perpendicular to the mountain chain generate wave 

orographic cloud fields which propagate from the mountain chain to the sea 

direction for 30 km. Besides, at the coast zone cumulus clouds are strongly 

^influenced by these orographic phenomena while above the sea the clouds become 

more rarified. This feature explains the difference between the radiational regimes 

of the open sea and the coast zone. 

COMPARISON OF ISCCP Cl AND Dl CLOUD DATASETS 

M. Doutriaux-Boucher (1) and G. Seze (2) 
(1) Laboratoire d'Optique Atmospherique, Universite de Lille I, Villeneuve 
d'Ascq, France, (2) Laboratoire de Meteorologie Dynamique, Universite Pierre 
et Marie Curie, Paris, France. 
indoutri«loa.univ-lillel.fr/Fax: [+33] 3 20 43 43 42 

The importance of clouds in climate has long been recognised and long-term 
observations are needed to monitor changes in cloud fraction and cloud proper- 
ties. The ISCCP project provides information on the space-time characteristics 
of clouds, such as cloud amount, cloud top pressure, and cloud optical depth. 
These characteristics inferred from the visible and infrared radiances measured 
by radiometers on various satellites allow clouds to be classified into cloud 
types. It is expected that the Cl cloud product will progressively be replaced 
by the improved Dl cloud product. The purpose of this presentation is to point 
out some resemblances and differences between the Cl and Dl datasets. 

A new parameterization of Cloud Properties and comparison of 
simulated and measured HIRS cloudy radiances 

E.Dabane. L.Mannozzi, E. Tosi and R. Rizzi 
ADGB- Atmospheric Dynamic Group, University of Bologna 
elena@aimosl0.df.unibo.it/FAX: +39-51-6305074 

Accurate modeling of the effects of clouds on absorption, transmission and reflection 
of thermal energy is crucial. The need for an accurate representation of infrared 
absorption by clouds is acute since the current uncertainty in this quantity has 
important consequences on the atmospheric radiation budget. Since the clouds 
strongly modulate the longwave radiation at the top of the atmosphere, they should 
be considered as the principal unknown parameter to be inferred in satellite cloud 
studies. Unfortunately, the exact evaluation of cloud effects require a lone 
calculation time. So, in the spherical particles approximation, the Mie theory was 
used to develop a new parameterization of cloud optical properties. The scattered 
and forward trasmissivity and the scattered reflectivity are separately studied and the 
cloud emissivity is calculated under the energy conservation low. The 
parameterization is used to compute the cloudy radiances in HIRS/2 channels usine 
the temperature, mixing ratio, liquid and ice content and cloudy fraction profiles 
obtained from ECMWF. Then cloudy radiances are compared to the one computed 
using the operational ECMWF emissivity formulation and to actually observed raw 
TOYS radiances. 

BOMEX ID INTERCOMPARISON: IMPACT OF THE 
PARAMETRIZATION OF THE SHALLOW CONVEC- 
TION ON THE SURFACE FLUXES 
P. Gelenneand J.L. Ricard (Meteo France, CNRM/GMGEC, 31057 Toulouse 
Cedex, France or Jean-Louis.RicardSmeteo.fr) 

For the "Air-Sea-Ice Interactions" project, simulations of a case from the phase III of 
the Bomex campaign have been performed. This is a non-precipitating cumulus mar- 
itime case. Stationnarized results from the Cloud Resolving Model (CRM) have been 
used to initialize ID versions of AGCMs. The participating groups in the intercompar- 
ison and the corresponding models were the K.N'MI (Holland) with a CRM. ECHAM3 
and ECHAM4; the LMD (France) with LMD5; the DMI (Denmark): the University 
of Reading (UK) with the UGCM and the CN'RM (France) with Arpege-Climat. 
In the Arpege-Climat simulation, the mixing layer is too thick, the BL is too warm 
and too dry; hence sensible heat fluxes and latent heat fluxes at the surface are not 
realistic. Moreover, strong temporal oscillations with a 4A7" period in the surface 
latent and sensible heat fluxes are generated. The parametrization of the shallow 
convection is the main source of the errors. The shallow convection is parametrized as 
a modified Richardson number: an additional term depending on the vertical gradient 
of the distance to the saturation (term in Ld(q - q,a,)/dz). The absolute value of 
dS/B: is much smaller than the absolute value of the additional term. Two simple 
solutions to improve the simulations have been proposed and tested. 
A change in the physical parametrizations (use of a statistical cloud scheme) sub- 
stantially improves the simulation. Both the effects of the liquid water in the vertical 
diffusion scheme and the parametrization of the direct interactions between the tur- 
bulence, the radiation (optical properties of the cloud) and the diabatic processes 
(condensation/precipitation) are found necessary for a good simulation of the BL. 
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STUDIES OF UPPER TROPOSPHERIC HUMIDITY USING AIRBORNE IN- 
SITU SENSORS 

lohigenia Keramitsoglou'. John E. Harries1 and John S. Foot3 

1 Space and Atmospheric Physics, Blacken Laboratory, Imperial College, London 
SW7 2BZ 
Fax No: +44 -171 - 594 7679, e-mail: i.keramitsoglo@ic.ac.uk, j.harries@ic:ac.uk 
2 Meteorological Research Flight, Building Y46, DRA Farnborough, Hants GU14 
6TD 
Fax No: +44 - 1252 - 376588, email: jsfoot@meto.govt.uk 

Upper tropospheric water vapour is widely recognised to be of fundamental 
importance in regulating the earth's climate, despite its low concentrations, because 
it is a dominant term in the outgoing longwave radiation that'cools the planet. 
Nevertheless, the knowledge of UTH distribution is very limited. This paper 
presents an on-going study of the performance and measurements of the 
Fluorescence Water Vapour Sensor, onboard the British C-l30 Hercules research 
aircraft. Our investigations have indicated the necessity of laboratory tests in order 
to develop a deeper understanding of the instrument's response. These 
investigations and preliminary results of the tests are shown. Finally, case-study 
comparisons between the FWVS and the airborne frost-point hygrometer data along 
with satellite and re-analysis data are presented and the discrepancies are discussed. 

CLOUD MICROPHYSICAL AND RADIATIVE PROPERTIES} 

H Pawlowska (1,3). J.-L. Brenguier (1) and L. Schueller (2) 
(1) METEO-FRANCE (CNRM), Toulouse, France, (2) FU Berlin, Germany, 
(3) on leave from University of Warsaw, Poland; hanna.pawlowska@meteo.fr 

The boundary layer clouds, covering extensive areas of our globe, have a significant 
impact on the Earth's radiative balance and thus on climate. Parametrization of cloud 
radiative properties as a function of their microphysical characteristics are needed for 
retrieval of cloud microphysical parameters from remote sensing measurements and 
for simulations of aerosol indirect effect (modification of cloud albedo) in GCMs. 
Usually layer clouds are represented as plan parallel homogeneous horizontally and 
vertically and their radiative properties are defined by two parameters: optical 
thickness and effective radius. In reality such clouds are not homogeneous neither 
horizontally not vertically. In the scale of a convective cell the vertical adiabatic 
profiles are well documented by in-situ measurements, so it is possible to describe 
recisely the cloud microphysics and radiative properties by using only two 
parameters: cloud depth and droplets concentration (what allows to easily describe the 
indirect effect of aerosols). This result is then averaged in order to get the mean 
radiative properties of the cloud system. EUCREX (European Cloud Radiation 
Experiment) and ACE2 (Aerosol Characterization Experiment) were dedicated to 
in-situ studies of microphysical properties of marine stratocumuli and simultaneous 
measurements of their radiative properties. The results of these experiments will be 
presented. 

CONVECTIVE MESO-SCALE BOUNDARY LAYER CLOUDS STRUCTURES 
DURING THE SEMAPHORE CAMPAIGN. 

A Mathieu (1), G. Seze (2), C. Guerin (1). H. Dupuis (3). A. Weill (1) 
(1) Centre d'Etude des Environnements Terrestre et Plan&aire, Velizy. 
(2) Laboratoire de Meteorologie Dynamique, Paris. 
(3) Departement de Geologie et d'Oceanographie, Bordeaux. 
anne.mathieu@cetp.ipsl.fr / Fax: +33 1 39 25 49 22 

One of the objectives of the SEMAPHORE campaign is the concern of Ocean- 
Atmospheric fluxes with the convective activity within the planetary boundary layer. 
The convective activity is determined from its cloud signature - closed and opened 
cells, cloud streets - in the AVHRR views of the SEMAPHORE region. 
As a first step the cloud classification of Seze-Desbois allows to segregate between 
low clouds fields and others; moreover, it allows to characterize the cell fields 
through a bench of specific classes. The second step consists in an algorithmic 
treatment of the classification output to specify the shape, extension and arrangement 
of the cells within the low clouds fields. As a consequent, the variability and 
irregularity of the geometric characteristics of the clouds - which are at the origin of 
the choice of this method - are thus quantitatively restituted. Finally, the geometric 
information is used to extract the physical characteristics of each determined 
elementary object from both the classification outputs and the four-channel AVHRR 
data. Tus, the charactristics of a mean elementary cell or roll is given which allows 
future comparison with model outputs. 

Cloud type and horizontal variability in marine boundary layers 

Robert Pincus1, Sally A. McFarlane2, Stephen A. Klein3 

1: NASA Goddard Space Flight Center; 2: Mt Holyoke College; 3: Geophysical 
Fluid Dynamics Laboratory 

Large scale models such as those used for weather prediction and simulations of cli- 
mate change typically estimate the radiative effects of clouds based on the cloud frac- 
tion and total amount of condensate within each grid box. It is known, however, that 
the assumption that cloud optical properties are horizontally uniform leads to a sys- 
tematic bias towards larger albedo and smaller absorption. Simple techniques have 
been developed to account for cloud spatial inhomogeneity in radiation calculations, 
but observations of this variability are quite sparse. 

We use simultaneous co-located observations by ship observers and satellite radiom- 
eters to characterize the variability of marine boundary clouds. We examine the sensi- 
tivity of cloud detection by satellite instruments to cloud morphological type as 
reported by the ship observers and to sensor spatial resolution. Observed distributions 
of cloud optical thickness are well described in most cases by several two-parameter 
models including log-normal and gamma distributions. The resultant bias in domain 
averaged albedo over the spatial scales used in current models is relatively small, but 
it can be nearly eliminated using one of the simple models of variability. The param- 
eters which characterize the distributions are dependent on cloud type, most impor- 
tanüy on whether the clouds are reported as isolated (cumuliform) or nearly 
continuous (stratiform). 

NANOPARTICLE FORMATION EVENTS AT A BOREAL 
FOREST SITE 

J.M. Mäkelä(l), P. Aalto(l), T. Pohja(2).. J. Haataja (2), 
P.Hari(2), T. Vesala(l), G. Buzorius(l), U. Rannik(l) and 
M. Kulmala(l) 
(1) Department of Physics, University of Helsinki, (2) De- 
partment of Forest Ecology, UH 

Number size distribution of submicron and ultrafine aerosol 
particles have been measured on a continuous basis (every 
10 minutes) at a forest site in Southern Finland. Very 
often, only Aitkeh (40-100 nm) and accumulation modes 
(150-200nm) are present. In several sunny days, the ap- 
pearing nucleation mode (peak at 5-6 nm) can be seen to 
increase both in size and concentration. During the day 
the growth rate for the nucleation mode is in the order 
of few nm/hour and at late evening the nucleation mode 
merges into the Aitken mode. Simultaneous eddy covari- 
ance measurements have revealed upward particle fluxes, 
when there is formation of new particles. Atmospheric sig- 
nificance of observations are discussed. 

Cloud cover observed simultaneously from 
POLDER and METEOSAT 

G. Seze(l).C. Vanbauce(2), J.C. Buriez(2), F. Parol(2). P. Couvert(3) 
(I)Laboratoire de Meteorologie Dynamique du CNRS 

(2)Laboratoire d'Optique Atmospheiique- University des Sciences de Lille 
(3)Laboratoire de Modilisation du Climat 

Seze@lmd.jussieu.fr/Fax: 0144276272 

The POLDER instrument that was aboard the Japanese ADEOS platform 
between August 1996 and June 1997, is designed to the global observation of 
the polarization and directionality of the sun-light reflected by the earth 
atmosphere system. The cloud detection from POLDER takes advantage of the 
original capabilities of the instrument (spectral polarization and directionality). 
This cloud scheme uses 5 threshold tests based on pressure, reflectance, 
polarized reflectance, spectral variability. The results of the POLDER cloud 
detection scheme are compared to those of the LMD dynamical clustering 
method applied to visible and infrared METEOSAT data and local spatial 
variability of these two parameters. Special focus is given to the detection 
capabilities of the two kind of measurements for cloud situations such as small 
cumulus, thin cirrus and multi-layered cloud cover. Results of this comparison 
will give some insight on the behavior of the International Satellite Cloud 
Climatology (ISCCP) scheme built mainly from visible and infrared 
measurements. 

C707 



DIRECT EVIDENCE FOR CLOUD CASCADE 
FROM PLANTARY SCALES TO 1KM 

DYNAMICS 

J. D. Stanway. S. Lovejoy, (Department of Physics, McGill University, 3600 
University St., Montreal, Quebec, Canada, H3A 2T8) 
D. Schertzer (L.M.D./C.N.R.S., BP 99, University Pierre et Jlerie Curie, 4 
Place Jussieu F-75252 Paris Cedex 05. France) 

We analyzed over a thousand visible and infra red images from 
geostationary (GMS), polar orbiting (NOAA 12, 14, SPOT) satellites as well as 
ground based images (roughly 100 times more data than that used on any 
comparable study) to study the seating properties of clouds over the range 
5000km to »50cm. As predicted by the unified scaling model, the radiances are 
accurately multiscaling over the entire range and we estimate the corresponding 
(universal) multifractal exponent functions. Although the individual images 
involve factors of only «1000 in scale (compared to the range of over a billion 
from the planetary scale to the dissipation scale), these large (climatological 
scale) data sets enabled us to obtain the first direct estimates of the outer scale of 
the underlying (multiplicative) cascade process. Both the GMS (over the Pacific) 
and AVHRR (over Oklahoma) data yield estimates of the order of ten thousand 
kilometers; an agreement which is particularly convincing in this regard. 

We discuss the significance of these results for radiation, climate and 
modelling. 

A SENSITIVITY STUDY OF RADIATIVE-CONVECTIVE 
EQUILIBRIUM IN THE TROPICS WITH A CONVECTION- 
RESOLVING MODEL 
Kuan-Man Xu and D. A. Randall 
Department of Atmospheric Science, Colorado State I'niversitv. Fort Collins, 
CO 80523. USA. 
kraxuCatmos.colostata.edu/Fax: [+1] 970 491 842^ 
Statistical-equilibrium (S-E) states of radiative-conveclive systems in tropical 
oceanic conditions are simulated with a cloud ensemble model (CE.VI) in this 
stud;-. Typical large-scale conditions from the Marshall Islands and the eastern 
tropical Atlantic regions are used to drive the CEM. 
The simulated statistical-equilibrium precipitable water, column temperature 
and relative humidity profile are almost identical to the observed for both 
regions when observed, time-invariant large-scale advective cooling and moist- 
ening effects are imposed. They are higher than the observed if observed, time- 
invariant large-scale ascent is imposed for the Marshall Islands region (i.e., 
ignoring horizontal advective effects). Compared with results fronv two simi- 
lar studies, the simulated S-E state from this study is somewhere between the 
cold/dry regime by Sui et al. and the warm/humid regime by Grabowslri et 
al. Temporal variations of the imposed large-scale vertical motion make the 
simulated S-E state slightly colder and drier. It remains about the same, how- 
ever, if the magnitude of the imposed large-scale vertical motion is halved. The 
S-E state is much cotder and drier if the large-scale ascent is zero or if solar 
radiation is absent. In general, the results show that wet column are thermally 
stable and dry columns are thermally unstable. 
Column budget analyses are performed to explore the differences among the 
simulations performed in this study and among the different studies. 

TIMESCALES OF VARIABILITY IN TROPICAL RADIATIVE- 
CONVECTIVE EQUILIBRIUM 

A.M.Tompkins (1) and G.C.Craig (2) 
(1) Max-Planck-Institut für Meteorologie, Bundesstrasse 55, 20146 Hamburg, 
Germany, (2) Department of Meteorology, University of Reading, UK. 
TompkinsSdlcrz.de/Fax: [49] 40 41173 - 366 

In an undisturbed environment, the tropical atmosphere tends towards a 
state of radiative-convective equilibrium. The timescale on which this balance 
is achieved is an important issue. This convective heating and moistening 
response has been previously suggested, for example, as central to amplification 
of large-scale wave-motions, and their successful simulation in global models. 

To examine internal convective variability, we have integrated a three- 
dimensional cloud-resolving model with an interactive radiation scheme to a 
state of radiative-convective equilibrium. Using a model that explicitly resolves 
convection avoids the timescales assumptions built into parameterizations 
schemes, but does not allow the two-way interaction between convection and 
large-scale wave motions to be studied due to the limited domain size. 

It is found that the approach to equilibrium can be divided cleanly by a process 
separation into two timescales; a long 20 day exponential trend to equilibrium 
superimposed by short timescale variability that is almost solely associated 
with convective activity. Of the two possible mechanisms of surface fluxes and 
radiation it is found that the latter determines the long-timescale adjustment. 

OA17        Climate    variability:    models    and 
observations (joint with SE) 

05    Prediction    and    detection    of 
anthropogenic climate change 

Convener: Johns, T.C. 

GCM CLIMATE CHANGE SCENARIOS FOR BULGARIA 

V.A. Alexandrov 
National Institute of Meteorology and Hydrology. BG-1784 Sofia. Bulgaria 
Vcsselin.Alexandrov'fimeteo.bg 

Climate change scenarios for Bulgaria using global circulation model (GCM) 
outputs were derived and analyzed. The GCMs used in the study are those from the 
Canadian Climatic Center (CCC). Goddard Institute for Space Studies (GISS). 
Oregon State University (OSU). Geophysical Fluid Dynamics Laboratory (GFDL R- 
30). United Kingdom Meteorological Office (UKIi9) and Hadley Centre in the 
United Kingdom (HCGG and HCGS which integrates the negative forcing effect 
from sulfate aerosols. The GCM simulations regarding the current climate were 
compared to the averaged database of the observed climate The GCMs do not 
perfectly simulate the present climate in Bulgaria Nevertheless, the lxC02 OSU. 
HCGG and HCGS outputs are in a relatively good agreement with baseline air 
temperature from June to March. They could be considered as the most appropriate 
global circulation models for monthly air temperature in Bulgaria (except April and 
May) among the GCMs used in the study. According to the 2xC02 GCM outputs 
used in the study annual temperatures in Bulgaria are projected to rise between 2.9° 
(HCGS) and 5.8°C (UKMO). Under the GFDL-T transient scenario in the 2Ut)()s. 
2()3Us and 2060s annual temperatures arc projected to increase by 1.2°. 2.2° and 
3.9°C. respectively. In general, precipitation is expected to increase during the 
winter and to decrease during the warm half-year(CCC. GISS. GFDL R-30. OSU). 
The 2xC02 UK89 and HCGS models even project minor increasing onlv in 
November and July, respectively 
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DETECTING EXTERNAL FORCINGS OF THE ATMOSPHERE 
USING THE ERA DATA SET 

M. Barfred 
Danish Meteorological Institute, DK-2100 Copenhagen 0, Denmark. 
nbCdmi.dk/Fax: [45] 39 15 74 60 
The European Re-Analysis (ERA) data set provides not only re-analysed 
observations, but also short range forecasts based on these data. A forecasted 
field will, of course, deviate from the observed, re-analysed field. Assuming a 
realistic model and perfect observations, this deviation, also called analysis in- 
crement, may in most cases mainly be assigned to instrumental inhomogeneities 
and external forcings that are not considered by the forecast model. The con- 
tribution by instrumental inhomogeneities is assumed to be mainly on a time 
scale of years. Thus, the analysis increment will, particularly on shorter time 
scales, provide a measure of external forcings. This paper presents a study of 
analvsis increments of temperature fields at several pressure levels. 
Some external forcings such as the strong emissions of sulfate aerosols from 
the vulcanic eruptions of El Chichön (1982) and Pinatubo (1991) are easily 
identified, and serve as a good verification of this method. Particular attention 
is paid to possible forcings originating from solar activities. Both Forbush de- 
creases which has a time scale of days and forcings on the longer time scale 
of the 10-12 year solar cycle, like the reported influence of cosmic ray flux on 
cloud cover, has been investigated. Though the results are less conclusive on 
the longer time scales, this study of temperature fields shows little evidence of 
forcings induced by such solar activities. 

MAIN REGULARITIES OF THE CLIMATE CHANGES Of UKRAINE IN 
THEMCT 

Svettana G. Boyehenko, auUtenl, the Department of meteorology and 
cUmitoloty ofthc Kiiv T. SbtvehtnLo Unhrtriity. 

The wu made i critical analysis or material» concerning changes of land-surface 
temperature, intensity or atmospheric precipitation and ttatiitks or catastrophic 
hydro-meteorological phenomena on the territory of-Ukraine, obtained on the 
basil of resulK of meteorological paleo-reconstruction, historical (manuscript) 
records and ■utrumantal hydro-meteorological observations. There wart found 
general changes regularitiet of the climate of Ukraine during the but 10 000 
yean. There were comidered conditions, in which the dimatie fields of Und- 
iurface temperature and the inteniity of precipitation, which took place in warm 
period« of the part, may be analogem for the development of scenarios of 
Ukraioiin climate changes fat the near future taking into account forecasted 
global warming bring the remit of the anthropogenic increase of the gretn-houia 
gaset effect. 
The statistics of catastrophic hydro-meteorotogical processes (CHMP) is 
quantified by the weU-fcnewn relation for Fuaseon flux or clients. There were 
made estimates of the Puasson flux of CHMP on the territory of Ukraine and 
there wet considered the possibility of their use for forecast of global warming 
influence on the statistics of CHMP on the territory of Ukraine in the near 
future. 

MEDITERRANEAN SEA: INCREASE IN GREENHOUSE  EFFECT, 
AIR AND SEA TEMPERATURES AND    FRESHWATER    DEFICIT 

J.P. Bethoux, B. Gentili 
Laboratoire de Physique et Chimie Marines, University Paris 6, UA CNRS/1NSU, 
BP 8, F- 06238 Villefranche-Sur-Mer, France. 
bethoux@ccrv.obs-vlfr.fr   /Fax: 33 4 93 763739 

In the deep waters of the western basin, increasing trends of temperature and salinity, 
observed since the early 1960s (Bethoux and Gentili, 1996), may be simulated by 
surface evolutions of heat and water budgets across the sea surface, i.e. two 
concomitant driving forces. Over the 1940-1995 period, the estimated change in 
greenhouse effect simulating the warming Bend reaches 1.74 Wm"2, which is in 
agreement with the calculated change (OE, 1995), and sea surface and air temperature 
increases amount to 0.4 and 0.5°C, respectively. Simulation of salinity trends 
requires an increase in water deficit of 0.10 m a"1 in 1995. This originates in: 
i) decreases in Nile river outflow (after the closing of High Dam in 1954), and Ebro 

river outflow (human freshwater use): ii) increase in salty flow from the Red Sea 
(following the deepening and widening of the Suez canal); iii) decrease in 
precipitation over the Mediterranean: iv) increase in evaporation (feedback from the 
surface temperature increase). Causes are both from anthropogenic and climatic 
sources. Mediterranean sensitivity to climatic and environmental changes constitutes 
chances to monitor present changes, if climatic and socio-economic data exist. 
Bethoux, J.P. and Gentili. B., 1996.1, of Mar.Systems, 7: 383- 394. 
G1EC, 1995. Changements climatiques 1995. PNUE/OMN. pp. 64. 

POSSIBLE CHANGES IN EL-NINO/SOUTHERN OSCILLATION 
IN A WARMER CLIMATE 

M. Collins and S.F.B. Tett 
Hadley Centre for Climate Prediction and Research, UK Met. Office, London 
Road, Bracknell, Berkshire RG12 2SY.. 

The El-Nino/Southern Oscillation (ENSO) is examined in the Hadley Cen- 
tre climate model to asses any future changes in the behaviour of ENSO in a 
warmer climate. Various simulations, forced with transient increases in CO* 
alone, transient increases in COj and sulphate aerosols, and simulations with 
equilibrium changes, are compared with a multi-century control run forced 
with present day C02 levels. ENSO indices from the model and from the ob- 
servations are compared using spectral and wavelet analysis techniques. These 
measures of ENSO activity are tested for statistical significance against the 
control integration which is used to estimate a measure of the "natural" vari- 
ability of ENSO. The preliminary indications are that power in the 2-3 year 
band of the NIN03 index increases in many of the increased C02 simulations. 
If the model predictions are correct, this implies that ENSOs will become more 
frequent in a warmer climate. a 

RESPONSE OF THE NCAR CLIMATE SYSTEM MODEL TO 
CHANGING GREENHOUSE GASES 

B. A. Boville (1), J. T. Kiehl (1), G. A. Meehl (1), S. Solomon (2) and R. 
Portmann (2) 
(1) National Center for Atmospheric Research, Boulder, CO, USA, (2) NOAA 
Aeronomy Laboratory, Boulder, CO, USA. 

The NCAR Climate System Model (CSM) is a relatively new model of the 
physical climate system, including coupled atmosphere and ocean general cir- 
culation models, a dynamic sea ice model and a land surface model. This paper 
summarizes results of several CSM experiments in which the concentrations 
of greenhouse gases change with time. Trends are compared with the natural 
variability of a 300 year control simulation and with the observed record. 
An idealized experiment, following the guidelines for CMIP2. in which COj 
increased from present levels (355 ppmv) by 1%/year will be discussed. This 
experiment was run until the COj concentration tripled (115 years) and is 
compared to a 300 year control simulation. In this experiment, the global mean 
surface temperature increases by ~ 1.3 K at the time of COj doubling (70 
years). The equilibrium temperature increase for CO2 doubling is ~ 2 K. as 
determined by experiments with a 50 m slab ocean. 
A more realistic series of experiments is currently underway, in which changes 
in the principal greenhouse gases (C02. 03 CH4. NoO, CFC11, and CFC12) 
and sulphate aerosol from 1870-1990 are included. These experiments begin 
from an approximate equilibrium condition for 1870 and account for most of 
the greenhouse gas changes since pre-industrial times. 

VARIATIONS IN HEMISPHERIC AIR-SURFACE TEMPERATURE 
ASSOCIATED WITH LARCE SCALE FLOW PATTERNS 

&£arJi(l)andF.Molteni(l,2) ' „   . 
(1) CTNECA - Centro di Calcolo rmcruniversitario dellltalia Nord-Onentale, 
(2) F.CMWF - European Centre for medium Range Weather Forecasts 
corti@cineca.it 

To what extent the recent upward trend in hemispheric mean surface air 
temperature should be purely ascribed to persistent circulation-related 
anomalies, is still an open question. The purpose of this study is to clarify the 
role played by the internal atmospheric variability in generating hemispheric 
mean surface air temperature anomalies. To investigate this problem an 
analvsis is performed 00 a basis of monthly mean values from a 1000-years 
integration Of die ECHAM1-LSG coupled model in which only the cold 
season was considered. In order to isolate important coupled modes of 
variability between time series of 500 hPa geopotential height and two metres 
temperature, a Canonical Correlation Analysis (CCA) was carried out. The 
two fields were prefiltered by retaining only the projection of each field on a 
(particular) subset of its Empirical Orthogonal Functions (EOFs) then 
applying CCA. This analysis has identified fairly distinct patterns associated 
with positive and negative trends of the hemispheric-mean .surface air 
temperature. It is found mat fluctuations in hemispheric-mean surface air 
temperature in the model are correlated with the strength of the North Atlantic 
Oscillation. The model results are then compared with the available 
observations. 

C709 



QUANTIFYING    THE    UNCERTAINTIES    DUE    TO    LAND 
SURFACE SCHEMES IN CLIMATE CHANGE PREDICTION 

J. F. Crossley and J. Polcher 
Laboratoire de Meteorologie Dynamique du C.N.R.S., BP 99, 4 Place Jussieu, 
75252 Paris, France. 
crossleyOlmd.jussisu.fr 

In their 1995 report, the IPCC identified land-surface processes as an area of 
large uncertainty in predictions of global and regional climate change due to 
greenhouse gases. The Land Surface Processes and Climate Response project, 
funded by the European Union, is an attempt to determine the magnitude 
of this uncertainty through collaboration between modelling centres. In this 
work four atmospheric general circulation models were used to perform at least 
two pairs (control and anomaly) of climate simulations. The difference between 
each pair was a change in some aspect of the land-surface scheme used. The 
experiments were all time-slices of at least 10 years with the same, specified sea 
surface temperature and sea ice data. For several regions, statistically signifi- 
cant changes in regional climate can be picked out from model noise, and the 
differences and similarities across the land-surface schemes and GCMs analysed. 
For some regions and variables, results for the same GCM with changed iand- 
surface parametrisation cluster together whereas in other regions the difference 
between land surface schemes equals that between GCMs. In the Amazon basin 
for example, the difference in climate response between land-surface schemes 
was similar to that between GCMs. 

CIRCULATION MODES AND THEIR INTERDIURNAL VARIABILITY 
IN THE ECHAM GCM 

Martin nnhr^ty  and   Radan Huth 
Institute of Atmospheric Physics, Czech Republic 
(dub@ufa.anet.cz; www.hk.cesnet.cz/dub.htm) 

The contribution addresses two items: (i) validation of the ECHAM GCM in 
terms of circulation patterns and their interdiurnal variability, and (ii) potential 
changes in circulation regime in 2xC02 climate. Circulation is expressed as a 
linear combination of Principal Components (PCs) which represent leading 
modes of variability in 500 hPa geopotential height field. Geopotential data were 
available in three variants: (i) raw data, (B) low-passed data (to filter out 
high-frequency variations) and (Hi) band-passed data (to retain 
synoptic-time-scale variations). PCs were derived separately for the 4 seasons of 
the year, from a) observed data, b) GCM (ECHAM3/T42) control run (present 
climate), and c) GCM/2xC02 run. Comparison of circulation modes (spatial 
patterns of PC loadings) and their interdiurnal variability (represented by lag-1 
correlations among PC scores) derived from individual data sets shows: (i) the 
circulation modes are well reproduced in GCM/controI run, (ii) good 
correspondence between GCM/control and GCM/2xC02 modes suggest only 
small changes in circulation regime over Europe due to doubled C02, (iii) the 
GCM/control circulation is more persistent (compared to observation) and 
closer to GCM/2xC02 than to observation. 

THE EFFECT OF UNCERTAINTIES IN RADIATIVE 
FORCING ON SURFACE TEMPERATURE TREND 
PREDICTIONS 

P. M. de F. Forster and N. Christidis 
Department of Meteorology, Reading University, Reading, RG6 6BB, 
U.K. 

This paper examines the range of uncertainty in our knowledge of the 
anthropogenic and natural radiative forcings since 1850. Simple 
climate models and an Intermediate General Circulation Model 
(IGCM) are used to crudely examine the likely effect of these forcings 
on the surface temperature trend. It is concluded from these 
experiments that any agreement between time-dependent global-mean 
surface temperature trends and surface temperature trends from GCM 
runs, which include only a few of these forcings, are probably only 
fortuitous, and as such the evolution of surface temperature in these 
experiments to not constitute a "detection of anthropogenic climate 
change". 

Changes in extreme daily precipitation predicted by general 
circulation models under scenarios of increased C02 concentration 

£ F Durman(l), J. M. Gregory (1), S. E. George (I), K. J. Hennessy (2) 

(1) Hadley Centre for Climate Prediction and Research, UK Met Office, London 
Road, Bracknell, Berks, RG12 2SY, UK 

(2) CSIRO Division of Atmospheric Research, Private Bag No. 1, Aspendale, 
Victoria, 3195 Australia 

A change in the intensity and distribution of daily precipitation towards more extreme 
events in certain areas is predicted by Hadley Centre general circulation models (GC- 
Ms) in greenhouse gas (GHG) emission scenarios. This shift could have significant 
consequences, resulting in floods, for instance, in some areas. In this study, changes 
in precipitation intensity are characterised by appeal to the probability density func- 
tions of daily precipitation amounts at each location, because it may be more 
instructive to define extreme events in terms of geographically dependent probabili- 
ties, rather than fixed value thresholds. We also compare the GCM results for changes 
in extreme events over Europe with corresponding results from a limited area model, 
the Hadley Centre Regional Climate Model. 

REGIONAL IMPACTS OF THE VEGETATION FEEDBACKS 
IN DOUBLED-COj CLIMATE EXPERIMENTS 

H.Douville'. S.Planton1, J-F.Royer1, L.Kergoat2, R.Betts3 

1 CNRM, 42 Av. Coriolis, 31057 Toulouse Cedex 01, France 
2 LET, 13 Av. Colonel Roche, 31405 Toulouse Cedex 04, France 

3 Hadley Centre, Bracknell RG12 2SY, U.K. 

Three 10-year doubled CO? experiments have been performed with the 
ARPEGE atmospheric general circulation model of Meteo-France in order 
to investigate how the CO2 impact may be affected by possible vegetation 
feedbacks. Besides a first time-slice experiment with no modification of 
the vegetation properties, two other experiments have been performed in 
which changes in the plants' physiology (stomatal resistance) and structure 
(vertical density of the canopy) have been explored. On global and annual 
average, the vegetation feedbacks do not much modify the model's response 
to the COj doubling. On the regional scale, the effect may be much more 
significant, which is demonstrated through the example of the Indian sum- 
mer monsoon. Despite the increased land-sea temperature contrast, the 
monsoon circulation and precipitation are weaker in the first time-slice ex- 
periment, due to a competition between convection over the Indian continent 
and the Indian Ocean. This impact successively disappears and reappears 
when the physiological and structural feedbacks of the terrestrial vegetation 
are considered. This result shows the need for including more interactive 
land surface schemes in climate models, in order to capture all the processes 
involved in the carbon and water cycles. 

CLIMATE CHANGE DUE TO A CO, INCREASE AS SIMU- 
LATED BY THE IPSL COUPLED MODEL 

L. Fairhead. J.-L. Dufresne, H. Letreut, L. Li 
Laboratoire de Meteorologie Dynamique du CNRS, UPMC, 4 Place Jussieu, 
BP 99, 75252 Paris cedex 05, France, Laboratoire de Meteorologie Dynamique 
du CNRS, UPMC, 4 Place Jussieu, BP 99, 75252 Paris cedex 05, France. 
Laurent.FairheadSlmd.jussiau.fr/Fax: [33] 0144276272 

The IPSL coupled model has been used for two eighty-year simulations: a con- 
trol simulation with constant CO2 concentration and a scenario simulation with 
a 1% yearly increase in CO2 concentration. The absence of any flux corrections 
implies that an initial drift, which stays reasonable, is present in the two simu- 
lations. The general characteristics of the control simulation will be presented 
as well as the perturbations on the atmospheric and oceanic circulations due 
to the COj increase and particularly the SST perturbation which is peculiarly 
strong along the equator in the Pacific. Comparisons with similar experiments 
using a simple oceanic mixed layer as the oceanic component of the coupled 
model will be made to illustrate the part of oceanic circulation in the perturbed 
simulations. 
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A STUDY FOR THE IDENTIFICATION OF COz SOURCE 

AREAS. 

S Ferraresem. D. Alberto (1), C. Cassardo (2), A. Longhetto (1) 
(1) Department of General Physics, University of Turin 

(2) D.S.T.A. University of Turin 
ferrarese@ph.unito.it / Fax: +39-11-658444 

We present a study concerning the distribution of COj atmospheric concentration 
and its possible sources on synoptic scale. The used method is the following: 
a) we have measured the continuous concentration of C0S concentration at the 
alpine station of Plateau Rosa 
b) we have calculated backwards trajectories of air crossing the monitoring station 
every 6 hours. For the trajectory calculation we have used the wind speed fields 
provided by the ECMWF objective analysis. 
c) we have calculated the medium field of C02 concentration on European area 
following what was suggested by A. Stohl (Trajectory Statistics-A new method to 
establish source-receptor relationships of air pollutiants and its application to the 
transport Of paniculate sulfate in Europe, Atmospheric Environment, vol.30, n.4, 
1996) 
The described procedure is applied to the data period April 1993- March 1995. 
The results are presented and discussed. 

NONPARAMETRIC  TEST  OF AR ORDER WITH APPLICA- 
TION TO THE GCM-SIMULATED AND MEASURED AIR TEM- 

PERATURES 

J. Kalvova (1), J. Jureckova (1) and J. Picek (2) 
(1) Fac. of Mathem. and Physics, Charles University, Prague, Czech Republic, 
(2) Technical University, Liberec, Czech Republic. 
jaroslava.kalvovaCmfi.cuni.ez/Fax: [+420 2] 2191 2533 

Estimate of the impacts of climate change on agriculture, water resource man- 
agement etc. requires high resolution (in space and time) air temperature data. 
Since the output from general circulation models (GCMs) is frequently unre- 
liable at the local scale, alternative method to obtain such data is to use a 
stochastic weather generator, which employs an autoregressive model to simu- 
late the daily extreme air temperatures. New nonparametric tests of the order 
of the autoregression in the time series, based on autoregression rank scores, 
were recently developed by Hallin and Jureckova, 199T. These tests and order 
identification procedure will be applied to a 30 years dataset of daily extreme 
temperatures in south Moravia (Czech Republic) over the period of 1961-1990 
and to daily temperature series simulated by GCMs for lxCOj and 2xCO: 

climate. 

SIGNIFICANCE OF ROOTING DEPTH ON CLIMATE 

CHANGE PREDICTION 

N. Gedney and P. J. Valdes 
Meteorology Dept, Reading University, Reading RG6 6BB, U.K.. 

The IPCC report predicts increased summer drying in the Northern 
Hemisphere in an enhanced greenhouse climate. This of major signifi- 
cance as it affects a major agricultural belt as well as many other land 
areas. One factor determining the vegetation stress is the total water 
availability, which is closely related to the rooting depth. However there 
is currently limited biome rooting depth data available and it is generally 
not directly applicable to GCMs. 
As part of the Land Surface Processes and Climate Response collab- 
orative project, the ECMWF's (European Centre for Medium-Range 
Weather Forecasts) IFS GCM (version lorl) is used to carry out a num- 
ber of 2xC02 simulations. The SST fields are prescribed and based on 
climatology, with adjustments made for 2xC02 conditions. Experiments 
are performed with a range of globally uniform rooting depths which are 
chosen to cover most of the observed variation. Finally a geographically- 
varying rooting depth field is developed and tested. The importance of 
rooting depth is assessed, both in terms of the accuracy of the present 
dav simulation and on its effect on climate change sensitivity. 

WHETHER THE GLOBAL WARMING CAN BE AVOIDED ACCORDING TO 
THE "IRON THEORY" OF DR. J. MARTIN? 
G.G. Khundzhua, E.G. Andreev, V.N. Aksenov, 

C V jCaravaeva. Yu.G. Smimova 
Dept.of atmospheric physics.Moscow State University, Moscow, 119899,Russia 

On the basis of the data obtained by instrumental measurements carried out by 
our research group in the open sea and laboratoiy it was shown that it is impossible to 
stop warming of the climate as predicted by the "iron theory" of Dr. J. Martin. The idea 
was that phytoplankton in the ocean needs iron and if the ocean were "fertilized" with 
iron compounds, the growth rate and abundance of phytoplankton would increase. This 
would lead to fixing C02 dissolved in sea water in the process of photosynthesis and, 
consequently, to reduction of air emissions of C02. In the course of the experiment a 
65-101? patch of the equatorial Pacific 1600 km west of Ecuador coast was fertilized by 
sprinkling 450 kg of iron sulfate from a ship. This yielded 500 ton of phytoplankton 
and the emission of carbon dioxide from the ocean was reduced by 60%. Thus, it 
seemed that the experimental results fully confirmed the "iron theory" and provided a 
way to reduce the greenhouse effect. 

However, the results of the "iron theory" should be treated with caution due to 
the fact that the experiment did not take into consideration other possible processes 
which accompany induced growth of phytoplankton. Incidentally, growth of biomass in 
the ocean would undoubtedly cause clouding of sea water and, hence, transformation of 
the absorbed solar radiation into heat. As a result the emission of water vapor into the 
atmosphere, increases, which leads to enhancement of the greenhouse effect. 

THE INFLUENCE OF CLOlAl WAHMING ON THE LEVEL Ot THE 
BLACK AND AZOV SEAS 

tame A. Dorothenfco, post-graduate student, lb* department of meteorology and 
climatology of the Kiev T. Shevchenko Uncvtniry 

Then tit «■* the ttallttical analysis of tattrumenlat measurements of Blade 
and Azov seas' fcvelt during the last 100 yeart. The ruolu wein compared with 
the instrumental data on th* stale of land-turface temperature of tat Notts 
Hemitphere and also with tat own increase of tie World Ocean level. AH 
numbers an wtU correlating (correlation coefBcientt, for example, between the 
chaos«» of average temperature and the level of the Black tea U 0.S7. and 
between the changes of the levels of the Blade and Azov teat - 0,72) and have the 
tendendei to mcreaia on the background of low-frequency fluctuations, which it 
the evidence or the influence of global warming on the level or not only the World 
Ocean at a whole but alto internal teat. It wat found that Black and Azov teat 
are reacting quickly enough on the temperature changes and can, in tome tente, 
be Canute indicators. The remits were used for forecasting the changet or the 
krvel of the Black and Azov teat in the near future. 

TREND ESTIMATES FROM US ROCKETSONDE STATIONS 
AT LOW LATITUDES (80S-34°N), TAKING INTO ACCOUNT 
INSTRUMENTAL CHANGES AND NATURAL 
VARIABILITY. 

P. Keckhut (1), F.J. Schmidlin (2), A. Hauchecome (1), and M.L. 
Chanin(2) 

(1) Institut Pierre Simon Laplace, Service d'Aeronomie du CNRS, 
France, keckhut@aerov.jussieu.fr, (2) NASA Goddard Space Flight 
Center, Wallops Flight Facility, USA. 

Long-term changes of temperature and wind data obtained with US 
rocketsondes at 6 selected sites at Northern tropical and subtropical 
locations (from 8°S to 34°N) have been investigated. The analysis 
method used here is based on a multi-functions regression analysis 
that takes account for a continuous linear trend, for natural variability, 
as well as sudden change of the mean due to successive instrumental 
improvements. Changes in the time of measurement may also impact 
on trend estimates due to tidal effects. This effect is probably 
enhanced by the direct solar radiative heating on the sensor. Using this 
analysis, a significant cooling of 1 to 3 K/decade, increasing with 
height (20-60 km) is detected in the upper stratosphere. A similar 
analysis on zonal wind data reveals no significant trends larger than 
0.5 m/s/year. 
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ON THE ENERGY RELATEO CLIMATE VARIABILITY 

A. lotova 
National   Institute  of  Meteorology  and   Hydrology,   Bulgarian 
Academy of Sciences 
Antoaneta.lotova@meteo.bg/Fax: +3592-884-494 

The importance of interaction between climate as one of the main 
natural systems and energy as a major sector in the economy 
defines the necessity to study this interaction in deep. The paper 
presents results from such a study focused on the energy related 
climate variability. The study aims to describe and quantify 
relations between the energy related Greenhouse Gas emissions, 
C02 and NOx In particular, and some basic climatic 
characteristics like average temperatures at regional scale. The 
analysis within the study is performed in the framework ol the 
concept for the differences between the global and regional pattern 
of the climate system behaviour. On the other hand, predictions for 
the future state of this system are mostly necessary at regional 
scale for the development of relevant energy policy for a country or 
region. The study provides basis to formulate principles for the 
development of such a policy in order to support decision-makers. 

ESTIMATING     CLIMATE    TRENDS     BY    NONPARAMETRIC 
REGRESSION 

I. Matyasovszky 

Department of Meteorology, Eotvos Lorand University 
matya@ludens.eIte.rm/Fax: +36-1-210-1086 

Trend analysis of climatological time series has an important role in 
description of climatic changes. Ageneral model for time series y0,y„..., 
y«< is J^yitp + ej. 7=0,1,...,n where/(t) is a deterministic function called 
trend function which has to be estimated and {e;} is a sequence of 
uncorrelated random variables with zero expectation. Knowing the analytical 
form of/tt) the estimation is straightforward. Unfortunately, the typical case 
is that form is not known and therefore a model is chosen for fit). 
Nonparametric regression methods, which do not require the choice, 
represent estimators unbiased up to Ath derivative of the trend function 
defined by a local *th order polynomial approximation offlt). The problem 
results in a weighted linear combination, i.e., smoothing of the observations 
{Vj}. The question is how to choose smoothing weights and range of 
smoothing (bandwidth). The presentation discusses these problems, as well 
as the advantage of locally varying bandwidth. Methodologies concerning 
the choice of bandwidth will be applied to a Northern Hemispheric 
temperature anomaly data set. 

ASSESSCMKNI  1)1   11 IIJ[ IbMNKAIliRI 01 UZBEKISTAN 
AS RESPONSf tout (IBM «TkKMINtj 

S.I'.NIkultna.l \ >■ S|'*il..'ti.amt .•nti.,1 
llydromrtc.iiolog.cal Ii.si.t.ue   7.\    K 
Tashkent. I'/be'Miian) 
t>m«il: »anigmtV:gnnrt :.»v..i/ 
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A TIME-SLICE EXPERIMENT WITH THE ECHAM4 
A-GCM AT ENHANCED RESOLUTION: FIRST RESULTS 

Wilhelm May (I) and Erich Roeckner (2); (1) Danish Meteorological 
Institute, Lyngbyvej 100, DK-2100 Copenhagen 0, (2) Max-Planck- 
Institute for Meteorology, Bundestr. 55, D-20146 Hamburg 

A time-slice experiment has been performed employing the ECHAM4 A- 
GCM at a horizontal resolution of T106 with each time-slice covering a 
period of 30 years. The first time-slice represents the present day climate 
and the second one the climate at a time, when the COj concentration 
in the atmosphere has doubled. In these time-slices the atmosphere has 
been forced by lower boundary files, that are monthly mean values of the 
sea surface temperatures, the sea-ice extent and the sea-ice thickness, 
obtained from a transient simulation with the ECHAM4/OPYC A-O- 
GCM at a horizontal resolution of T42, where the concentrations of the 
important greenhouse gases had been prescribed according to the IPCC 
scenario 1992a. We present results showing the anticipated change in 
the general circulation due to a doubling of the COj concentration in 
the atmosphere as derived from these time-slices. This includes seasonal 
mean fields of various meteorological variables as well as variations on 
sub-seasonal timescales. 

Sea Level Hue: HadCM2 Model l-reaicuons 

J A Lowe and JM Gregory 
The Hadley Centre for Climate Prediction and Research 

Observations indicate that the global mean sea level has risen at a rate of 
approximately 1.8 mm yrl during the past century. Furthermore, modelling studies 
suggest that increased atmospheric concentrations of greenhouse gases will result in an 
increased rate of sea level rise in the future. In this work, both the global mean and the 
spatial pattern of sea level rise predicted by the HadCM2 model are presented. The 
spatial pattern of sea level rise is shown to be spatially inhomogeneous with a range 
that is of the same order of magnitude as the global mean sea level rise associated with 
thermal expansion. The pattern of sea level rise determined from the change in the 
model's inferred sea surface height is compared with the patterns of: heat uptake by the 
ocean, thermal expansion deduced from changes in modelled ocean temperature 
structure, and changes in surface wind stress and atmospheric pressure. In addition, the 
depth and spatial variation of the terms in the Navier Stokes equation are considered 
in order to elucidate the changes in ocean circulation that are concomitant with the sea 
level rise. 

PERFORMANCE   OF   CURRENT   CLIMATE-MIDDLE   ATMO- 
SPHERE MODELS: RESULTS FROM THE GRIPS INITIATIVE 

S. Pawson (1), K. Kodera (2) and 30 co-authors (3) 
(1) Universities Space Research Association, Greenbelt, USA, (2) Meteorolog- 
ical Research Institute, Tsukuba, Japan, (3) Various affiliations. 
pausonCpolska.gsfc.nasa.gov 

Current interest in the middle atmospheric effects on climate motivated the 
formation of the SPARC (Stratospheric Processes and their Role in Climate) 
project of the World Climate Research Programme. One initiative of SPARC is 
designed to assess the performance of current climate-middle atmosphere mod- 
els; thirteen models are presently included, all of which include a full represen- 
tation of the hydrological cycle and radiative processes and extend upwards to 
at least 1 hPa. 
One of the first exercises of the GCM-Reality Intercomparison Project for 
SPARC (GRIPS) is an assessment of the models simulation of the current 
climate. This gives a background for planned sets of experiments, which will 
investigate how well the effects of middle atmospheric change on climate can 
be predicted. 
The present paper will discuss results of GRIPS, first concentrating on the 
simulated structure in the lower stratosphere and upper troposphere. The im- 
portance of the reference climatology will be emphasised. The second focus of 
the presentation will be on the structure of the mean standing waves in the 
troposphere and stratosphere in the Northern Winter. These two issues have 
tremendous implications for current and future climate simulations. 
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TESTING FOR GLOBAL WARMING AGAINST STATIONARY 
NATURAL CLIMATE VARIABILITY 

J.D. Pelletier 
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA. 
jonOgps.caltaeh.«du/Fax: 626-585-1917 

Several papers have considered whether the mean global temperature record is 
statistically significant relative to the warming trend possible due to the natural 
variability of the climate system. However, previous work is not definitive due 
to the qualitative nature of the results and/or the use of a single General 
Circulation Model run as representative of the natural climate variability. I 
show that the natural variability of the system, as represented by pre-Industrial 
time series of atmospheric temperature variations, is statistically stationary 
and the autocorrelation of the time series is determined. Model global and 
regional time series statistically identical to those observed are then generated 
in monte carlo simulations to quantitatively determine the likelihood that the 
mean global warming and regional warming trends are statistically significant 
relative to the natural variability. Both the global and regional warming trends 
are found to be entirely consistent with natural variability. 

SIMULATED CHANGES IN BAROCLINIC WAVE ACTIVITY 
OVER THE ATLANTIC: A NAO VARIABILITY EFFECT? 

II. iJlbrich. Institut für Geophysik und Meteorologie der Universität zu 
Köln, Kerpener Straße 13. D-50923 Köln, Germany. 
M. Christoph, Max-Plahck-Instifut für Meteorologie, Bundesstraße 55, 
D-20146 Hamburg, Germany 

In accordance with a number of other GCM experiments, the coupled 
ocean-atmosphere GCM ECHAM4(T42, L19) + OPVC3 simulates an 
increased upper air stormtrack activity (bandpass filtered 500 hPa geo- 
potential height variability) over the East Atlantic and Western Europe 
with increasing C02 forcing. A consistent signal is also found in the dis- 
tribution of surface cyclones. While the deepest cyclones are located over 
the central Atlantic for all C02 forcings considered, the cyclone depth 
distribution is shifted towards lower core pressures over the East Atlantic 
and European sector. Previous observational studies link such a distribu- 
tion also with the variability of the North Atlantic Oscillation (NAO). It 
turns out that the anthropogenic change in barocHnic wave activity cannot 
be regarded as an artefact of the particular dominating NAO phases dur- 
ing the simulation episodes considered. Although the signal to noise ratio 
is rather low, there are indications of a systematic change towards higher 
mean NAO index values with increasing greenhouse gas concentrations. 

THE IMPACT OF A COMPLEX LAND-SURFACE SCHEME ON 
THE RESULTS OF A CLIMATE CHANGE SIMULATION 

J. Polcher and J. F. Crossley 
Laboratoire de Meteorologie Dynamique du C.N.R.S., BP 99, 4 Place Jussieu, 
75252 Paris, France. 
Jan.Polcher01md.jussieu.fr/Fax: [33] 1 44 27 73 52 

Most climate change experiments have been carried out with GCMs coupled 
to simple land-surface schemes. In this study, the impact of upgrading to a 
complex land surface on the simulated climate change will be analysed. 
Within the project "Land-surface processes and climate response" two time- 
slice experiments for a climate with enhanced COi concentration have been 
carried out. The oceanic surface conditions produced by the Hadley-Centre 
were used. The first time-slice was performed with the standard BUCKET 
scheme, which has been in use in most GCMs, the second one uses the complex 
scheme SECH1BA, which includes an explicit representation of the canopy. The 
impact on the hydrological cycle over continents in a changed climate will be 
the focus of the analysts. 
A third time-slice experiment will be performed in which the surface conduc- 
tance will be changed to represent the response of the vegetation to a COi 
enriched environment. This effect will be compared to that of the change in 
land-surface schemes. 

INTERPRETATION OF WINTER WARMING AT NORTHERN 
HEMISPHERE CONTINENTS IN 1977-1994 

E.M.Volodin 
Institute of Numerical Mathematics, Moscow, Russia. 
volodineinn.ras.ru/Fax: [+7 095] 938 1821 

Northern Hemisphere December-March near-surface temperature and pressure 
anomalies of 1977-1994 relatively to 1946-1976 are considered. These anomalies 
can be decompose into two almost orthogonal components. The first one reach- 
es its maximum in 1977-1988. Main features of anomalies of 1977-1988 can be 
obtained as the atmosphere general circulation model (AGCM) response to sea 
surface temperature anomalies observed in 1977-1988. The second component 
reaches its maximum in 1989-1994. Main features of anomalies of 1989-1994 rel- 
ative to 1977-1988 can be obtained as the AGCM response to low stratosphere 
ozone depletion observed in 1989-1994. 
Model response to tow-stratosphere ozone depletion was studied. It was shown 
that it almost coincides with the dominant mode of model low-frequency vari- 
ability. The same is true for the observed anomalies of 1939-1994. Additional 
AGCM runs showed that large response to a small low-stratosphere external 
forcing can be obtained if the external forcing (in our case anomalous zonal 
mean radiative heating) is spatially correlated with the spatial structure of 
zonal mean vertical movement associated with the dominant mode. This con- 
dition is satisfied for observed low-frequency variability and low-stratosphere 
ozone depletion. So, real atmosphere can be strongly sensitive to small varia- 
tions of the ozone in low stratosphere. 

B 
COMPARISON   OF  ATMOSPHERE   MODEL  AND   COUPLED 
MODEL CLIMATE CHANGE DETECTION ESTIMATES. 

D.M.H. Sexton and C.K. Folland 
Hadley Centre for Climate Prediction and Research. Meteorological Office, 
U.K.. 
dsextonOmeto. gov. uk 

We show a new approach to climate change detection and attribution using 
an atmospheric general circulation model (AGCM). Ensembles of AGCM runs 
were forced with the observed history of sea surface temperature (SST) and 
sea ice extent and a variety of forcing factors added incrementally. 

We compare these runs from those from coupled model (CGCM) runs forced 
with the same changing anthropogenic forcings. The AGCM detects a signal 
that is additional to any feedbacks between the anthropogenic forcing and the 
ocean. We show that the "residual" anthropogenic signal in the AGCM is not 
much smaller than the CGCM signal. For zonally averaged vertical profiles of 
temperature, the AGCM internal variability is on average substantially less 
than that of the CGCM. Thus we detect anthropogenic influences at a clearly 
statistically significant level in the troposphere and lower stratosphere. 

However, only a CGCM can simulate the full impact of anthropogenic forcing 
on the climate, so the AGCM provides a complementary detection and analysis 
method. Accordingly, the Hadley Centre has now started parallel runs of an 
AGCM and a CGCM with the same time-varying forcings, where the CGCM 
has the same atmospheric component. 

SEMI-EMPIRICAL MODELS OF AGE TRANSFORMATION OF THE 
CLIMATE OF UKRAINE FOR MODERN ERA 

Volodymyr M.Voloshchufc, professor, Svctlaaa C. Boychenko. auistent, tba 
department of climatology of the Kyiv T. Shevchenfco University. 

There were obtained stml-empirical models of dimallc field« or the following 
characteristics of th* chmatt of Ukraine: meteorological norms (average tor the 
period 19C1-I990), dispersion from year to year sod coefficient of Kotar trend 
(period 1900-1*90) land-surface temperatures and mttniity of atmospheric 
pncipitaiioti. The models an bated on representation of time dependency of the 
mentioned climatic characteristic* in form of three items (usual component and 
two »»«rmnnif components) end approximation of the dependency from 
teographical co-ordman» by linear polynomial!. 
It was found that changeability of land-surface temperatures from year to year is 
appf oximatid by normal (Gsiui) distribution. Then IU considered th* statistic 
hypothesis reger dtc£ the choice of the approximation scheme of changeability 
distribution of atmospheric precipitation mttniity on the basis of gamma- 
distribution or log-normal (log-Gauss) distribution. There was mad* an analysis 
of possible physical causes responsible for formation of received particularities of 
age transformation of land-surface temperature dimatic fields and intensity of 
precipitation m Ukraine (decrease of summer temperature in south-west regions 
of Ukraine, decrease of annual intensity of prectpitatioa in north-west regions). 
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ST14 Solar   imprints   in   terrestrial   archives 
(co-sponsored by OA) 

Convener: Cini-Castagnoli, G. 

RESULTS OF CYCLOGRAM ANALYSIS OF EL NINO OCCUR- 
RENCES TO SEARCH FOR POSSIBLE PHASE RELATIONSHIP 
WITH SOLAR ACTIVITY 

S. Cecchini (1). M. Galli (2), T. Nanni (3) and A. Pagliarin (4) 
(1) Institute TESRE-CNR, Bologna, Italy. (2,4) DFUB, Bologna University, 
Italy. (3) Institute FISBAT-CNR, Bologna, Italy. 

The cyclogram analysis has been applied to the dates of El Nino occurrences 
as reported by Quinn et al.(\V.H. Quinn. V.T. Neal, S.E. Antunez De Maiolo, 
El Nino Occurrences Over the Past Four and a Half Centuries, J.G.R., 92, 
14449-14461, 1987). The results will be discussed. This new kind of analysis 
can detect possible phase relationships of El Nino occurrences and a possible 
relationships with solar activity cycles or some other geophysical oscillating 
phenomena, including possible phase locking among them. 

LATITUDE DISTRIBUTION OF SOLAR RADIATION INTENSITY FALLING ON 
THE EARTH'S ATMOSPHERE 

M.V.Babiy 
Marine Hydrophysical Institute Ukranian Academy of Sciences 
2 Kapitanska Str., Sevastopol 335000 UKRAINE ocean@mhi2.sebastopol.ua 

Effect of the secular variations of earth's axis inclination,earth's orbit eccentricity and 
vernal equinox anomaly on latitude distribution of solar radiation mean intensity is 
investigated. Different combinations of these parameters change shapes of phase 
trajectories of annual latitude movement of maximum insolation mean intensity.These 
trajectories being distributed between the Tropic of Cancer and the Tropic of 
Capricorn are degenerated into the lines during glacial and heating periods. 

THE BASIC 180-YR AND 2200-YR CYCLES IN THE SOLAR 
MOTION 

Ivanka Charvatovä 
Geophysical Institute AS CR, Bocnf II, 141 31 Praha 4 

e-mail: lCH@ig.cas.cz 

On the time interval long 9000 years, the 2200-yr modulation of 
the basic 180-yr period of solar inertia! motion will be 
demonstrated. (The Sun returns on the trefoil orbital type always 
after 179 years. In the intermediate intervals, the Sun moves 
along different chaotic orbital patterns and these Intervals 
coincide with the known prolonged minima of solar activity, 
such as the Sporer, Maunder, Dalton, etc. minima.) The 2200- 
years modulation has been detected in two ways: the first 
consists in a repetition of the intervals long about 400 years, 
where the Sun exceptionally moves along the trefoil orbital 
pattern. The second follows from the coincidence between the 
Sporer and Maunder orbital patterns and the respective Sporer 
and Maunder types of prolonged minima of solar activity. The 
trefoil orbit is a repeating, exceptional and stable pattern in solar 
motion. The same properties of the solar-terrestnai phenomena 
have been found there. The solar motion, separated into two 
basic orbital types, could serve as a basis against which solar 
imprints in terrestrial archives could be related. 

RECONSTRUCTION OF THE SOLAR ACTIVITY BASED ON THE 
ANALYSIS OF COSMOGENIC RADIONUCLIDES IN ICE CORES 

J. Beer (1) and J.Masarik (1) 
(1)  Environmental  Physics,   Swiss  Federal  Institute  for Environmental 
Research and Technology, EAWAG, CH-8600 Dübendorf, Switzerland. 

Solar activity modulates the flux of the galactic cosmic rays through magnetic 
fields carried by the solar wind. This modulation effect has been calculated 
as a function of geomagnetic latitude and solar activity using Monte Carlo 
simulations of the interaction between cosmic ray particles with the 
atmosphere. Records of cosmogenic radionuclides measured in ice cores 
allow to derive the corresponding modulation factor and to reconstruct the 
history of solar activity over the last several centuries. 

SOLAR VARIABILITY IMPRINTED IN THE 5"0 TIME SERIES 
OF A SHALLOW WATER MEDITERRANEAN CORE 

G.Cini Castaimoli (1), S.Bernasconi (2), G. Bonino (1), P.Delia Monica (1) and 
C.Taricco (1) 
(1) Dipartimento di Fisica Generale dell'Universita, Via P.Giuria 1,10125 Torino, 
Italy and Istituto di Cosmogeofisica del CNR, Corso Fiume 4, 10133 Torino, 
Italy, (2) Geologisches Institut, ETH-Zentrum, CH-8092 Zuerich, Switzerland 

The 8"0 profile o/Gbbigerinoides Ruber was measured in a shallow water core of 
the Ionian sea over the period 1200 - 1900 A.D., with the fine resolution of 3.87 
years. An accurate dating of the core has been performed by ""Pb radiometric 
method and by a detailed tephroanalysis. The markers of the historical volcanic 
eruptions which occurred in the Campanian area (Vesuvius, Phlegrean Fields, 
Ischia) during the last two millennia have been identified along the cores. The high 
precision of the core dating allows to transform the depth scale into a time scale 
with an accuracy of -1%. The analysis of several cores taken in the same area 
demonstrates that the results presented here are of general validity, at least in this 
region. The spectral analysis of the 8'*0 time series with different methods show 
that the dominant periodicity corresponds to 11.4 years; in particular the Singular 
Spectrum Analysis (SSA) shows: a) the first two leading components (RC 1-2) of 
the record correspond to a deterministic signals with period 11.4 y in phase with 
the sunspot record and with an average amplitude of 0.08 per mil. The statistical 
significance is given by Monte Carlo SSA (MC-SSA). b) The trend (RC 3-4) 
shows a minimum (warm) in 1400 A.D. and maximum (cold) in 1700 A.D., 
corresponding to the well-known climatic feature of the Little Ice Age. c) The 22 y 
running mean of the sunspot record and of the 8"0 time scries show the same 
behaviour from 1700 to 1850 A.D. From there on, the 8"0 time scries records the 
temperature effect due to the CO; antropogenic increase. 
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INVESTIGATION OF THE REFILLING PROCESSES OF CONVECTED 
PLASMA TUBES ON THE BASIS OF HYDRODYNAMICAL MODEL 
OF PROTONOSPHERE IN 8-MOMENT APPROXIMATION 

V.V.Klimenko(l),N.S.Natsvalyan(l) 
(1 )West Department of IZMIRAN, Kaliningrad, Russia 
wwk@izmirart.koenig.su/Fax:(7-0112)215606 

The distributions of concentration Ni and temperature Ti of H+ ions in plasma tube, 
convected from polar cap to L=6,1 at night, dawn and day side, as well as to L=8,1 at 
dusk side are presented. They are obtained with help of simplified numerical model of 
protonosphere based on the set of quasi-hyd- rodynamical transport equations of H+ 
ions in 8-moment approximation. The integration of model equations is executed along 
dipole geomagnetic field lines between their bases selected on height of 3000 km. 
There is assumed, that geomagnetic field lines of polar caps are open. There is taken 
into ac- count that during magnetospheric convection of plasma tubes the change of 
their volumes happens. Parameters of steady-state polar wind are chosen as initial 
conditions for all tubes. The investigation of effects of plasma tube adiabatic 
compression and expansion in consequence of magnetospheric convection is 
performed. The distributions of Ni and Ti in meridional planes conformed to 00,06,12 
and 18 MLT on various heights in protonosphere and in equatorial plane of 
magnetosphere are obtained. The heating of H+ ions (up to 100000 K) behind the 
plasmapause, qualitatively agreeing with observations of hot zone in plasmasphere is 
obtained. This heating is reproduced thanking to addition of the model set by ion heat 
flux equation. 

EARTHS CLOUD COVER AND COSMIC RAY FLUX VARIA- 
TIONS 

Henrik Svensmark 
Solar-Terrestrial Physics Division, Danish Meterological Institute, Lyngbyvej 
100, DK-2100 Copenhagen 0, Denmark . 
hsvCdmi.dk 

A recent result indicates that the Earth's cloud cover, observed by satellites, is 
strongly correlated with the cosmic ray flux, which in turn is inversely corre- 
lated with the solar activity[l]. Since clouds are very important in the'radiation 
budget of the Earth, an influence via cosmic ray flux will have significant cli- 
matic effects. For example during the last solar cycle the total .cloud cover 
varied with approximately 3 - 4 % which could correspond to a variation of 1.5 
Wm"2 during this period. In the talk we will present results on the variations 
of cosmic ray flux and cloud types and show spatial correlation patterns. An 
estimate of the importance of different solar activity parameters like, solar radi- 
ation, ultra-violet radiation, X-ray radiation,.10.7 cm solar flux, and cosmic ray 
flux, will be made on the basis of observations of surface temperature on time 
scales ranging from years to centuries. The results could provide a explanation 
of the correlation between solar cycle length and global temperature. 

[1] H. Svensmark and E. Friis-Christensen, J. atm. sol.-terr. Phys., 59, 1225 
(1997) 

SOLAR WIND VARIATIONS AND TERRESTRIAL RESPONSES 

Nils-Axel Mörner 
Paleogeophysics & Geodynamics, Sweden, momer @ pog.su.se 

The solar wind intensity varies with the sunspot activity. It is well 
recorded that this modulates the Earth's geomagnetic shielding so 
that the infall of cosmic ray varies, by that affecting the formation of 
atmospheric i*C. At the same time it seems to affect the Earth's rate 
of rotation. During the periods of low sunspot numbers - the Spörer, 
Maunder and Dalton minima - Earth's rate of rotation increased. 
This affected the oceanic circulation so that the a major current like 
the Gulf Stream sent less warm equatorial water along its northern 
branch towards NW Europe at the same time as Arctic water 
penetrated furter south. This led to severe cold periods - known as 
Littele Ice Ages - in the NW European region. In southern Europe and 
northern Africa the same periods were characterized by increased 
heat. This means that these periods represent changed distribution of 
the terrestrial energy. And this was driven by increased rate of 
rotation. In this scenario, we do not need to call for hypothetical 
large-scale variations in solar irradiance; only an influence of the solar 
wind variability on Earth's rate of rotation. There are physical means 
of understanding the linkage between solar wind intensity and 
Earth's rotation. 

OA18 Heterogeneous and homogeneous chemistry 
of reactive halogen compounds in the lower 
troposphere (co-sponsored by ST) 

Convener: Platt, U. 
Co-Convener: Moortgat, G.K. 

ACTIVATION OF HALOGENS VIA HOBr IN THE MARINE 
BOUNDARY LAYER - A LABORATORY STUDY 

.Lj^jfamsi I). S. Fickert (1), G.K. Moortgat (1), J.N. Crowley (1) 
(I) Max-Planck-Institut für Chemie, Department of Atmospheric Chemistry, 
Postfach 3060, D-55020 Mainz 

Halogen activation, via uptake of HOBr on seaspray aerosol, is of great interest for 
the chemistry of the remote- and polar- marine boundary layer. Photochemically 
active species can be produced according to the following reaction Scheme: 

HOBr(aq) + CI" + H BrCl(aq) + H,0 
The BrCl product can (1) diffuse to the gas/liquid interface and enter the gas phase, 
where it photodissociates, (2) hydrolyse back to HOBr or (3) react with Br" to form 
Br;. which, in turn, may enter the gas phase. 

BrCI(aq) + Br" Br,(aq) + CI" 
The efficiency (both relative and absolute) of conversion of HOBr to Br, and BrCl, 
depends on the chloride and bromide concentrations in the seasalt aerosol and on the 
aerosol pH. Laboratory experiments to investigate the interaction of HOBr with 
sythetic seasalt solutions were carried out using a wetted wall flow reactor /mass 
spectrometer combination. The results indicate that HOBr uptake onto aerosols with 
Br'/cr ratios encountered in the MBL results in predominately Br, production. The 
aqueous chemistry of the system studied was modelled using known equilibrium 
constants. The results showed excellent agreement with the experimental data. 
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MEASUREMENTS OF TROPOSPHERIC IODINE OXIDE IN 
THE MID-LATITUDES 

B. Alicke (1), K. Hebestreit (1), U. Platt (1), L.J. Carpenter (2) and W.T. 
Sturges (2) 
(1) Institut für Umweltphysik, Im Neuenheimer Feld 366, 69120 Heidelberg, 
Germany, (2) School of Environmental Sciences, University of East Anglia. 

The role of reactive halogen species (RHS) in stratospheric ozone chemistry 
is well known today. The discovery of sudden tropospheric ozone depletion 
events in arctic spring, which were correlated with elevated bromine levels, 
woke the interest in tropospheric chemistry of halogens and halogen containing 
species. Following the measurements of Bromine Oxide in the Arctic in 95/96 
the question arouse if there may be similar processes at mid-latidudes. 
A field campaign in Mace Head / Ireland was carried out in the framework of the 
HALOTROP / ACSOE projects in April / Mai 1997. We present measurements 
of 03, NO*, S02, HCHO, HONO, BrO, CIO and 10 by Differential Optical 
Absroption Spectroscopy (DOAS). 
No spectral absorption of BrO or CIO could be identified during the campaign 
thus the concentration of BrO and CIO were below the detection limit. For the 
first time, however, it was possible to detect 10 in the free troposphere. The 
characteristic absorption bands of 10 between 427.6 nm and 436.4 nm could 
be identified during several days. The maximum 10 concentration was 6.6 ppt 
(at a detection limit of 1.65 ppt). A calculation of the expected ozone loss with 
the measured 10 concentration will be shown, also possible sources of 10 will 
be discussed. 

CHLORINE AND BROMINE DETECTION DURING ARCTIC OZONE 
DEPLETION EVENTS AT NY ALESUND. 

T. Arnold, M. Martinez.    D. Perner. J.X. Crowley 
and R. Seuwen, Max-Planck-Institut für Chemie. Saarstr. 
23, D-55122 Mainz 

Reevaluatlon of the signals from the peroxy radical 
chemical amplifier, ROx-Box, obtained at the EC-sponsored 
Arctic Tropospheric Ozone Chemistry (ARCTOC) project 
revealed this Instrument to be sensitive for C1/C10 as 
well. During sunny periods the chemical amplifier signals 
often represent composites of peroxy radicals as well as 
C1/C10. The ROx-Box was calibrated in the following for 
active chlorine and the amplification mechanism was 
evaluated. 
A few ppt of active chlorine appeared in boundary air 
ozone depletion events together with bromine oxide as 
followed by differential optical absorption spectroscopy 
(DOAS). Apparently both halogens were actively involved 
In ozone depletion during the campaigns at Ny Alesund. 
Spitsbergen, in April 1995 and 1996. The discussion will 
concentrate on the synergy of ozone destruction by 
bromine and chlorine and will be described by a chemical 
box model. The results for chlorine bring new insight in 
the mechanism of halogen release into polar boundary air. 

A NEW LABORATORY APPROACH TO HETEROGENEOUS HALOGEN 
CHEMISTRY 

M. Ammann (1), M. Wachsmuth (1), U. Baltensperger (1), D.T. Jost (1), and H.W. 
Gäggeler(l,2) 
(1) Paul Scherrer Institute, CH-5232 Villigen, Switzerland, (2) University of Bern, 
CH-3012 Bern, Switzerland) 
markus.ammann@psi.ch/Fax: +41-56-3104435 

Dramatic ozone depletion in the Arctic boundary layer has been attributed to the 
presence of bromine radicals formed via heterogeneous reactions with the aerosol of 
the remote marine boundary layer. Presently the influence of bromine heterogene- 
ous chemistry on the ozone budget of the less remote, more polluted boundary layer 
is being discussed. The new project started at Paul Scherrer Institute aims at quanti- 
fying the relevant reactions on tropospheric aerosol particles in the laboratory by 
making use of short lived radioactive isotopes (M,87Br) with a half-life of 1 min. 
Such experiments basically allow the interaction of gaseous molecules with surfaces 
to be studied at arbitrarily low concentration. In a preliminary study the approach 
was successfully applied to a model system, namely by studying adsorption and 
desorption of HI to silver particles. The experiments showed that the interaction of 
the molecules with the particle surface can be described by an activated chemisorp- 
tion process determining the low sticking coefficient of HI on silver. In a first ap- 
plication, the desorption of HBr from soot particles was studied to determine the 
binding energy of HBr to these particles. A broad distribution of chemically differ- 
ent adsorption sites for HBr on soot was derived from these measurements. 

AN OVERVIEW OF OBSERVATIONS RELATED TO POLAR 
TROPOSPHERIC OZONE DEPLETION CHEMISTRY 

Leonard A. Barrie 
Climate and Atmospheric Research Directorate, Atmospheric 
Environment Service, 4905 Dufferin St., Toronto, Ontario 
M3H 5T4 Canada, len.barrie@ec.gc.ca/Fax +1-416-739-4224 

In the lower troposphere of the polar regions at sunrise, ozone 
depletion occurs. It is driven by halogen compounds, particularly 
those of Br and Cl. Evidence suggests that the source of these 
halogens are heterogeneous reactions that mobilize sea salt 
halogens in surface ice and snow. Since the early 1980s when 
tropospheric ozone depletion was first observed in the Arctic, there 
have been numerous observational studies of this phenomenon. 
The most recent have been a series of Polar Sunrise Experiments 
(PSE) at Alert Canada and the European ARCtic Tropospheric 
Ozone Chemistry (ARCTOC) project at Ny Alesund/Spitsbergen. 
Other recent measurments indicate that tropospheric ozone 
depletion also occurs in Antarctica. Observational evidence of ozone 
depletion and related halogen chemistry is reviewed in this paper. In 
addition, a recently discovered link between the atmospheric cycle of 
mercury   and   arctic   ozone   depletion   chemistry   is   explored. 

C2-C7 hydrocarbon concentrations in Arctic snowpack interstitial air 

P.A. Arivam. J. F. Hopper (2), and G. W. Harris (3) 

(1 )Max Planck Institute for Chemistry, Air Chemistry Division. P.O. 3060. D- 
55020 Mainz, GERMANY,(2) Atmospheric Environment Service. 4905 
Dufferin Street, Downsview. Ontario, CANADA (3) Department of 
Chemistry, York University, 4700 Keele Street. North York, CANADA 

For the first time, samples of interstitial air from within the snowpack on 
an ice floe on the Arctic Ocean were collected during the 1994 Polar 
Sunrise Experiment. The concentrations of C2-C7 hydrocarbons were 
determined in Arctic snowpack interstitial air. Hydrocarbon 
concentrations tended to be higher than concentrations in free air samples 
above the snowpack, but ethyne concentrations in both interstitial and free 
air were highly correlated with ozone mixing ratios, consistent with 
previous demonstrations of the effects of Br atom chemistry. Results 
were inconclusive due to the limited number of samples, but suggested 
that there may be some differences in the chemical reactions occurring in 
interstitial air compared to the boundary layer. In this paper, we will 
compare air and interstitial samples and will discuss the potential 

; chemical reactions involved in the snowpack and in the gas-phase. 

GAS-PHASE KINETICS AND PHOTOCHEMISTRY OF BROMINE AND 
IODINE CONTAINING SPECIES IN THE MARINE BOUNDARY LAYER 

D.Bauer (1), T.Ingham (1), P.Campuzano-Jost (1), S.A.Carl (1), G.K.Moortgat 
(l),andJ.N.Crowley(l). 
(1) Max-Planck-Institut für Chemie, 
bauer@mpi-mainz.mpch.de/Fax: +49 6131 305 436 

Recent field measurements have shown that reactive halogen species are 
ubiquitous to the marine boundary layer (MBL). A central role for bromine (Br, 
BrO and HOBr, Br2 and BrCI) has been invoked to explain the well documented 
episodic depletion of ozone in the Arctic lower troposphere. In addition, 
measurements of photolabile iodine containing organics such as CH1I2 or C3H7I 
and the 10 radical indicate that iodine may also play a crucial role in the ozone 
budget of the MBL. In the present study we present experimental, laser-based 
kinetic and photochemical results for the following processes: 

HOBr + hv -» OH + Br 
BrO + DMS -> products 
HOI + hv -> OH + I 
HI + Av -» H + I 
OH + HI -> H20 + I 
OH + CjH,! -> Products 
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REACTIONS OF BROMINE ATOMS WITH ALKENES: 
KINETICS AND MECHANISMS AT LOW PRESSURE 

Yu. Bedjanian. G. Poulet and G. Le Bras 
Laboratoire de Combustion et Systemes Reactifs. CNRS and Universite d'Orleans. 
Orleans. France. 
bedjanian Sicnrs-orleans.fr/ Fax: +33238257905 

Autocatalytical active bromine release from ice or snow or sea salt aerosol may be 
important in the marine atmosphere at high or mid-latitudes (eg EC ARCTOC and 
HALOTROP project reports). The importance of this process is highly dependent 
on the formation rate and stability of the bromine reservoirs. Reactions of Br atoms 
with unsaturated hydrocarbons (alkenes) have been investigated as processes which 
may form bromine reservoirs in the marine atmosphere. The studied reactions 
include : Br + ethene. propene. trans-2-butene. 2-mcthvl-2-butene. 2.3-dimethyl-2- 
butene and 1-hexene.The mass spectrometry discharge-flow method has been used 
at total pressure >» (0.5-2.0) Torr and over the temperature range T= (233-320)K. 
Both hydrogen atom abstraction (forming the HBr reservoir) and addition channels 
have been observed for these reactions and Arrhenius expressions have been 
obtained for all channels.The atmospheric implications of these results will be 
discussed. 

THE REACTION OF ATOMIC CHLORINE WITH BENZENE 

F. Berho, M.-T. Rayez, R. Lesclaux and E: Villenave 
Laboratoire de Physico-Chimie Moleculaire, University Bordeaux 1 
lesclaux@cribxl.u-bordeaux.fr; Fax: (33) 5 56 84 66 45 

It is now recognized that chlorine atoms may participate significantly to 
the oxidation capacity of the troposphere since atom concentrations ranging from 
104 to 10s molecule cm"J can be predicted, as a result of chlorine activation by 
heterogeneous processes. On the other hand, kinetic and/or mechanistic data 
concerning the oxidation processes of aromatic compounds are still rather scarce. 
The work presented here gives a new insight into the reaction of atomic chlorine 
with benzene, providing information both concerning reaction kinetics and 
mechanisms. The experimental work, performed using flash photolysis coupled to 
UV absorption was complemented by quantum calculations. The rate constant of 
the association reaction was investigated using the relative method and was found 
to be very low : k(CI + QH«) = (9.8±4.1) x 10'" cm5 molecule-1 s'1. In feet, no 
reaction could be observed in the absence of oxygen, and this lead us to conclude 
with the establishment of an equilibrium largely shifted towards the reactants Cl 
and QHs. This was confirmed by the theoretical calculations which showed that 
the chlorocyclohexadienyl radical, the addition product, was fairly unstable. As the 
abstraction channel, leading to HCI and the phenyl radical, is largely endothermic 
at room temperature (* 32 kJ mol"1), it was considered to be inefficient. The reasons 
for such a slow reaction were not elucidated yet and work is still in progress. 

WHICH COMPONENTS OF THE SEA-SALT AEROSOL PROMOTE THE Br'- 
CATALYSED PRODUCTION OF HALOGENATED RADICALS ? 

W.Behnke. M. Elend. U. Krüger and C. Zetzsch 
Fraunhofer-Institut für Toxikologie und Aerosolforschung, Hannover 
behnke@ita.fhg.de/Fax: +49-511-5350155 

Former smog chamber experiments (Betake et al, 1995; 1996), field experiments (Jobson 
et al., 1994; Singh et al., 1996) and model calculations (Mozurkewich, 1995; Vogt et al., 
1996) show that halogenated radicals are produced in the presence of seaspray aerosol and 
ozone. A probable reaction pathway is that BrO is produced from the reaction of ozone with 
Br atoms; BrO reacts with HOi in the gas phase to form HOBr, which is adsorbed by the 
aerosol surface. In the droplets of the wet aerosol HOBr reacts with Br" or Cl" to form Bri or 
BrCl. The reaction should be dependent on the pH value and on the the ratio Br'/Cl". Iodide 
may have an direct influence by catalysis. Sulphate and nitrate may have an indirect 
influence by changing the ionic strength of the aerosol. 
Our smog chamber experiments show an initial phase with very low production rate of 
halogenated radicals, where a few Br atoms are produced by the known reaction of OH 
radicals with Br". A second phase is governed by strong ozone degradation promoted by the 
production of Ba In our recent experiments we show that, during these two phases, the 
ratio BrVCl' decreases from 1/600 to less than 1/2000. A parallel decrease of the pH 
value down to less than three is observed. This is caused by the uptake of oxalic acid 
produced from the degradation of hydrocarbons. Now begins the third phase of the 
experiments with a smaller production rate of Br atoms but high production rates of atomic 
Cl. Finally the production of halogenated radicals decreases. Previously we supposed that 
this decrease was caused by the loss of Br' or an increase of the pH value. But our recent 
measurements show that the ratio of BrVCl" increases again to 1/1000 and the pH value 
decreases. So the cause of the decrease of the production rate of halogenes is unclear and 
requires further experiments. 

KLNETIC AND PHOTOCHEMICAL STUDIES OF IODINE OXIDE 
CHEMISTRY 

W. J. Bloss. D, M. Rowley, R. A. Cox. R. L. Jones 
Centre for Atmospheric Science, University of Cambridge 
Email: billfi.atni.ch.cam.ac.uk  Fax: +44 1223 336362 

Halogen atoms and halogen oxide radicals X, XO where X=C1. Br play an 
important role in the chemistry or the troposphere, through their participation in 
catalytic ozone destruction cycles. Iodine compounds have the potential to make 
a significant contribution to tropospheric ozone destruction, and have been 
proposed as a factor in mid-latitude stratospheric ozone reduction. A know ledge 
of the chemistry" of 1 and 10. photochemical and kinetic data for reactions such as 
IO +10,10 + XO, 10 + HO;, is necessary in order to quantify the possible role of 
iodine compounds in ozone destruction. The technique of laser photolysis / UV 
absorption spectroscopy featuring CCD detection lias been used to investigate the 
chemistry of iodine monoxide: The absorption cross-section of the 10 radical has 
been measured, and the kinetics of the 10 + IO reaction studied as a function of 
temperature and pressure. OIO formation and loss in this system has been 
monitored, and a lower limit for the OIO absorption cross-section determined. 
The kinetics and products of the IO + BrO reaction have been investigated. 

LABORATORY STTJÜrIS~C>rHin UPTAKE OF ATMOSPHERIC 
TRACE GASES ON SOLID SURFACES 

P. Behr, M. Rreil and R. Zellner 
Institute of Physical and Theoretical Chemistry, University of Essen, 
D-45117 Essen 
Fax:+49-201-183-.3228 

Chemical interactions between gaseous trace gases and solid and liquid 
surfaces form an important part of atmospheric chemistry. The present 
project focusses on the experimental investigation of the fate of gaseous 
species (NO, N02, N205, HCI, HBr, HOC1 and HOBr) on pure ice and 
frozen salt(acid)-solutions (NaC'l. NaBr, HCI and HBr). The experiments 
were carried out using the coated wall flow-lube technique with the 
detection of gaseous species and reaction products by molecular beam 
QMS. Using the theory of transport and reactions in cylindrical reactors, we 
were able to derive the mass accommodation coefficients. The results will 
be discussed with regard to (i) adsorption equilibrium, surface reaction and ■ 
saturation as well as (ii) the influence on the gasphasc chemistry of the 
atmospheric trace gases in the presence of solid surfaces. 

SPECTROSCÖPIC AND KINETIC PROPERTIES OF XNO, ( X = Br, I) 

R. Bröske (1), F. Zabel (2) 
(1) Physikalische Chemie/FB 9, Bergische Universität-GH Wuppertal, Germany 
(2) Institut für Physikalische Chemie, Universität Stuttgart, Germany 
broeske@physchem.uni-wuppertal.de / Fax: +49-202-4392505 

Nitryl halides (XN02>, X = Cl, Br, I(?)) are formed by the interaction of N205 

with sea salt particles and can contribute to the radical budget in marine atmo- 
spheres. Spectroscopic and kinetic properties of these compounds are not well 
known. In this work, BrN02 and IN02 were prepared in a 400 1 photoreactor by 
photolysing X2/N02/N2 mixtures with light of 500 nm £ X S 700 nm at 1000 
mbar. Long-path IR (50.4 m) and UV (3.13 m) spectra could be measured 
simultaneously using an FTIR and a diode array spectrometer. Photostationary 
concentrations of XN02 were established after = 660 s and 240 s, respectively, 
for BrN02 and 1N02. The UV-VIS spectrum of IN02 shows local maxima at 
246, 286, and 345 nm and is red-shifted as compared to the^UV spectra of 
CIN02 and BrN02. Absorption cross sections of BrN02 as determined from a 
mass balance of reaction (1), BrN02 + NO => BrNO + NO, are in excellent 
agreement with recent data of Scheffler et al. (1997). k, was measured between 
255 and 293 K, resulting in k, = 2.3xl0"l2exp(-17.9 kJ mol'/RT) cm'molecule" 
's'1. The observed stationary BrN02 concentrations suggest a rapid reaction 
between BrN02 and Br atoms. The long lifetime of BrN02 in the presence of 
radical scavengers supports the results of Frenzel el al. (1997) who suggested 
that the thermal lifetime of gaseous BrNCh is larger by four orders of magnitude 
than previous results of Kreutter et al. (1991). 
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KINETIC STUDIES OF THE REACTIONS OF THE IO RADICAL WITH 
ITSELF, 0(*P) AND HO,. 

C. E. Canosa-Mas, M. Flügge, D. Shah, A. Vipond and R. P. Wayne. 
Physical and Theoretical Chemistry Laboratory, University of Oxford, South Parks 
Road, Oxford, 0X1 3QZ, UK. 
vipond@physchem.ox.ac.uk/Fax: +44-(0)1865 275410 

Iodine-containing compounds, such as CH3I, are released into the atmosphere from 
several natural sources, including oceanic plankton and the burning of biomass. There 
are also potential anthropogenic sources of iodine, such as CFjI, proposed as an 
alternative fire retardant. Iodine atoms are released principally by the photolysis of 
alkyl iodides, their main fate in the troposphere being reaction with ozone to produce 
10 radicals. The kinetic results will be presented from laboratory discharge-flow 
studies of the reactions of the 10 radical with 0(3P), HO, and 10 at room 
temperature, employing chemiluminescence and resonance fluorescence detection. 
The reaction of IO with H02 is thought to be important in the troposphere, and there 
are tentative suggestions that the reaction with 0('P) may occur in the stratosphere. 
The self reaction of 10 is of little atmospheric significance, but is of interest to those 
observing the reactions of 10 in the laboratory. Information on the overall rate 
constant and the branching ratios for the different channels will be presented. 

KINETICS OF THE UPTAKE OF D20 AND BrON02 ON ICE 

L.  Chaix.  and  M.J.  Rossi  (EPFL,  LPAS,  CH-1015  Lausanne, 
Switzerland) 
Ice forms a significant part of tropospheric and stratospheric clouds, 
and is therefore an important constituent of atmospheric aerosols. 
Because of the role of heterogeneous reactions in the destruction of 
stratospheric ozone, in which surfaces are involved, it is necessary to 
understand how processes such as cloud formation, growth, and trace 
gas interactions with ice occur in the atmosphere. Therefore, the real 
time kinetics of D2O condensation and evaporation of D2O on ice have 
been studied in a very low pressure reactor (Knudsen Cell) using MS 
detection. The kinetics of adsorption has a negative temperature 
dependence: the condensation coefficient y of D2O on ice decreases 
from 0.30 to 0.05 over the temperature range 140 to 220K. We found 
also a significant dependence of y on the method of preparation of the 
ice. At 180 K y= 0.23 for a bulk ice sample, whereas for condensed ice 
samples y= 0.17 . These measurements revealed a complex mechanism 
of interaction of D2O on ice, involving a precursor species. 
In addition, considering the possible role of heterogeneous chemistry 
of bromine species in the springtime depletion of Arctic tropospheric 
ozone, we measured the uptake kinetics of Nitrate Bromine BrON02 
on ice at temperatures of atmospheric interest both with and whithout 
HC1 and HBr. Possible atmospheric implications of this work will be 
discussed. 

Laboratory Kinetic Studies Of The Reactions Of Cl Atoms With 
Species Of Biogenic Origin. 

C.E. Canosa-Mas, E. Cotter, D. Stewart, K, Thompson and R.P. Wayne. 
Physical and Theoretical Chemistry Laboratory, Oxford University. 
katy@physchem.ox.ac.uk  Fax. number: +44 (0)1865 275410. 

The reactions of Cl atoms in the troposphere, particularly in polar regions and the 
marine boundary layer, have received increased interest in recent years. Isoprene is 
one of the most abundant biogenic species in the marine boundary layer, so that its 
reaction with Cl atoms could prove to be significant. 

Values of the rate coefficients for the reactions of atomic chlorine with isoprene and 
its atmospheric oxidation products, methacrolein and methyl vinyl ketone, have been 
determined both by a relative rate technique, using gas chromatography as the 
detection system for the organic species, and by an absolute technique, involving the 
use of a discharge fast-flow system with resonance fluorescence detection of Cl 
atoms. 

The results obtained so far of the products determined by gc-ms will be presented 
for the Cl atom plus methyl vinyl ketone and Cl atom plus methacrolein systems. 

REACTIVE BROMINE IN THE MARINE BOUNDARY LAYER: 
LABORATORY STUDIES OF GAS-PHASE AND HETEROGENEOUS 
PROCESSES. 

J.N.Crowlevfn. S. Fickert (I), J. Adams (1), D. Bauer (I), T. Ingham (1) 
(1) Max-Planck-Institut für Chemie, 
crowley@mpi-mainz.mpch.de/Fax: +49 6131 305 436 

Reactive bromine species (Br, BrO and HOBr, Br2 and BrCI) play a central role in 
episodic depletion of ozone in the polar lower troposphere and may be important 
for the remote MBL. HOBr links the gas- and aqueous phases where it takes part 
in ozone destroying catalytic cycles and in liquid phase reactions that convert Br' to 
the insoluble, photolabile molecular halogens Br2 and BrCI, respectively. In the 
present study, we have examined the efficiency of halogen activation via the 
heterogeneous reaction of HOBr on sea-salt aerosol (la and lb), made new 
measurements of the absorption cross-sections and J-values of HOBr (2), and made 
kinetic measurements of the reaction between BrO and DMS (3). 

HOBr + Br- 

HOBr + Cf 
HOBr + hv 
BrO + DMS 

Br2 + OH (la) 
BrCI + OH (lb) 
OH + Br (2) 
products (3) 

The relevance of these results to our present understanding of halogen chemistry in 
the MBL is discussed. 

OBSERVATIONS OF ALKYL IODIDES AND BROMIDES AT MACE 
HEAD: LINKS TO MACROALGAL EMISSION AND IO FORMATION 

L. I. Carpenter (1), W T. Sturges (1), P. S. Liss (1), S. A Penkett (1), B. Alicke (2), 
K. Hebestreit (2) and U. Platt (2) 
(1) School of Environmental Sciences, University of East Anglia, (2) Institute of 
Physics, University of Heidelberg 
l.carpenter@uea.ac.uk 

High frequency, in-situ GC-MS measurements of a range of biogenic short-lived 
alkyl halides in air including CHBr3, CHBr2CL CH3I, C2H5I, CHJCL CH2I2 and the 
hithero unreported CH2IBr were made at Mace Head during a 3 week period in May 
1997. Positive correlations were observed between CHBrj and CHBr2Cl, CHjI and 
C2HjI, and CHBrs and CH2IBr throughout the campaign, providing evidence for 
common or linked biogenic sources. During periods when air masses were 
impacted by emissions from local seaweed beds, the concentrations of CHBrj, 
CHiICl and CH2IBr not only showed remarkable correlation but also maximised at 
low tide. These are the first field observations to provide evidence for a link 
between the tidal cycle and iodocarbon production. The total flux of iodine into the 
surface layer at Mace Head, calculated using the measured alkyl iodide 
concentrations, was found to be dominated by photolytic destruction of CH2I2. 
Photolysis of CHjI contributed generally less than 5%. The peak iodine flux 
coincided with the highest levels of IO, measured by DOAS, during the campaign. 

Kinetics 1 >f i he heterogeneous reaction of HNO3 with NaCl: Effect of 

Water Vapour 

J.A DaviC' i*v 1-. A Cox 
Ccmro for ■* x. i-piicric Science , 
Depar.men: -:f '",i:r.'.:siry, University of Cambridge, 

Lei:»field R...«. i.'jvijridge. CB2 IEW.UK. 

Ab\tract 

We repot 1...:... ^>: ilie uptake of HNO3 on salt films and crystallite grains in a wall 
coai^' iuh ...r ! .-J reactor coupled to a quadmpole mass spectrometer. Uptake 
coc:Ticicn:- «-.• measured at room temperature with a range of partial pressures of 
HNO< anr I ''■ ir the flow tube, v vaues decreased with increasing HNO3 
concentrate"- 1 ■■<< '00 x 10!l molecule cm-3), and increased with H2O over the 
ranie Ü.0CC > / n.'-jir The results were interpreted in terms of a mechanism of the 
rsaciiin: 1:\'.- •■ viCHs! -» HCI + NaNOj which involves protonation of surface 
si: V-eJ •    ;■ J-.orbed HNOj molecules, followed by reaction with Cl" and 
dc ■ ii;-(ior molecules.   The results allow estimation of the reactive uptake 
avri'.-kn:       \'--t~* \ on sea salt aerosol under a variety of atmospheric conditions. 
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Modelling of low ozone measured at the West Coast of Ireland 
M.J. Evans1. K.S. Law1, D.E. Shallcross1, M. Bassford2, T.G. Spain2, 

P. Simmonds2, J.A.Pyle1 

1 Centre for Atmospheric Science. University of Cambridge. UK 
2 Department of Chemistry. University of Bristol. UK. 
mathew@atm.ch.cam.ac.uk Fax +44 1223 336362 

A boundary-layer measurement campaign was held on the West Coast of Ire- 
land during the summer of 1996 as part of the UK programme 'Atmospheric 
Chemistry Studies in the Oceanic Atmosphere' (ACSOE). Periods of low 
ozone concentrations (e.g. 8-14 ppbv) were observed during the campaign: 
The Cambridge Tropospheric Trajectory model of Chemistry And Transport 
(CiTTy CAT) has been used to investigate both meteorological and chemical 
explanations for these observations. Back trajectories show the meteorological 
importance of the Azores high during these low ozone periods. This may offer 
a simple transport and chemical explanation for the low ozone; tropical air 
may be advected northwards with in-situ ozone destruction by photolysis and 
reaction of 0('D) with water vapour. Measurement of high concentrations of 
methyl iodide at the site concurrent with these low ozone episodes suggests the 
possibility that a loss mechanism involving halogens may in part explain these 
observations. These two possible explanations are evaluated. 

FIRST DOAS MEASUREMENTS OF TROPOSPHERIC BRO AT 
MID LATITUDES: 
THE DEAD SEA VALLEY AS A NATURAL LABORATORY 

K. Hebestreit (1), J. Stutz (1), M. Luria (2), M. Peleg (2), V. Matveiv (2), 
D. Rozen (2) and U. Platt (1)   , 
(1) Institut für Umweltphysik, University of Heidelberg, INF 366, D-69120 
Heidelberg, Germany, (2) The Hebrew University Jerusalem, 91904 Israel. 
hb8uphysi.uphys.uni-heidelberg.de/Fax: [+49] 6221-54-6405 

In the mid 80"" sudden boundary layer ozone depletion events were discovered 
in arctic spring. The simultaneously high BrO concentration awoke the interest 
in the sources and chemistry of halogen oxides in the troposphere. Recently the 
influence of BrO, CIO. and 10 on the mid latitude boundary layer chemistry 
was examined. Since sea salt is suspected to be a source of halogens, most of 
the investigations have been concentrated on coastal clean air sites like Mace 
Head (Ireland). So far no BrO has been found at low and mid latitudes. 
In spring 1997 a campaign of the Hebrew University Jerusalem and the Univer- 
sity of Heidelberg was performed at the Dead Sea. By using DOAS (Differential 
Optical Absorption Spectroscopy) and some other different analytical systems 
BrO and a number of other species, i.e. S02, NO/NOj,, CO, 03 were mea- 
sured. During a period of 4 weeks we observed repeating patterns of BrO and 
O3. The daily variation of the concentrations showed high values of BrO corre- 
lated ozone depletion during late morning. The special morphological situation 
indicates the Dead Sea Valley to be a perfect outdoor laboratory to observe 
the influence of BrO on boundary layer ozone depletion. 

SPECTROSCOPIC AND KTNETICAL INVESTIGATION ON BRO APPLYING 
STATIC AND TIME RESOLVED RAPID SCAN FT-UV SPECTROSCOPY 

O. C. Fleischmann 1, J. Orphal 1, J. P. Burrows 1 
1 Institute of Environmental Physics, University of Bremen, FB 1, P.O. Box 33 04 40, 
D-28334 Bremen, Germany, e-mail: oliver@gome5.physik.uni-bremen.de 

We present results of photolysis experiments with gas mixtures of Br2 and 03 in a 
cooled flow cell. A flash photolysis setup was used to initiate homogeneous reactions 
at stratospheric temperatures. Reaction products as well as intermediate species were 
observed by UV absorption measurements. A recently developed Rapid Scan method 
was used to achieve time resolved spectra. Synchronizing the flash photolysis 
experiment to the FT scan mirror we observed the dynamical processes in the reactions 
between Br and 03, yielding information about reaction kinetics. In addition, the 
FT-UV spectrometer was employed in static mode in order to record high resolution 
spectra of BrO at temperatures down to 213 K. 

MECHANISTIC CONSIDERATIONS FOR TROPOSPHERIC HALOGEN 
ACTIVATION IN THE MARINE AEROSOL 

H. Herrmann (1,2), A Reese (1), F. Wicktor (1) undB. Ervens (1) 
(1): Institut für Physikalische und Theoretische Chemie, FB 8 
Universität GH Essen, Universitätsstr. 5, D-45117 Essen, Germany 
(2): Institut für Troposphärenforschung, Permoserstr. 15, D-Ö4303 Leipzig, 
Germany 

Results from laboratory and modelling studies of the formation and reactivity of 
aqueous phase free radicals which may be involved in the process of tropospheric 
halogen activation within the marine aerosol will be presented. Laser-based 
methods have been developed and applied for the generation and time-resolved 
detection of radical species. Modelling has been applied to discuss complications in 
the HOBr-based halogen activation process under low NOx-conditions. By reaction 
of HOBr with HO2/O2' in the aqueous aerosol, the non-radical halogen activation 
process may be accompanied by aqueous phase radical processes involving the 
bromine atom and the radical-anions BrCr, Brj'and Clj". 
Contributions of reactions of the above-mentioned free radicals to the overall 
chemical conversions in the tropospheric marine aerosol will be discussed by means 
of the recently developed chemical aqueous phase radical'mechanism (CAPRAM). 
This box model combines the well known gas phase RADM2 chemical mechanism 
with an extended set of aqueous phase chemical reactions taking into account 
numerous chemical reactions in the aqueous phase. An outlook on potential 
developments and open questions with regards to both modelling as well as future 
laboratory studies for understanding the marine aerosol halogen activation process 
will be given focussed on conversion processes in the aqueous phase. 

MECHANISM OF NO, UPTAKE BY SOLID NaCL 

M Yu. Gershenzon(l). N.G. Fedotov (1). S.D. Il'in(l). E.V Aparina (2). 
V.V. Zelenov (2). and YjLMjGerahenzpn (1.3) 
(1) Institute of Chemical Physics (I.C.P.) Russian Academy of Sciences (RAS). 
(2) Institute of Energy Problems of Chemical Physics RAS in Chemogolovka. 
(3) Center for Fundamental Research of Atmospheric Chemistry (I.C.P.) 
gershenzon@center.chph.ras.ru / Fax: 7-095-938-2156 

Chemical mechanism of N03 uptake on solid NaCl surfaces has been studied by 
means of matrix isolation/ESR (MESR) and mass-spectromeuy (MS) with 
variable level of electron impact ionization. The method of mobile rod covered 
bv NaCl was used to infer main features of N03 uptake chemistry on solid and 
humidified NaCl. Three types of covering have been tested: 1. spirit solution 
spray. 2. water solution spray. 3. rod immerging in concentrated water solution 
and slow drving in air 
Low [NO3i=(3*105-5*10" cm"3) were studied with the MESR technique while 
high [NO3]=(3-5)*1013 cm'3 were detected in MS studies In MS experiments Cl 
atom was the primarv product of heterogeneous reactions: (la) 
NOj+NaCi=Cl+NO; or (lb) N03+NaCl=l/2Cl:+NaN03. CIO and NO; formed in 
reaction (2) Cl+N03=C10+NO: were observed and the balance of N03 

consumed vs. NO; formed was established. At low [N03J reaction (2) is most 
probably suppressed by heterogeneous recombination of Cl atoms with liberation 
of C1-. In presence of H;0 vapor (-lC'cm'3) HC1 formation was observed. An 
attempt to explain the morning hydrocarbons' consumption, observed in Pacific 
Exploratory Mission has been done. 

REACTION RATE AND CHEMICAL MECHANISM FOR THE GAS PHASE 
REACTIONS OF Cl ATOMS WITH CHjICl AND CH2I2 

K. G. Kambanis, Y.G. Lazarou and P. Papagiannakopoulos 
Department of Chemistry, University of Crete, Heraklion 714 09, Crete, Greece 
panosp@talos.cc.uch.gr/Fax: +30 81 210951 

Iodinated compounds have been detected in the lower troposphere and in marine 
environments in the range of several ppt. They are mainly emitted by biogenic 
processes that occur in the marine boundary layer. Their tropospheric degradation 
mechanism is important in the understanding of the atmospheric chemistry of Iodine 
atoms. In general, iodinated compounds are very photolabile species and probably 
undergo efficient photodissociation in the troposphere. However, they may also react 
mainly with OH radicals, or probably with halogen atoms in marine environments 
where the concentration of halogenated species is high. This work studied the 
homogeneous reaction of Cl atoms with two iodomethanes of biogenic origin, 
CH2ICI and CH212 at very low pressures, by using the Very Low Pressure Reactor 
(VLPR) technique. The absolute rate constants at room temperature were greater 
than 1 x 10"" cm3 molecule"' s"1, suggesting that both reactions occur via the 
formation of an intermediate weak adduct between the incoming Cl atom and the 
iodine end of the molecule. Mass spectrometric analysis of the reaction products 
revealed the appearance of IC1 and HCI as final products, with no evidence of the I 
atom displacement reaction. 

■ 
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LOW TEMPERATURE FTIR-STUDIES AND AB-INITIO 
CALCULATIONS OF BrOBr and BrBrO 

Jennifer Kölm (1), Bengt Nelander (2), Otto Schrems m. Peter Beichert (1) 
(1) Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, FRG; 
(2) Chemical Center, University of Lund, Sweden; 
email: oschrems@awi-bremerhaven.de; Fax +49 471 4831425 

The reversible photoinitiated isomerization reaction of BrOBr to BrBrO was 
measured in solid argon matrices and calculated by multiconfigurational 
quasidegenerate perturbation theory (MCQDPT). The calculated vertical excitation 
energies are in good agreement with the experimentally observed excitation 
wavelengths. 

While the isomerization from BrOBr to BrBrO appears to be quantitative, some 
product loss is observed during the back reaction. The calculated excitation energies 
and oscillator strengths for transitions from the ground to excited states offer a 
detailed explanation of this behaviour. 

All three fundamentals of BrOBr and BrBrO could be observed. The previously 
unknown frequencies of the bending vibrations were located at 177.0 cm"1 for BrOBr 
and at 170.6 cm"1 for BrBrO. In addition the UV-speclrum of BrBrO has also been 
measured. 

UV-VISIBLE ABSORPTION CROSS-SECTIONS AND 
ATMOSPHERIC LIFETIMES OF CH2Br„ CH,I2 AND CH2BrI 

J.C. Mössinger. D.E. Shallcross and R.A. Cox 
Centre for Atmospheric Science, University of Cambridge, UK 
juliane@atm.ch.cam.ac.uk/Fax:+44-1223-336362 

The UV-visible absorption spectra of CH2Br2, CH2I2 and CH2BrI, which have 
been found in the troposphere, have been measured over the wavelength range 
215-390 nm using a dual beam diode array spectrometer. The spectra consist of 
broad continuous absorption bands. CH2Br2 exhibits its maximum cross-section of 
o- = 2.71(±0.16)xl0"" cm2molecule"' at X = 219 nm. The magnitude of the peak 
cross-sections for the iodine containing molecules are <s = 1.62(±0.10)xl0"18 

cm2molecule''at X = 248 nmanda = 3.78(±0.23)xl0'"cm2molecule"' at X = 288 
nm for CH2I2, and o = 5.67(±0.34)xl0'" cm2molecule'' at X = 215 nm and a - 
2.34C±0.14)xlO"18 cm2molecule"' at X = 267 nm for CH2BrI. The temperature 
dependence of the absorption cross-sections was investigated over the temperature 
range 348 K to 250 K. A decline in the cross-sections with decreasing 
temperature was observed in the tail of the spectra. At the peaks the opposite 
effect was observed. The photolysis rates of CH2Br2. CH2I2 and CH2BrI were 
calculated as a function of altitude and solar zenith angle using the measured 
cross-sections. Model calculations show that during sunlit hours CH2I2 and 
CH2Brl will be photolysed within minutes and hours respectively. The reaction 
with the OH radical was found to be the dominant loss process for CH2Br2. 

THEORETICAL AB-INITIO CALCULATIONS OF THE STRUCTURE AND 
STABILITY OF HALOGEN ATOMS ADDUCTS WITH ALKYL HALIDES 

YG. Lazarou. K. G. Kambanis, and P. Papagiannakopoulos 
Department of Chemistry, University of Crete, Heraklion 714 09, Crete, Greece 
lazaroii@talos.cc.uch.gr/Fax:+30 81 210951 

There is growing experimental evidence that the reactions of alky] halides with 
electrophilic groups, such as F and Cl atoms, occur via the formation of an 
intermediate adduct between the incoming group and the electron-rich site of the 
halide molecule. The present work has performed systematic theoretical calculations 
in order to elucidate the relation between structure and stability in a series of the 
adducts between F and Cl atoms (X1) and several substituted bromo- and iodo- 
methanes (RX). The ab-initio calculations were performed at the MP2/3- 
21++G(2d,2p) level of theory for all species, and were repeated at the MP2/6- 
31++G(2d,2p) level for the adducts of bromomethanes. The structure of these 
adducts was generally characterized by very close R-XOC angles (ca. 80 degrees) 
and minor perturbation of the structural parameters of parent halide molecule. The 
depth of potential well of the RX-X' interaction was found to depend upon the 
relative electronegativities of the two halogen atoms X and X', and was deeper for 
the RI-F adducts (ca. 100 kJ mol"1), while the degree of halogen atom substitution on 
the carbon atom was found to decrease the potential well. Vibrational frequencies of 
all species were calculated and the corresponding reaction enthalpies and the X-X' 
bond strengths of the adducts at 0 K and 298.15 K were also derived. 

THE Cl ATOM OXIDATION OF ISOPRENE STUDIED IN THE 
LABORATORY 

A. Notario (1), Y. Bedjanian (2), A. Mellouki (2) G. Laverdet and G. 
Le Bras (2) 
(1) Universidad de Castilla-La Mancha, 13071-Ciudad Real, Spain (2) 
LCSR/CNRS Orleans France. mellouki@cnrs-orleans.fr/Fax: 33-238 
25 7905 

The reaction of Cl atom initiated oxidation of isoprene 
(CH2=C(CH,)-CH=CH2 or CjH8) is of potential importance in the 
marine atmosphere, where both Cl atoms and isoprene can be 
simultaneously present. The chlorinated oxidation products from this 
natural source may influence the tropospheric budget of chlorinated 
species. In relation to this issue, the kinetics and mechanism of the Cl + 
isoprene reaction has been investigated. The rate constant of this 
reaction has been determined as function of temperature and pressure 
using two complementary methods: discharge flow-mass spectrometric 
and laser photolysis-resonance fluorescence. The main value obtained 
at 298 K is k(CI + isoprene) = (3.5 ± 0.1) x 10"'° cm3 molecule"1 s"1. 
Besides, the discharge flow study showed evidence for two channels: 
addition of Cl atom and HCI elimination. The HCI yield was measured 
as function of temperature and found to be 0.17 ± 0.02 at 298 K. The 
atmospheric implication of these data will be discussed. 

TROPOSPHERIC OZONE DEPLETION AND RELATED HALO- 
GEN CHEMISTRY AT POLAR REGIONS 

E. Lehrer (1), G. König-Langlö (2), U. Langendorfer (1), A. Minikin (2), M. 
Tuckermann (1), W. Unold (1), D. Wagenbach (1) and U. Platt (1) 
(1) Institut für Umweltphysik, INF 366,69120 Heidelberg, Germany, (2) Alfred- 
Wegener-Institut.Postfach 120161, 27515 Bremerhaven, Germany. 

Since one decade the phenomenon of tropospheric ozone depletion during spring 
has been reported from several Arctic stations and recently also from Neumayer, 
the German overwintering station in Antarcica. Simultaneously to tropospheric 
ozone loss enhanced levels of BrO (measured by DOAS) and f-Br (non sea salt 
bromine collected on cellulose filters) could be observed. While the mechanism 
of ozone depletion seems to be caused by a chemical reaction cycle including 
free halogen radicals and halogen oxides, the source Of these reactive halogen 
species is still unclear. 
In our presentation we will summarise our continous ozone, DOAS and aerosol 
filter measurements of two field campaigns in the framework of the EU project 
ARCTOC during spring '95 and '96 at Spitsbergen/Arctic. We will give an 
interpretation of the coupling between observed ozone and halogen species (i.e. 
BrO and f-Br), which is consistent with the proposed autocatalytical recycling 
of reactive halogen species. 
With the help of ozone and halogen data from the Neumayer station a compar- 
ison of tropospheric ozone loss at the polar regions of both hemispheres will be 
presented. Special focus will be put on the differences in seasonally, temporal 
extension and frequency of the phenomenon. 

FORMATION OF HALOGENS FROM THE HETEROGENEOUS 
REACTION OF SEA SALT 

K. W. Oum. M. J. Lakin, D.O.DeHaan, T. Brauers, J. Stutz, B. J. Finlayson- 
Pitts 
Dept. of Chemistry, University of California, Irvine, CA 92697, USA 
koum@uci.edu; mlakin@uci,.edu; bjfinlay@uci.edu / Fax : + 1-714-824-3168 

The heterogeneous reactions of the sea salt particles with gases have been 
recognized as important sources for halogens in the troposphere in the marine 
boundary region as well as in the Arctic. A newly constructed aerosol chamber 
is equipped with long-path (150 m) Fourier-transform infrared (FT1R), 
differential optical absorption spectroscopy (DOAS), and atmospheric pressure 
ionization mass spectrometry (API-MS). Recently, studies on reactions of sea 
salt with O3 have shown the formation of CI2 from the photolysis of O3 in the 
presence of sea salt particles above their deliquescence point at room 
temperature, implying a potential source for Cl atoms in the tropospheric marine 
boundary layer. However, the formation of Br2 dominated in the reaction of sea 
water ice with O3 in the dark. This may be the potential source for Br atoms 
initiating the ozone depletion in Arctic during polar sunrise. Reaction 
mechanisms for generation of CI2 and Br2 will be discussed. Studies on sea salt 
particles with oxides of nitrogen such as NO2, N2O5, HNO3 and CIONO2 will 
be also presented. 
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A NOVEL APPROACH TO DERIVE INTEGRATED HALOGEN 
ATOM CONCENTRATIONS FROM CHANGES IN VOC PAT- 
TERN DURING TROPOSPHERIC OZONE DEPLETIONS 

B. Hamacher (1), R. Koppmann (1) and J. Rudolph (2) 
(1) Inst. ft Atmos. Chem. (ICG-3), Forschungszentrum Jülich, (2) York Uni- 
versity, Ontario, Canada. 
B.Ramacher«fz-juelich.de/Fax: [49] 2461 61 5346 

Tropospheric ozone depletions have been observed in the arctic for more than 
15 years. These are caused by significant concentrations of bromine and chlo- 
rine atoms. Yet, no direct measurement technique for quantifying the amounts 
of free halogen atoms in ozone depleted air masses is available. However, the 
chlorine and bromine concentrations can be estimated from changes in hy- 
drocarbon pattern. This method depends crucially on the estimate of initial 
hydrocarbon mixing ratios, which have been in the air mass before chlorine 
and bromine where injected. During spring the arctic troposphere is assumed 
to be well mixed. Thus, the initial mixing ratios should be similar to the mixing 
ratios in air masses with typical ozone levels (30-40 ppb). Since ozone depleted 
air masses are always isolated from the background atmosphere by inversions, 
it should be examined how reliable those estimates of initial mixing ratios are. 
Changes in the pattern of selected organic trace gases determined during the 
ARCTOC 96 experiment at Ny Alesund, Spitsbergen, have been investigated 
for chemical processing and mixing. The results confirm the assumption of an 
initially well-mixed spring arctic troposphere. The integrated halogen atom 
concentrations derived in this study agree well with earlier estimates. 

MODELING THE CHEMISTRY OF OZONE AND HALOGEN 
COMPOUNDS IN THE MARINE BOUNDARY LAYER 
Rolf Sand«. Roland von Glasow and Paul J. Ciuteen (Aii Chemistry Divi- 
«ion, Ms^-Pl&nck Institut» for Chemistry, Postfach 3060, S5020 Mains, Ger- 
many, email: sanderfflmpch-malnz.mpg.de, glasowampeh-mainz.mpg.de and 
air®mpeh-mainz.mpg.de) 
Rainer Vogt (Ford Forschungszentrum Aachen, Dennewartstr. 25, 32088 
Aachen, Germany, email: rvogt@ford.eom) 
The box model 'MOCCA' (Xodel 0_f Chemistry Considering Aerosols) has 
been developed to study the tropospheric chemistry in the marine boundary 
layer (mbl). The chemical mechanism considers gas-phase reactions as well as 
aqueous-phase reactions in sulfife and sea-salt aerosol particles. Photochemi- 
cal reactions are switched on during daytime, Their rates vary accordinj to the 
solar declination. Apart from the standard tropospheric HO«, CH*. and NO, 
chemistry, the chemical reaction mechanism includes sulfur, chlorine, bromine, 
and iodine compounds. Model results were published for the polluted mbl 
(/ Geophys. Res. X01D, 9121-9138,1996) as well as for the remote mbl {Nature 
382, 32T-330,1996). 
Current model development focusses on four aspects: 1) The effect of aerosol 
acidity on aqueous-phase chemistry; 2) Analysis of the marine iodine chemistry; 
3) Explicit calculation of aerosol chemistry as a function of aerosol size; and 
4) The effect of cloud processing on aerosol chemistry. Latest results will be 
presented. 

GOME    MEASUREMENTS    OF    TROPOSPHERIC    BRO    IN 
NORTHERN HEMISPHERIC SPRING 

A. Richter, F. Wittrock and J. P. Burrows 
Institute of Environmental Physics, University of Bremen, Kufsteiner StraBe, 
D-28359 Bremen, Germany. 
richtereiup.physik.uni-bremen.de/Fax: [49] 421-218-4555 

Periods with enhanced tropospheric BrO concentrations have been reported by 
several groups both for the Arctic and Antarctic spring. These episodes are of- 
ten correlated with decreasing tropospheric ozone concentrations and therefore 
an indication of bromine catalysed tropospheric ozone destruction! 
In this study, measurements of the satellite instrument GOME have been eval- 
uated for absorptions by tropospheric BrO. These data give for the first time 
a global view of the phenomenon. Both the geographical extension and the 
temporal evolution of the tropospheric BrO events will be discussed for the 
first half of 1997. The global coverage of the GOME instrument also allows a 
rough estimate of the contribution to the tropospheric bromine loading in the 
northern hemisphere. 

MULTIPHASE PHASE CHEMISTRY OF XN02 AND HOBR IN 
RELATION TO TROPOSHERIC HALOGEN ACTIVATION 

F. Schweitzer, Ch. George and Ph. Mirabel (Equipe de Physico- 
chimie de 1'Atmosphere - CNRS, 28 rue Goethe F-67083 Strasbourg.) 

Halogen activation has been observed in the marine boundary layer 
(MBL) both inpolluted and remote locations. The reactions, that are 
thought to be essential for maintaining large amount of 
photochemically active species in the gas phase, are : 

HOBr + Y'-> products 
XNO: + Y"-> products 

where Y" represents Cl", Br" or I". In order to get a throughout 
understanding of the rapid loss of surface ozone in the MBL, it is 
therefore necessary to investigated the kinetics of these reactions and 
to identify the potential products. 
We performed such a study using the droplet train and wetted-wall 
techniques, coupled to infrared and mass detection facilities. Current 
results describing the effect of temperature, aqueous phase 
composition on the uptake rates will be presented. 

THE UV ABSORPTION CROSS-SECTION AND ATMOSPHERIC 
PHOTOLYSIS RATE OF HOI 

D. M. Rowlcv. J. Mossingcr and R.A. Cox 
Centre for Atmospheric Science. University of Cambridge 
Email: rowley'a aim.ch.cam.ac.uk/ Fax: +44 1223 336362 

Gas phase hypohalous acids, HOX (X = Cl. Br. I) act as temporary halogen 
reservoir species throughout the atmosphere. HOX species arc formed in the gas 
phase reaction of the halogen monoxide (XO) species with HO:. Subsequent 
photolysis of HOX to yield OH + X can lead to completion of a catalytic cycle for 
ozone destruction. A recent modelling study has shown thai HOI is the main iodine 
containing species in the troposphere. 
In this work, we have measured the UV-visiblc absorption cross-sections of HOI. in 
order to determine its lifetime with respcel lo solar photolysis in the atmosphere. 
HOI was prepared in a flash photolysis apparatus using the gas phase reaction of 
OH radicals with K The UV spectrum of HOI was recorded using a CCD detector 
and calibrated by measuring consumption of I;. The absorption cross-section of 
HOI was used lo calculate the solar photolysis rale of HOI in the troposphere. 

HETEROGENEOUS REACTIONS OF HALOGEN CONTAINING 
TRACE GASES ON NAC1 AND KBr SALT 

SJkisel F- Caloz, F.F. Fenter, A. Aguzzi, M. Mochida and M.J. Rossi 
(EPFL, LPAS, CH-1015 Lausanne, Switzerland) 
sabine.seisel@dgr.epfl.ch 

Heterogeneous reactions of bromine containing atmospheric trace 
gases on sea-salt aerosols are assumed to be responsible for the sunrise 
chemistry leading to significant tropospheric ozone depletion in the 
Arctic. We studied the heterogeneous reactions of XNO2, XONO2 and 
HOX (X = Cl, Br) on NaCl and KBr salt using a Knudsen, reactor 
equipped with mass spectrometry and laser induced fluorescence 
detection. 
Uptake coefficients involving Br-containing compounds are found to 
be higher than the corresponding Cl-containing reactions. As products 
we observed Br2, BrCl and CI2 depending on the gas and solid phase. 
We will present the kinetics and mechanism of these reactions. By 
using salt samples of well-defined total external surface and applying 
a pore diffusion model to the obtained uptake rates we consider 
diffusion of the gas into the bulk of the salt sample and thus determine 
true uptake coefficients Yo- Furthermore we will discuss the role of 
water absorbed on the salt surfaces. In order to expand our data to 
more realistic surfaces we also present some results using synthetic 
sea-salt samples. 

I 
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STUDY OF IODINE OXIDES AND IODINE OZONE CHEMISTRY USING 
FLASH PHOTOLYSIS AND TIME RESOLVED ABSORPTION 
SPECTROSCOPY 

Peter Spietz 1, Stefan Himmelmann 1, Uldis Gross 2, Johannes Orphal Uohn P. 
Burrows 1 
1: Institute of Environmental Physics, University of Bremen, PO Box 330440,28334 
Bremen, Germany, e-mail:  spietz@gome5.physik.uni-bremen.de, fax: 
+49-421-218-4555 
2: Institute of Atomic Physics and Spectroscopy, University of Latvia. Raina Blvd. 19. 
Riga, LV-1586, Latvia, e-mail: fkgross@inka.cs.llu.lv, fax: 371-7820113 

Based upon observations of IO and OIO absorption spectra reported earlier 
(Himmelmann et a!. 1996) the gas phase reactions of the 1+03 system following the 
photol yzation of 12 in the presence of 03, 02 and N2 were investigated. The 
experiment comprised of a flash photolysis set-up and two time resolved absorption 
spectroscopy systems using a photomultiplier tube PMT and a photodiode array PDA. 
The measurements were performed at room temperature 293,7 K and at pressures 
ranging from approximately 10 to 50 mbar. In addition to the absorption spectra of 
03,12,10 and OIO four new absorbers could be observed, one of those having been 
reported earlier by Sander (Sander 1986). For two of theses absorbers it was possible 
to record qualitative absorption spectra yet without absolute scaling of the absorption 
cross section axis=2E Using the monitored temporal behaviour of the main 
components 03,12,10 and OIO, estimates for the cross sections sIO and sOlO and for 
the rate constants of the first reactions following the production of 10 were 
determined. This work was partially funded by the German Space Agency DARA 
(contract 50EP9207), the Commission of the European Community (contract 
EV5V-CT93-0338), and the University and the State of Bremen. 

THE CHEMISTRY OF IODINE IN THE MARINE BOUNDARY 
LAYER 

Rainer Vost. (1). Rolf Sander and Paul J. Crutzen (2) 
(1) Ford Forschungszentrum Aachen, Dennewartstr. 25, 52068 
Aachen, Germany: email: rvogfSiford.com/ Fax: +49 241 9421 301, 
(2) Max-Planck-Institute for Chemistry, Air Chemistry Devision, 
P.O.Box 3060. D-55020 Mainz, Germany; Fax: +49 6131 305 436 

Measurement of organic iodine compounds indicate that species, such 
as CH2Ii and C3H7I. might have a much larger source strength than 
CH3I, the only organic iodine compound which is commonly 
accounted for. in the global iodine budget. Organic iodine compounds 
are formed in biogenic processes of certain macroalgae and 
phytoplankton. Because of the supersaturation of the surface water 
these compounds evaporate and can be detected in the marine air. 

We have incorporated such compounds, together with the latest 
photolysis rate data, into our photochemical box model. Partitioning of 
iodine between the gaseous and paniculate phase is calculated and the 
impact on the ozone budget in the remote marine boundary layer is 
investigated. 

EMISSION OF REACTIVE ORGANOCHLORINES AND 
ORGANOBROMINES FROM COASTAL MACROPHYTES 

W.T. Sturges. J.M. Baker, J. Sugier, G. Sunnenberg, L. Carpenter, A. Lovett, 
S.A. Penkett 
School of Environmental Sciences, University of East Anglia 
w.sturges@uea.ac.uk/Fax: +44-1603-452420 

A number of macrophytes from the Norfolk coast were incubated in the 
laboratory and emissions of volatile organohalogens determined. A large 
number of chlorinated, brominated and iodinated organics were detected. 
Attention here is focused on the chlorinated compounds and their potential 
contribution to atmospheric levels. A GIS analysis was used to determine 
gridded global coastal zone areas. Combining emission rates (including 
previously published data), with coastal area, average biomass loadings, and 
latitudinally-weighting primary productivity, yields annual emission rates by 
latitude. Globally integrated emissions amounted to 4 tonnes Cl per year 
from CHC1], 0.5 tonnes Cl per year CH3CI, and just 0.01 tonnes per year 
CH2CI2. For CHCI3 and CH3C1 these concentrations are comparable with 
industrial emissions, but fall far short of total global emissions. Local levels 
in coastal regions may, however, be significant. The impact of 
organobromine emissions are also assessed. 

GOME OBSERVATION OF ENHANCED TROPOSPHERIC BRO 
CONCENTRATION IN THE POLAR SPRING 

T. Wagner, K. Pfeilsticker and U. Platt 
Institut für Umweltphysik, University of Heidelberg, INF 366, 69120 Heidel- 
berg, Germany. 
wat8uphysl.uphys.uni-heidelberg.de/Fax: [+49] 6221-54-6405 
Since about a decade now the phenomenon of complete ozone depletion in 
the Arctic boundary layer is known, it was recently also found in Antarctica. 
While during the last years it was shown that these O3 loss events are caused 
by BrO-catalysed O3 destruction the origin of the high BrO concentrations 
remained unclear. Here we present the first satellite measurements of enhanced 
tropospheric BrO columns in the Arctic and Antarctic spring. The observed 
tropospheric BrO vertical column densities are up to 5 • 1013 molec/cm2 on 
t'sp of a stratospheric column of about 2.5 ■ 1013 molec/cm2. Thus the derived 
tropospheric mixing ratios of about 35 ppt (if a layer thickness of 1 km is 
assumed) are in good agreement with ground based observations. From satellite 
observations it is possible to study directly the spatial and temporal evolution of 
airmasses with enhanced tropospheric BrO concentrations. We present several 
case studies of enhanced tropospheric BrO. For all of these observations the 
BrO concentrations stay elevated for about 1 - 3 days thus supporting the 
theory involving autocatalytic Br release, probably from sea salt deposits on 
the sea ice. 

CHEMISTRY OF HALOGEN OXIDES IN THE TROPOSPHERE: 
COMPARISON OF MODEL CALCULATIONS WITH RECENT 
FIELD DATA 

J. Stutz, K. Hebestreit, B. Alicke and U. Platt 
Institute für Umweltphysik, Im Neuenheimer Feld 366.D-69120 Heidelberg. 
stu8uphysl.uphys.uni-heidelberg.de/Fax: [49] 6221 54 6405 

The discovery of sudden boundary layer ozone depletion events in the arctic 
spring and the simultaneously elevated bromine concentrations raised the inter- 
est in the sources and the chemistry of halogens in the troposphere. While the 
identification of BrO by differential optical absorption spectroscopy (DOAS) 
confirmed the catalytic processes responsible for the destruction of ozone by 
BrO and possibly also CIO and 10, the circumstances leading to the forma- 
tion of the halogen oxides in these environments remain unclear. Recent DOAS 
measurements have found elevated BrO and 10 levels at the Dead Sea. Israel 
and at Mace Head, Ireland respectively, showing that tropospheric halogen lib- 
eration also occurs at mid latitudes. 
Model calculations describing the tropospheric halogen chemistry in the arctic 
and at mid latitudes are presented. The calculations aim to improve the under- 
standing of the multiphase chemical processes leading to the formation of BrO 
and 10 in the different environments. The influence of the measured halogen 
oxide concentrations on ozone is also discussed. 

DOAS UV/VISIBLE MEASUREMENTS AT NY-ALESUND 1995- 
1997: RETRIEVAL OF TROPOSPHERIC CONSTITUENTS 
F. Wittrock, A. Richter and J.P. Burrows 
Institute of Environmental Physics, University of Bremen, Kufsteiner Straße. 
D-28359 Bremen, Germany. 
folkard8iup.physik.uni-bremen.de/Fax: [49] 421 218 4555 

Measurements and modeling studies strongly suggest that depletion of ozone 
in the Arctic boundary layer is due to catalytic destruction by halogenous 
cycles. In this study three years of observations of BrO, OC10, and 10 by 
means of zenith sky differential optical absorption spectroscopy are presented. 
These measurements are complemented by comparison with observations by 
the satellite instrument GOME onboard ERS-2. 
High tropospheric amounts of BrO could be observed from the middle of March 
to the beginning of June every year. They are always correlated with low 
amounts of boundary-layer ozone. From the data BrO concentrations of up 
to 40 ppt in the lower troposphere are derived. Further, in a few cases signifi- 
cant levels of OC10 and possibly 10 could be observed. Upper limits of 15 ppt 
(OCIO) and 10 ppt (10) in the boundary-layer could be estimated. This is the 
first hint, that 10 is present in the atmosphere in considerable amounts. 
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OBSERVATIONS     AND     MODELLING     STUDIES  OF 
IODINE SPECIES IN THE MARINE BOUNDARY LAYER 

REACTIVE 

G.McFiggans(l), B.Allan(l), H.Coc(2), J.M.C.Plane(l), L.Carpcntcr(l), 
C.D.O'Dowd(3) and W.O.Sturges(l) 
(l)School of Environmental Sciences. University of East Anglia, Norwich 
(2)now at Atmospheric Research Group, Physics Dept., UMIST, Manchester 
(3)CMAS, School of the Environment, University of Sunderland, 
g.mcfiggans@uea.ac.uk 

Following field studies of the Iodine Oxide Radical (10) during three measurement 
campaigns in the Northern Hemisphere, extensive modelling studies were made to 
investigate the sources, sinks and potential impact of reactive iodine in the marine 
boundary layer. It has been hypothesised that 10 may be involved in autocatalytic 
cycles which have a significant effect on the depletion of tropospheric ozone and 
are responsible for modulation of the N02/NO and HQ./OH ratios. Following 
measurements of the organic iodine precursors and of aerosol size distributions, it 
has been possible to model the sources and sinks of inorganic iodine and hence to 
infer the heterogeneous chemical behaviour of inorganic iodine species required to 
produce the observed levels of 10. The importance of reactive iodine species in the 
destruction of tropospheric ozone has also been assessed. DOAS measurements of 
10 during the three measurement campaigns will be presented along with the 
modelling results. 

BROMINE RADICALS AND 
PHOTOLYSABLE HALOGEN COMPOUNDS DURING POLAR 
SUNRISE AT ALERT, CANADA 

CM. Mihele (1), G.Impey (1), L. Barrie (1,2), K Anlauf (2), P. B. Shep- 
son (1,3) and D. R. Hastie (1) 
(1)   Centre  for  Atmospheric  Chemistry,  York  university,  Toronto,  On- 
tario,Canada,   (2)   Atmospheric   Environment   Service,   Toronto,   Ontario, 
Canada, (3) Departments of Chemistry and Earth and Atmospheric Science, 
Purdue University, West Lafayette Indiana, USA. 
HastieCYorkU.CA/Fax: [416] 736 5411 

Two instruments were used to measure halogen species at Alert NWT Canada, 
during the spring of 1997. A modified radical amplifier measured the bromine 
radical (Br, BrO) concentrations and an updated photolysable halogen detector 
(PHD) measured the compounds capable of producing halogen radicals. This 
detector can now distinguish between species on the basis of their photolytic 
lifetime, in this case it was configured for HOX and Xj. Two ozone depletion 
events were studied. Higher bromine radical and photolysable halogen concen- 
trations were observed as the atmosphere returned from an ozone depletion 
event to normal conditions. The dominant photolysable species was identified 
as HOX, particularly for X=Br. 

0A19 Free-radicals    in    the 
(co-sponsored by ST) 

Convener: Dorn, H.-P. 
Co-Convener: Volz-Thomas, A. 

troposphere       STUDIES OF THE NITRATE RADICAL IN THE TROPOSPHERE 

B. J. Allan (I). H. Coe(2). G. McFiggans (1), J.M.C. Plane (1) 
(1) School of Environmental Sciences, University of East Anglia, Norwich, 
U.K., (2) Department of Physics, UMIST, Manchester, U.K. 
b.allan@.uea.ac.uk 

The technique of differential optical absorption spectroscopy (DOAS) has 
been used to study the nitrate radical (N03) in several major field campaigns 
in the marine boundary layer (MBL). Concentrations as high as 10 ppt have 
been observed in clean marine air. An extensive set of ancillary 
measurements acquired during these campaigns allows nearly complete 
closure to be obtained on the loss processes of N03 in the MBL. A second 
zenith pointing DOAS instrument has also been deployed at the same sites in 
order to retrieve the column abundance of NOj throughout the troposphere 

during sunrise. By combining data from both instruments the column 
abundance of N03 in the free troposphere has been estimated and found to be 
very variable, ranging from 2 x 10" to 5 x 1014 molecule cm"2. Under 
favourable circumstances, the vertical profile of N03 up to the lower 
stratosphere can also be retrieved by this technique. 

SIMULTANOUS DOAS-MEASUREMENTS OF HONO AND ITS 
PRECURSORS IN A TRAFFIC TUNNEL 

R. Ackermann (1), A. Geyer (1), J. Stutz (1), J. Loerzer (2), R. Kurten- 
bach (2), K.-H. Becker (2) and U. Platt (1) 
(1) Institut für Umweltphysik, University of Heidelberg, INF 366, 69120 
Heidelberg, Germany, (2) Physikalische Chemie, Bergische Universität - 
Gesamthochschule Wuppertal, Gaußstraße 20, 42097 Wuppertal, Germany. 
acauphysl.uphys.uni-heidelberg.de/Fax: [+49] 6221-54-6405 

Nitrous acid (HONO) plays an important role in photochemical air pollution 
through its photodissociation by solar UV radiation into hydroxyl radicals (OH 
+ NO), thus promoting atmospherical photochemistry. Therefore the produc- 
tion of O3 and other secondary pollutants should be enhanced by the formation 
of HONO. In the early morning photolysis of HONO leads to OH production 
rates up to some 107 OH radicals cm"3 s~l. Simultanous measurements of 
HONO and N02 using a multi reflection DOAS system and NO by in-situ ana- 
lyzer were performed in a heavily used traffic tunnel. Additionally the ambient 
concentrations of HONO, N02 and NO were measured outside the tunnel. The 
HONO concentration in relation to the traffic density can be used to estimate 
the amount of primary HONO emission. Furthermore the heterogenous forma- 
tion of HONO from NO* on the walls of the tunnel can be investigated at 
times of low traffic densities. The emission of HONO from the tunnel into the 
urban atmosphere is estimated and discussed in the light of its potential as a 
photochemical OH source. 

ROLE OF PEROXY RADICALS IN THE FORMATION OF TRO- 
POSPHERIC OZONE IN BREMEN 

M.D. Andres Hernandez, J.Burkert, M.Gerhard, L.Reichert, D. Stöbener 
and J.P.Burrows 
Institut für Umweltphysik, Universität Bremen, Postfach 330440, D-28334 Bre- 
men, -Germany-. 
lola8gome5.physik.uni-bremen.de/Fax: [49] 421 218 4555 

The role of peroxy radicals (HO2 + £ (RÖ2)) in the photochemical cycles of 
the troposphere is recognized to be of major significance for the composition of 
the troposphere, the latter impacting on local pollution events and potentialy 
on the climate. H02 and RO2 have singled out as being of special importance 
in the formation of tropospheric 03 . The chemical amplification (CA) is the 
technique which has been used to measure total peroxy radicals (ROi = OH+ 
H02 + RO+ R02 ).The CA is based on the conversion of peroxy radicals 
into NO2 by addition of NO and CO, and NO2 ulterior measurement via its 
chemiluminiscent reaction with luminol. The detection limit is estimated to be 
3-5 ppt ROz depending of atmospheric conditions. During episodes of elevated 
boundary layer O3 concentrations, observed in Bremen between 1995 and 1997, 
measurements of RO*, coupled with NO, N02, CO, 03, UV-A, UV-B, meteo- 
rological parameters and recently PAN (peroxyacetyl nitrate) were performed. 
These data have been analysed using empirical approaches and a simple at- 
mospheric model. The results and their significance for our understanding of 
tropospheric chemistry in the boundary layer will be discussed . 

I 
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TESTS AND EVALUATION OF AN ION ASSISTED MASS SPECTRO- 
METRIC TECHNIQUE FOR LONG-TERM MONITORING OF ATMO- 
SPHERIC OH-RADICALS 

H. Berresheim (1), T. Eiste (1), R. Weiner (1), C. Plass-Diilmer (I), F.L. Eisele (2.3): 

and D.J. Tanner (2) 
(1) German Meteorological Service, Meteorological Observatory Hohenpeissenberg. 
Germany, (2) National Center for Atmospheric Research, Boulder, USA, (3) EOEML, 
Georgia Institute of Technology, Atlanta, USA 
e-mail: harald@mohp.dwd.d400.de/Fax: +49-8805-920046 

Atmospheric OH-radicals are measured with an improved ion assisted mass spectro- 
metric technique based on OH titration with SO, and conversion to HS04' ions at 
atmospheric pressure. The present system was developed for both mobile and 
stationary measurements of OH as well as gaseous sulfuric and methane sulfonic acids 
with detection limits in the low 105 cm"! range. In future applications the system will be 
mainly used for long-term monitoring of OH and sulfuric acid at the 
Hohenpeissenberg observatory in conjunction with a large set of atmospheric trace gas. 
aerosol, and meteorological measurements. Details of the system are presented, results 
obtained from calibration checks based on photolysis of ambient H,0 are discussed, 
and various tests for possible interferents (e.g., reactant impurities), ambient air 
pollution (NO,), and wind turbulence effects are evaluated for possible error 
contributions. First measurements in ambient air indicate a good correlation between 
daytime OH signals and global radiation flux. Further tests, parallel ozone photolysis 
measurements, and a field intercomparison with the Juelich DOAS and LIF techniques 
are planned for the near future. 

PEROXY RADICAL INITIATIVE FOR MEASUREMENTS IN THE 
ENVIRONMENT (PRIME): A NEW EU PROJECT 

K.C. Clemitshaw (I), J. Sugier (1), M.E. Jenkin (2), D.E. Heard (3), M.J. Pilling 
(3), J.P. Burrows (4), D.J. Mihelcic (5). G. Laverdet (6) and J. Hjorth (7) 
ICCET, London. UK. (2) AEA Technology, UK, (3) Univ. Leeds, UK. (4) IUP, 
Bremen. DE, (5) FZ. Juelich. DE. (6) CNRS, Orleans, FR. (7) JRC, Ispra. IT 
K.CIemitshaw@ic.ac.uk/Fax: +44-1344-294339 

PRIME aims to develop improved instrumentation for measurements of HO, and 
RO, radicals in the troposphere using the Chemical Amplification (CA) and 
Fluorescence Assay by Gas Expansion (FAGE) techniques. The improvements will 
address the specificity, sensitivity, accuracy and precision of the measurements. 
Novel CA and FAGE inlet systems will be constructed. Better characterised and 
new calibration sources for OH, HO,, CH-O, and CH;.C(0)0, radicals will be 
developed. Numerical models incorporating gas-phase and heterogeneous chemical 
reactions and physical fluid dynamical processes will be applied to aid the design 
and characterisation of the inlet systems and calibration sources. The improved 
instrumentation will be evaluated in a field measurement study in the summer of 
1999 at the Silwood Park Atmospheric Research Station, near London. The field 
study is designed to compare ambient measurements of peroxy radicals using CA 
and FAGE under challenging sub-urban conditions. A deeper understanding of the 
sources and sinks of peroxy radicals will also be gained through the application and 
validation of the MCM/PTM model of tropospheric photochemistry and transport. 

MODELLING RADICAL CHEMISTRY IN THE MARINE BOUNDARY LAYER 

N. Carslaw. P.J. Jacobs, and M.J. Pilling 
School of Chemistry, University of Leeds, Leeds, LS2 9JT, UK 
nico|as@chem.leeds.ac.uk, Fax +44-113-233-6565 

The hydroxyl (OH) radical has long been recognised as the most important 
oxidising species in the earth's troposphere, and is largely responsible for the 
removal of many man-made and natural trace gases. In recent years, there have 
been several field studies where the concentration of OH has been determined in 
the atmosphere, and modelling studies have complemented these measurements. In 
general, the models have tended to over estimate the OH concentration. In this 
paper we discuss two campaigns that have been recently held at Mace Head on the 
west coast of Ireland, as part of the ACSOE EASE96 and EASE97 campaigns. The 
Mace Head site is typically subject to very clean air when the flow is from the west. 
However, dirty air masses are also experienced that have often passed over 
mainland Europe or the UK before reaching Mace Head. These varying conditions 
give us an excellent chance to thoroughly test models of atmospheric chemistry. 
During these campaigns, the concentration of OH and H02 were determined by 
Fluorescence Assay by Gas Expansion (FAGE) and the concentration of the sum of 
peroxy radicals by chemical amplification. A box model has been constructed to 
predict the concentrations of these radicals, and these predictions are compared to 
those measured in the atmosphere.   We also present a detailed analysis of the most 
important reactions in the remote marine boundary layer. 

CHEMICAL PROCESSES AFFECTING THE GLOBAL DISTRI- 
BUTION OF OH IN A TROPOSPHERIC LAGRANGIAN CHEM- 
ISTRY MODEL. 

W.J. Collins, D.S. Stevenson, C.E. Johnson and R.G. Derwent 
Meteorological Office, Bracknell, Berkshire, England, RG12 2SZ. 
Hjcollins9meto.gov.uk/Fax: [44] 1344 854493 

A three-dimensional Lagrangian tropospheric chemistry model was used to sim- 
ulate the global distribution of the OH radical. This model also provided a 
budget of all the OH production and destruction terms. To verify the free rad- 
ical distribution the model simulated the lifetime of methylchloroform and the 
distribution of 14-C0 which were then compared against measurements. As a 
sensitivity test the reaction coefficients for each of the major processes affecting 
OH were varied in turn by their published tolerances. This test showed that the 
uncertainties in the basic chemical kinetic data leads to significant uncertainties 
in the global OH distribution 
Our chemistry scheme contains 70 species including the non-methane hy- 
drocarbons: ethane, ethene, propane, propene, butane, toluene, o-xylene 
and isoprene. The oxidation of these produces peroxy radicals which can 
lead to ozone formation through NO to N02 conversion. We have investi- 
gated the importance of the loss route for these radicals via the reaction: 
peroxy+H02=hydroperoxide+02 where the hydroperoxides can be removed 
through dry or wet deposition. We show that the neglect of hydroperoxide 
formation leads to the significant overestimation of free radical concentrations. 

INFERRING      OH      CONCENTRATIONS      FROM 
VARIATIONS OF NON-METHANE HYDROCARBONS 

DIURNAL 

P. Calanca (1), S. Reimann (2) and P. Hofer (2) 
(1) Swiss Federal Institute of Technology (ETH), Winterthurerstr. 190, 
CH-8057 Zurich; (2) Swiss Federal Laboratories for Materials Testing and 
Research (EMPA), Ueberlandstr. 129, CH-8600 Duebendorf 
stefan.reimann @ empa.ch/Fax: +41 -1821 -6244 

Daily mean hydroxyl radical (OH) concentrations at a rural site in 
Switzerland are inferred from diurnal variations of ratios of non-methane 
hydrocarbons (NMHCs). Suitable combinations of NMHCs are selected by 
examining the sensitivity of the derived OH concentrations on the difference 
between the respective NMHC reactivities toward OH. Calculated OH- 
concentrations average in summer to 3 x 106 molec cm"3. This figure is 
consistent with model results and direct measurements in moderately 
polluted air in Europe. 
Derived concentrations show a significant correlation with the daily 
maximum global radiation and the daily maximum ozone concentration. 
Both quantities are known to play an important role in the formation of the 
OH-radical. Calculated regression curves of OH against these parameters 
for the summer of 1996 are tested against those computed for the summer 
of 1997. Changes in the regression coefficients are discussed with respect 
to variations in meteorological conditions and precursor levels. 

MEASUREMENT OF HOx IN THE MARINE BOUNDARY LAYER 

D.J.Creasevfl). P. A. Halford-Maw (1), D. E. Heard (1), J. D. Lee (1), 
M. J. Pilling (1), B. J. Whitaker (1) 
(1) School of Chemistry, University jof Leeds, UK 
davidc@chem.leeds.ac.uk / Fax: +44 113 233 6565 

An instrument to detect atmospheric concentrations of the hydroxyl (OH) and 
hydroperoxyl (HO,) radicals has been developed using the tfAGE (fluorescence 
assay by gas expansion) technique. The instrument monitors the OH radical via on- 
resonance laser-induced fluoresence (LIF) spectroscopy of the A*I (v' ■= 0) - X2rij 
(v" = 0) transition at 308nm. Ambient air is expanded through a 1mm nozzle to 
low pressure where it is irradiated by the laser pulse at a repetition rate of 7kHz, 
with the resultant flourescence being detected by gated photon counting. H02 is 
monitored by chemical conversion to OH by the addition of NO, with subsequent 
detection using LIF. Detection limits of 5 x 10' and 2.5 x 106 molecule cm0 

(signal to noise ratio of 1, integration time of 150s) for OH and H02 respectively, 
were determined by laboratory and field calibrations. The instrument was deployed 
in the marine boudary layer at Mace Head, Eire, during April and May of 1997 as 
part of the ACSOE field campaign. Selected results will be presented at this 
conference. 
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MEASUREMENTS OF NITRATE RADICALS AND ESTIMATION OF 
PARTICLE SURFACE AREA AT CAPE ARKONA (RÜGEN ISLAND) 

RDubois (1). H. Flentje (1,2) 
(1) Institut für Troposphärenforschung e.V. Leipzig, (2) now DLR-Institut für 
Physik der Atmosphäre, Oberpfaffenhofen 
dubois@tropos.de / Fax: +49-341 -235-2412, harald.flentje@dlr.de 

Long-path Differential Optical Absorption Spectrometer (DOAS) measurements of 
nitrate radicals were carried out in the marine boundary layer at the rural site Ark- 
ona. Observations between April 1993 and September 1995 cover a period of nearly 
30 months. The mean N03 concentration refers to the night time averages for sum- 
mer and autumn fluctuate between 7 and 10 ppt. Paniculate extinction measure- 
ments in the wavelength region from 320 nm to 680 nm have been performed by 
means of a DOAS system. This allows a rough estimate of the particle number con- 
centrations from about 100 cmJ to several 1000 cm"\ and of the mean surface area 
concentration from about 350 um3/cm° during summer 1995. The calculated NO, 
and N,05 lifetime versus the particle surface area concentration derived from DOAS 
measurements for summer 1995, confirm that the maximum lifetimes increase with 
smaller aerosol surface concentrations. On the one side, the upper limits for the NOj 
and N;Oj lifetimes give evidence for the limiting case of radical loss exclusively by 
reactions on the aerosol surface. On the other hand, it is clear that at most times 
other loss processes are dominant yielding considerably smaller lifetimes. This can 
be due to homogeneous gas phase reactions. An investigation of NO, night time 
variations and an assignment of the lifetime determining processes from additional 
meteorological and chemical information will be presented. 

TROPOSPHERIC OH BOX-MODELLING AND ANALYTICAL 
STUDIES: COMPARISON WITH OBSERVATIONS FROM THE 
WAOSE95 

O. Forherich. P. Pfeiffer, and F.J. Comes 
Institut für Physikalische und Theoretische Chemie, 60439 Frankfurt 
Fax +49-(0)69-79829484 / comes@chemie.uni-frankfurt.de 

Data of the most tropospheric relevant trace gases, collected in June 1995 
during the Weybourne Atmospheric Observatory Summer Experiment 
(WAOSE'95). were used to box-model the concentration of the free 
radicals playing a prominent role in the oxidising capacity of the 
atmosphere. The observatory (TOR Station No. 7) can be characterised by a 
clean atmospheric environment that occasionally is influenced by 
anthropogenic emissions of the industrial region in the central UK. The 
box-model was constrained to observations and is based on the gas phase 
reactions of the regional acid deposition model (RADM2). The calculations 
were compared with in-situ measurements of the OH radical concentration 
taken by the Multipass Optical Absorption Spectroscopy (MOAS) system. 
Its temporal and spatial resolution of I minute and 6 m, respectively, 
together with the extended input into the model provides a well suited 
opportunity for testing the actual theory of atmospheric chemistry. 
Agreement of theory and experiment for most part of the campaign is given, 
but deviations exist. 

VOLATILE ORGANIC COMPOUNDS AND PEROXY RADICALS 
CONCENTATIONS FOR URBAN AND RURAL REGIONS OF RUS$IA 

N.F.Elansky (1), A.A. Volokh (1), T.S. Vlasenko (2), G.I. Kuznetsov (2), 
O.A. Terekhova (2) 
(l)Institute of Atmosphere Physics, (2)Atmosphere Physics Department, Physics 
Faculty, Moscow State University, e-mail: oksana@optics.phys.msu.su 

The results of measurement of volatile organic compounds (VOC) concentrations in 
different urban and rural regions of the European part of Russia and Siberia got at 
the moving laboratory along the main line «Moscow-Vladivostok» are presented in 
the report. The content of alkanes, alkenes, aldehydes and agents of the other groups 
of hydrocarbons and their reactants (total 45-65 agents) in air samples picked in the 
sorbtion tubes was determined. VOC content and their character interrelation for 
rural regions give possibility to separate some areas: European, West Siberia, South 
Siberia, and East Siberia. VOC concentration in urban air depend on local pollution 
sources. On the base of trajectory analysis method the attempts to allocate the VOC 
sources were made. 
At the same time in these regions were made the measurements of Oj, NOx and UV 
radiation fluxes. On the base of these data concentration of peroxy radicals was 
estimated. For the some regions (Moscow and others) the analysis of minor 
constitutes concentrations behaviour in dependence on the industrial stress was 
made. Comparison of VOC and peroxy radicals distribution features shows the 
relation between them and characterizes oxidative atmosphere ability under different 
conditions. Using peroxy radicals as the trace compound of atmosphere pollution is 
discussed. 

LABORATORY STUDIES ON THE SELECTIVE MEASUREMENT OF 
ORGANIC PEROXY RADICALS AND H02 BY CHEMICAL CONVERSION/ 
ION MOLECULE REACTION MASS SPECTROMETRY 

Markus Hanke. Thomas Reiner and Frank Arnold 
Max-Planck-lnstitut für Kernphysik, Bereich Atmosphärenphysjk, Heidelberg, 
Germany 
Hanke@pluto.mpi-hd.mpg.de 

Results of recent field and laboratory studies which were conducted with a 
novel method for groundbased and aircraft-based measurements of peroxy 
radicals will be presented. The main characteristics of this method developed 
at our. laboratory are chemical conversion and amplification of peroxy 
radicals to sulfuric acid and detection of H2S04 by ion molecule reaction 
mass spectrometry (IMRMS). One part of the studies aimed at the calibration 
of the instrument and diagnostic investigations on interference and loss 
processes and conversion efficiency. Further laboratory works focused on 
the discrimination between organic peroxy radicals and H02 to develop an 
H02-only measuring mode.of operation and on the conversion efficiency of 
organic peroxy radicals to H02. 

MEASUREMENTS OF PEROXY RADICAL CONCENTRATIONS 
IN A PERI-URBAN ATMOSPHERE USING THE CHEMICAL 
AMPLIFIER METHOD 

A. El Boudali. F. Maguin. G. Laverdet and G. Le Bras 
Laboratoire de Combustion et Systemes Reactifs. CNRS and Universite 
d'Orleans. Orleans. France 
Laverdet'^cnrs-orleans.fr/Fax: + 33 238 257905 

Pcroxyl radical concentrations have been measured at a site located 10 
km downwind from Orleans during two weeks in July 1997. The 
measurements were performed using the chemical amplifier instrument 
developed at CNRS. The amplification was obtained from the 
RO;/NO/CO system, and the NO; produced was measured by 
chemiluminesccnce of luminol. The daily variations of RO: 
concentrations were measured together with those of ozone and NO* 
(NO. NO;). The NO* concentrations ranged from a few ppbv to 15 ppbv 
and ozone maxima of 70 - 80 ppbv were observed almost every day. The 
daily profiles of RO; concentrations showed maxima from a few tens to 
100 pptv during daytime with non-zero concentrations sometimes 
observed during nighttime. The maxima of RO; concentrations always 
appeared before those of ozone. These observations will be discussed 
referring to the current knowledge of the photochemical pollution. 

A 01AI.ITV COM KOI. / Ql ALU Y ASSESSMENT METHOD FOR 
ATMOSPHERIC NON-METHANE HYDROCARBON (NMIIC) 
MEASUREMENTS 

L^ Hnszpra (I) and K. Radics (2) 
(1) Iiisliluie for Atmospheric Physics. Hungarian Meteorological Service. 
(2) Department of Meteorology. Eölvos Lonind University 
nelly «nimbiis.cltc.hu/Fax: +36-1-210-1086 

Reactive hydrocarbons plays a crucial role in the chcmisiry of free radicals 
in the atmosphere. The processes cannot be studied without reliable, 
representative hydrocarbon concentration data. Having an existing data set 
of atmospheric NMHC measurements the types of compositions can be 
defined by cluster analysis. The lypes arc site specific and may depend on 
I tic season, on I lie air mass sampled, ils trajectory and chemical age. as 
well as on oilier factors. Analysing all the conditions of the measurements 
those lypc(si can be selected which represenl(s) the background conditions 
ai the given site Samples in itic oilier clusters may be non-rcprcscntalivc 
for the background comlilious due lo the special atmospheric conditions, 
sampling or analytical errors. Any new air sample can be accepted as 
rcprc'scntaiivc for ■ lie background conditions if ils composition falls into 
one of llic selected clusters. The presentation discusses the NMHC 
measurements from K-pus/.ta. Hungary, for the illustration of the method. 
It also presents the treatment of the partially analysed samples. 
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ON THE DEPENDENCE OF THE OH RADICAL 
CONCENTRATION ON ITS PRECURSORS: RESULTS OF 
THE POPCORN FIELD CAMPAIGN 

M. Hausmann, F. Holland, J.-P.- Kohlmann, F. Rohrer and D. H. Ehhalt 
Institut  für  Atmosphärische  Chemie   (ICG-3)   Forschungszentrum  Jülich, 
Germany. 
M.Hausmann0fz-juelicn.de/Fax: [49] 2461 61 5346 

The extensive OH data set recorded during the POPCORN campaign at a 
rural site in north-eastern Germany in August 1994 was investigated to reveal 
the dependence of the concentration of OH radicals on its precursors. RADM-2 
model calculations and an empirical analysis of the measurement data show 
that for typical POPCORN conditions the OH concentration was rather in- 
sensitive towards variations in the concentrations of most trace compounds. In 
particular variations in ozone and formaldehyde concentrations had only little 
influence on OH. The dependence of OH on NO„ could clearly be extracted 
from the data, showing that OH concentration peaks at 1.5 ppb NO* and 
declines towards higher and lower NOx concentration. Nevertheless, on aver- 
age for this data set, variation in the NOx concentrations accounts for only 6% 
of the total OH variability, while variation of photolyses frequencies accounts 
for 71%. The combination of empirical analyses and model calculation was 
found to be a skillful method to verify functional connections of concentrations 
of atmospheric chemical constituents as predicted by the model calculations 

PRODUCTION AND DESTRUCTION RATE OF OH AT AN ISLAND AND A 
SUBURBAN SITE IN GREECE DURING THE 1996 PAUR CAMPAIGN 

K. Kourtidis. C. Zerefos and 1. Tsiouri (Laboratory of Atmospheric Physics, Campus 
Box 149, Aristotle University of Thessaloniki, 54006 Thessaloniki, Greece) 
R. Schmitt (MeteorologieConsult GmbH, Glasshuetten, Germany) 
B. Rappenglueck, P. Suppan and P. Fabian (Lehrstuehl fuer Immissionsforschung, 
University of Munich. Germany) 

During the 1.-15. June 1996 PAUR campaign, concurrent ground measurements of 
03, J(0[ 1D]), humidity, temperature and C4-C12 hydrocarbons have been performed 
at an island and a suburban site in Greece. The measurements allowed for the 
calculation of OH production rates. POH, as well as relative destruction rates for the 
OH reaction with the measured hydrocarbons. Due to the relatively high ozone and 
irradiance values, daily peak production rates of OH were around 8X106 molecules 
cm-3 s-1. During most of the days, OH production rates'were at the island site higher 
than the ones at the suburban site, on one case by up to 100%. On at least two days, 
though, the opposite was true, with OH production rates being at the suburban site 
around 25% higher than at the island site. A two-days case study is presented, where 
the observed production rates are discussed in relation with concurrent BREWER 
measurements of total ozone and LIDAR measurements of aerosol vertical 
distribution. 

OH RADICALS IN THE ATMOSPHERE 

A. Hofzumahaus 
Forschungszentrum Jülich GmbH, Atmosphärische Chemie, Jülich, Germany. 
a.hofzumahaus«fz-juelich.de/Fax: [+49] 2461 61 8186 

OH is the main oxidizing agent in the troposphere. It reacts with most trace 
gases, often as the first and rate limiting step in the oxidation mechanism. 
Thus OH controls the atmospheric lifetime and therefore the concentration of 
many anthropogenic pollutants and natural trace gases. For about two decades 
our knowledge about the role of atmospheric OH mainly came from laboratory 
investigations, modelling studies, or field experiments which yielded indirect ev- 
idence of tropospheric OH. Direct observational data on atmospheric OH were 
scarce due to the technical difficulty of measuring the extremely small concen- 
tration of ambient OH. In the last few years the situation has greatly changed 
since a number of different and promising OH measurement instruments have 
become operative. The new techniques have yielded exciting observations of 
OH in a number of different environments on the continent, in coastal areas', 
on the free ocean, and the free troposphere. This presentation aims to give an 
overview of this rapid development which has opened new possibilities to study 
the photochemistry of the atmosphere. 

AIRBORNE MEASUREMENTS OF THE ABSOLUTE SOLAR 
ACTINIC UV FLUX AND THE Os -> O('D) PHOTOLYSIS 
FREQUENCY IN THE TROPOSPHERE BETWEEN 0-12 KM 
ALTITUDE. 

A. Kraus and A. Hofzumahaus' 
Inst. f. Atmos. Chem. (ICG-3) Forschungszentrum, 52425 Jülich, Germany. 
al.kraus«fz-juelich.de/Fax: [49] 2461 61 5346 

Spectra of the absolute solar UV actinic flux FA (A) were measured in the tro- 
posphere on-board the DLR Falcon research aircraft over the Aegean Sea in 
June 1996. The measurements were performed with a dual channel scanning 
spectroradiometer, equipped with two optical input systems pointing to the 
zenith and the nadir, respectively. The spatial sensitivity of each individual 
optical input system was adjusted to be nearly uniform over one hemisphere 
(2n sr). Thus, the two measurement channels detected the downwelling and 
upwelling component of the solar actinic flux Fj,(A), respectively. 
In this work, we present measured vertical profiles of the actinic flux from 
290nm - 420nm between ground level and the tropopause. Vertical profiles 
of the integrated UV-A and UV-B actinic radiation and the 03 -> O('D) 
photolysis frequency J(O'D) calculated from the measured spectra of F\(X) 
are shown. The shape of the vertical profile of J(O'D) is discussed with respect 
to variations of the actinic flux with altitude and the temperature dependence 
of the quantum yield 0(O'D) from the 03 -> O('D) photolysis. 

INFLUENCE OF THE UNCERTAINTY OF GAS PHASE RATE 
CONSTANTS ON THE MODELED TROPOSPERHIC OH CON- 
CENTRATIONS 

J.-P.-K-ohlmann and D. Poppe. 
Institut für Atmosphärische Chemie, Forschungszentrum Jülich, Germany. 
j.-p.kohlmannOfz-juelich.de 

The rate constants of some important reactions used for atmospheric chemical 
models are known only with considerable uncertainties of about 10 - 50 %. For 
example, the rate constant for the reaction of OH with N02, which is a very 
important sink of OH in the troposphere, might be overpredicted by 10 - 30 % 
at room temperature. Also a revised rate constanffdr the formation of OH in 
the reaction of H02 with NO has been reported. 
Numerical simulations of the OH concentration, using experimental data of 
the POPCORN campaign are presented. The calculations with a simple box 
model are based on the chemical mechanism RADM2 from the Regional Acid 
Deposition Model. Some important rate constants are varied and the influence 
on the calculated OH concentration is presented. 

THE EFFECT OF HUMIDITY ON WALL LOSS AND CHAIN 
LENGTHS IN RADICAL AMPLIFIERS. 

C. M. Mihele and D. R. Hastie 
Centre for Atmospheric Chemistry, York University, Toronto, Ontario, Canada. 
HastieCYorkU.CA/Fax: [416] 736 5411 

Radical amplifiers involve ambient radicals in a chain reaction with added NO 
and CO. The length of this chain, the amplification, is determined by the rel- 
ative rates of the propagation and termination reactions. In most instruments 
the major chain termination reaction is the loss of peroxy radicals to the walls 
of the reactor. Since ambient measurements are made under more humid condi- 
tions than calibrations and the ambient humidity can change markedly during 
a day, laboratory studies to investigate the effect of humidity on both the rate 
of radical loss to the reactor walls, and its impact on the chain length of the 
detector have been undertaken. The first-order rate coefficient for radical loss 
to the reactor walls is found to increase with increasing humidity. The chain 
length of a typical radical detector used in field studies is found to decrease 
with increasing humidity. A model has been used to reconcile the observed 
chain lengths with the varying termination rates. The impact of these results 
on field measurements is discussed. 
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ISOPRENE AND RADICALS: STl.Ml l.ANTS FOR THE EXPORT OF CONTINENTAL 
OZONE? 

PS. Monks (1). N. Carslaw C|. M. Evans (3). D. Shallcross (3). A.C. Lewis (2). K. Law (3). S.A. 
Penkett (4). J. Pyle (3) and M.J. Pilling (2) 

(1) Dept. ot'Chsmistry. Univ. of Leicester. UK. psm7gle.ac.uk/Fax +44-116-252-3789. (2) Depl. ol' 
Chemistry. Univ. of Leeds. IK. (3) Depl. of Chemistry. Univ. of Cambridge. UK and (4) School of 
Environmental Sciences. UK. 

Biogenic hydrocarbons have long been recognised as a potentially important source of 
peroxy radicals in the atmosphere owing to the nature of their rapid reactions with the 
primary atmospheric oxidants. Peroxy radicals produced in oxidative processes in the 
atmosphere can be responsible for significant daytime in-siiu production of ozone via 
their catalytic oxidation of NO to NO,. Ozone production is a non-linear process and 
dependant on a number of factors including the availability of NO,. VOC and HO,. 
There seems to be two distinct views as to the role of the biogenic hydrocarbon isoprene 
in the production of ozone. The first is that if HO, production is predominately 
controlled by ozone photolysis then isoprene will have little effect. The second, is that 
isoprene even at the level of a few 10's of pptv may have a significant effect on ozone 
production. Data from ACSOE-OXICOA EASE96 campaign at Mace Head in Ireland 
is used to illustrate that during a period dominated by semi-polluted air of UK and 
European origin, that the biogenic molecule isoprene can play an important role in the 
production of peroxy radicals and subsequently ozone. Using both measurements and 
models it has been demonstrated that isoprene can undertake both a direct role in the 
production of HO, and an indirect role in the control of NO,. The sum of these effects 
has wide implications for the export of regional pollution from urban areas to the 
background atmosphere. 

INVESTIGATION OF THE EFFECTIVE ABSORPTION CROSS- 
SECTIONS OF WATER VAPOUR AND OXYGEN FOR THE VUV 
EMISSION OF LOW PRESSURE MERCURY LAMPS AT 185 NM 

M. Sedlacek, M. Weber and A. Hofzumahaus 
Inst. f. Atmosphärische Chemie (ICG-3) Forschungszentrum Jülich, Germany. 
H.Sedlacek9fz-juelich.de/Fax: [49] 2461 61 5346 

The photolysis of water vapor in air by the 185 nm radiation of a low pressure 
mercury lamp is a widespread HO* source for calibration of field instruments 
that measure atmospheric OH and H02 concentrations. The determination 
of the generated radical concentration depends critically on the correct value 
of the H20 absorption cross-section at 185 nm. If the photon flux is moni- 
tored by O2/O3 chemical actinometry, the effective 02 absorption cross-section 
(cr02) must also be known accurately. Following a recent experimental study 
of Lanzeridorf et al. we have reinvestigated the absorption of the 185 nm Hg- 
lamp radiation by 02 and H20 for the conditions used in the HO« calibration 
of our LIF-instrument in Jülich. We present typical VUV emission spectra of 
several Hg lamps measured with a VUV spectrometer at high spectral resolu- 
tion of 0.01 nm and 0.05 nm. These measurements clearly demonstrate that 
the 185 nm line has an individual spectral shape for each lamp and exhibits a 
long tail towards wavelength up to 200 nm. The different overlap with the 02 

Schumann-Runge absorption lines results in different <r02 values for each lamp 
as well as in different dependencies of rj02 on the 02 column. We also present 
new measurements of the effective absorption cross-sections of H20 at 185 nm 
which will be compared with other recent literature values. 

THE IMPORTANCE OF NITRATE RADICALS FOR 
ATMOSPHERIC CHEMISTRY. 

Ulrich Platt 
Institut für Umweltphysik, University of Heidelberg 
pl@uphysl.uphys.uni-heidelberg.de 

Tel: +49 69221 546 339 
Fax:+49 69221 546 405 

Nitrate Radicals (N03) tea« with many organic compounds (VOC) and 
thus initiate their degradation. In addition they lead (via N2Os 
formation) to the conversion of NOx w HNOj, thus promoting the 
removal of NOx from the atmosphere. The much smaller reactivity of 
NOj towards VOC (by several orders of magnitude) compared to OH 
radicals can be offset by the much higher abundance of NO? in many 
areas. For instance NO> can be an important sink of DMS in the marine 
environment, while at the same lime changing the NOx - NOY ratio 

there. 
An interesting feature is the nearly exclusive formation of NOj by 
reaction of N02 + Oi, which - in contrast to most OH source 
mechanisms - proceeds without sunlight. Thus NOj - reactions lead to 
nighttime ROj- (and even OH) formation. 
The contribution of N03, in particular during times of low insolation, 
to the oxidation capacity of the atmosphere and its role in NOx- 
removal is discussed in the light of recent findings on the average N03 

concentration and its vertical distribution in the atmosphere. 

AIRCRAFT-BORNE     MEASUREMENTS     OF     PEROXY     RADICALS, 
RELATED TRACE GASES, AND UV RADIATION 

T. Reiner (1). M. Hanke (1), F. Arnold (1), H. Ziereis (2), H. Schlager (2), W. 
Junkermann (3) 
(1) Max-Planck Institut für Kernphysik, Bereich Atmosphärenphysik, 
Heidelberg, Germany, (2) Institut für Physik der Atmosphäre, DLR, : 
Oberpfaffenhofen, Germany, (3) Fraunhofer Institut für Atmosphärische 
Umweltforschung, Garmisch-Partenkirchen, Germany 
Reiner@kosmo.mpi-hd.mpg.de 

We have carried out aircraft-borne measurements of peroxy radicals, related 
trace gases, and UV radiation at altitudes between 3.7 and 7.8 km. Peroxy 
radicals were measured by chemical conversion to gaseous sulfuric acid and 
detection of sulfuric acid by ion molecule reaction mass spectrometry. The 
peroxy radical instrument was calibrated and thoroughly characterized by in- 
flight and laboratory diagnostic measurements. Results of diagnostic 
measurements as well as results from the measurement flights will be 
presented and discussed. 

ON THE STATUS OF PEROXY RADICAL MEASUREMENTS: RESULTS 
FROM THE PEROXY RADICAL INTERCOMPARISON EXERCISES I+II 

Andreas Volz-Thomas (1) and the PRICE Science Team2 

(1) ICG-2, FZ-Jiilich 
a.voIz-thomas@fz-jueIich.de/fax: +49-2461-615346 

Peroxy radicals (HO2 and its organic homologues, RO2) are the key intermediates in 
the oxidative decomposition of CO and hydrocarbons and in the formation of photo- 
oxidants such as ozone, PAN and other organic nitrates, and peroxides. 
Measurements of peroxy radicals thus provide important insight into the fast 
photochemical cycles in the atmosphere. Measurements of peroxy radicals have been 
reported using Matrix Isolation/ESR-spectroscopy (MIESR). Laser Induced 
Fluorescence (LIF), and Chemical Amplification (CA). 
This contribution will discuss the findings from two international exercises (PRICE 
and PRICE II) which were concerned with the comparison of the different 
techniques for peroxy radical measurements. Emphasis of PRICE was the 
comparison of MIESR and several CAs in the atmosphere, whereas PRICE II was 
mainly concerned with obtaining a better understanding of the particular problems 
associated with the chemical amplifier, e.g. detection efficiency for RO2 versus HO2, 
and the various radical sources that are used for calibration of the CA. 
2 M. Heitlinger.' F. Holland, A. Hofzumahaus, D. Mihelcic. P. Mflsgen. M. Weber (FZ- 
Juelich); J.P. Burrows. M.D. Andres Hernandez. D. Stöbener (Univ. Bremen); D. Pemer. T. 
Arnold. R. Seuwcn (MPI-C Mainz); CA. Cantrell (NCAR. Boulder); S.A. Penkett (Univ. 
East Anglia, Norwich); K.C. Clemitshaw (Imperial College London); G. Laverdet. K. El- 
Boudali. S. TetonXCNRS Orlans): 1. Hjorth. O. Poulida (JRC Ispra): D. Hastie. M.C. Arias 
(York Univ.. Toronlo): P. Borrell. and P.M. Borrell (IFU, Garmisch-Partenkirchen) 

THE MEASUREMENT OF TROPOSPHERIC H02 RADICAL 
CONCENTRATIONS BY LASER-INDUCED FLUORESCENCE 
AT LOW PRESSURE 

M. Weber, A. Hofzumahaus, F. Holland, J. Schäfer and M. Sedlacek 
Institut f. Atmospärische Chemie (ICG-3) Forschungszentrum Jülich, Germany. 
Mar.Weberefz-juelich.de/Fax: [49] 2461 61 5346 

Photochemical oxidation of most natural and anthropogenically produced at- 
mospheric trace gases is initiated by reactions with hydroxyl radicals (OH) and 
leads to the formation of hydroperoxyl radicals (H02). While in the last years 
a number of high quality OH data sets have been obtained by different mea- 
surement techniques, reliable H02 measurements are still sparse. In order to 
measure both radicals in parallel with a high time resolution we have extended 
the capabilities of our current OH laser-induced fluorescence instrument by 
adding a second measurement channel for the detection of H02 radicals. While 
this instrument directly detects OH radicals, HO> radicals have first to be 
converted into OH by reaction with NO. In order to quantify the H02 mea- 
surements not only a thorough understanding of the chemical conversion step 
inside the fluorescence chamber and its influence on the detection sensitivity 
is needed but also a well characterized H02 radical source has to be available 
for the calibration of the instrument. In our presentation we will describe the 
experimental setup of the H02 channel and will discuss several experiments 
which were performed in order to arrive at a comprehensive understanding of 
the different mechanisms underlying the successful measurement of H02 radical 
concentrations by LIF spectroscopy. 
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OA20 Radiogenic isotopes as tracers of 
source-areas for aerosols, suspended matter 
and sediments (co-sponsored by ST) 

Convener: Grousset, F.E. 
Co-Convener: Sirocko, F. 

TRACKING   PARTICLES  AND  PARTICIPATE  PROCESSES 
WITH RADIOGENIC ISOTOPE TRACERS 

Pierre E Biscaye m and Francis E. Grousset (2,1) 
(1) Lamont-Doherty Earth Obs. or Columbia University, Palisades NY 10964 USA 
<biscaye@ldco.columbia.edu> 
(2) Dopt. Geologie et Oceanographic, URM 5805, University Bordeaux 1, Ave. 
des Facultes, 33405 Talcnce-cedex  France 

The processes by which minerals become detached from parent rocks and each other, 
become ground down, partly dissolved and transformed into other minerals, arc 
transported by moving water, wind and ice to intermediate and final places of 
deposition on the continents and in the oceans - these processes reflect an enormous 
range of physical and chemical conditions of the Earth's surface and of its fluids of 
air and water. To decipher the record of these processes and conditions from 
sediments generally requires that they be traceable back to the primary rocks from 
which they were derived. Tracer characteristics for this determination of provenance 
must be, at least in combination, diagnostic of the source area and must be 
reasonably conservative throughout the intervening processes to their ultimate 
deposition. Natural isotope compositions of several radioisotopc systems provide 
excellent tracer characteristics because they vary with the lithologies and geologic 
ages of parent rocks, which themselves vary on spatial scales comparable to those 
of the physical and chemical processes elucidated. The geochemistries of the several 
radioisotopc systems react differently to these weathering and transport processes. 
We will review the several decades of use of these isotope systems (Rb-Sr, Sm-Nd. 
U-Pb) by the authors and others to study marine, lacustrine and soil sediments and 
modem aerosols as well as the record of palcoacrosols in polar ice cores and snow. 

GCM MODELING OF ATMOSPHERIC DUST TRANSPORTA- 
TION WITH CONSTRAINS ON PALEO SOURCES 

K. K. Andersen (1,2) and C. Genthon (1) 
(I) Laboratoirede Glaciologieet Geophysique de l'Environnement,38402 Saint- 
Martin-d'IIeres Cedex, France, (2) Department of Geophysics, Niels Bohr In- 
stitute, University of Copenhagen, Denmark. 
katrine9ujf-grenobla.gr6ti8t.fr 

From measurements of radiogenic isotopes it has been possible to put certain 
limits on the location of the possible sources of mineral dust transportated to 
the polar ice caps during the Last Glacial Maximum. We here present the results 
of simulating the atmospheric dust cycle in an atmospheric general circulation 
model. The results of the model were compared to results from measurements of 
radiogenic isotopes in dust from the ice cores and potential source areas. Model 
results for the Last Glacial Maximum, in consistance with measurements, show 
a strong transportation of dust from Patagonia to the Antarctic ice sheet. For 
the Greenland ice sheet the situation is somewhat more complicated due to the 
proximity of several potential source areas. However the measurements provide 
constrains on the sources of eolian dust, which are most important for the 
simulation of dust transportation in a paleo-environment, where information 
on e.g. vegetation and soil texture are rather scarce. 

Sm/Nd ISOTOPES IN CONTINENTAL AEROSOLS: RESULTS 
FROM A STUDY OF EPIPHYTIC LICHENS 

J.-Carignan. L. Reisberg and C. Spatz 
CRPG/CNRS. 54501 Vandoeuvre-les-Nancy, France 
carignan@>crpg.cnrs-nancy.fr/Fax 33 3 83 51 17 98 

Epiphytic lichens hanging in trees provide a natural means of filtering atmospheric 
particles over large geographic areas. Concentrations of non-soluble elements in 
these particles are found in ratios comparable to those of continental crustal 
sediments. We report Sm/Nd isotopic results from lichens collected in Europe and 
N. America, where geological terrains range in age from Archean to Ccnozoic. This 
large age variation permits the aerosol sources to be easily traced by their Nd 
isotopic compositions. Additionally it allows us to investigate whether trace 
element ratios of aerosols have varied with crustal residence age. estimated from the 
Nd isotopic composition. Our preliminary data display a range in l47Sm/l44Nd 
that varies from 0.096 to 0.121 and correlates with a range in Nd model age from 
2.7 Ga to 1.5 Ga. These ages are consistent with the geological ages Of the terrains 
in which the lichens were collected. The observed correlation agrees with thai found 
among river sediments in previous studies (Goldstein et al„ 1984; Goldstein and 
Jacobson, 1988). We find no correlation between major element composition, as 
expressed by Ti/AI ratio, and Nd model age. This suggests that the observed trend 
does not result from mixing between young mafic and old felsic endmembers. but 
rather reflects secular variation of trace element ratios derived from the mantle 
(Albarede and Brouxel. 1987). 

ORIGIN OF CONTINENTAL AND VOLCANIC AEROSOLS OF THE 
VOSTOK ICE CORE (ANTARCTICA) 

1, Basile (1,5), F. Grousset (2), M. Revel (3). J.R. Petit (I). P.Biscaye (4), F. 
Albarede (5), EJagoutz (6) 
(I) LGGE, CNRS, Grenoble, (2) DGO, CNRS. Bordeaux, (3) LGCA, University 
Grenoble. (4) LDEO, New-York, (5) ENS, Lyon, (6) MP1, Mainz 
Basile@glaciog.ujf-grenoble.fr 

The Vostok ice core (East Antarctica) provides a continuous record of continental 
dusts (2-3 p.m) and volcanic tephra (<50 urn) which have undergone tropospheric 
transport (5000 to 8000 km) and have reached the austral ice cape, during the last 
four Climatic cycles. 
For continental dusts, analyses of Sr and Nd isotopes show that they come from 
Patagonia during both glacial (fluxes of 20 mg'mVyear) and interglacial periods 
(fluxes of 1.5 mg'mVyear). For volcanic ash layers, the combination of Sr/Nd. REE. 
major and trace elements informations, permits to identify, among the Antarctic and 
peri-Antarctic volcanic provinces, four main volcanic sources: South Sandwichs 
Islands. Antarctic Peninsula, Southern Volcanic Zone of South America and Marie 
Byrd Land in West Antarctica. 
Those results show that continental and volcanic aerosols are transported from 
aereas located, at mid and high latitudes, on the atlantic side of Antarctica, into East 
Antarctica. This westerlie circumpolare current, with a convergent component 
toward Antarctica, exist both during glacial and interglacial periods. This 
reconstruction of large scale paleo-atmospheric circulation permit a better definition 
of the location and the geomorpholgy of continental dust sources and give new 
constraints to Atmospheric Global Circulation Models. 

SAHARAN WIND REGIMES TRACED BY THE   Sr-Nd 
ISOTOPIC   COMPOSITION OF THE SUBTROPICAL 
ATLANTIC SEDIMENTS. 

F.E. Grousset (1). M. Parra (1). A. Bory (2) 
(I) DGO. UMR 5805 EPOC, Universite Bordeaux I. Avenue des Facultes. 33405 
Talence Cedex (France); e-mail: grousset@geocean.u-bordeaux.fr, (2) Centre des 
Faibles Radioactivites. Avenue dc la Terrasse, 91198 Gif-sur-Yvette, France 

New Nd-Sr isotopic data on the <30um lithic particles of surface and LGM 
sediments recovered along the African margin between the equator and the Gibraltar 
Strait, are presented in combination with grain-size measurements. This <30um size 
fraction allows us to eliminate any hemipelagie contribution that could occur in the 
coarser fractions. In the eolian fraction, both Sr and Nd isotopic tracers reveal the 
same major northwestern origin (Mauritania. Mali, southern Algeria and Morocco). 
The Archaean formations of the western Saharan shield could be the source of the 
very unradiogenic ratios observed here. The more southern regions (Senegal. Guinea) 
act only as secondary sources. A similar pattern is observed for the LGM. Lithic 
particles are mostly transported by both Trade and Saharan Air Layer (SAL) winds, 
along an average NE-SW axis: this main feature matches the "southern plume", 
characterizing the dust transport observed during winter. No significant latitudinal 
shift of the belt winds is observed between LGM and today. At LGM. however, dust 
fluxes were 2 to 4 times higher than today, leading to'a more "Archaean-type" 
imprint in the deposits. We do not observe any clear relationship between the 
latitudinal variability of the upwelling systems identified at LGM. and the location 
ill the major wind systems. Both enhanced aridity on the continent, and increased 
w ind speed probably occurred together over western tropical Africa at LGM. 
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K-V AND 4«Ar/39Ar ISOTOPIC SIGNATURE OF ENHANCED ICE- 
RAFTING SUPPLY IN THE NE ATLANTIC. 

S Huon (1). P. Monie (2). R. Janlschik (3). F. Grousset (4) and B. Kubier (5) 
(i)  LBI-UMR  162,  Universite  Paris  VI,  Paris:  LGGP-URA  1763,  USTL. 
Montpellier; (3) Shell UK Exploration and Production, Aberdeen, (4) DGO-URA 
197.  Universite  de  Bordeaux  I,  Talence;  (5)  LMPG-Institut de Geologie, 
Universite de Neuchätel, Neuchätel. huon@ccr.jussieu.fr / fax +33 144 27 41 64 

Mineralogical, K-Ar and 40Ar/39Ar age determinations were carried out on fine 
grained (<16 urn) silicate fractions of NE Atlantic sediments (47°30'N - 19°30'W) 
to characterize the changes in source and transport of detrital supply during the 
phases of enhanced ice-rafting (Heinrich events) of the Late Quaternary. HL|, 
HL-i. HL4. HL5 (and two older HLs) sediments display equivalent K-Ar and 

integrated 40Ar/39Ar ages within analytical uncertainity which suggests a mixture 
of Grenvillian (800-1000 Ma) and lower Proterozoic (1800-2100 Ma) minerals 
originating from the Canadian shield. HLs do not consist in a simple addition of 
coarse ice-rafted material to ambient sedimentation. In contrast 40Ar/39Ar 
integrated ages are systematically older than K-Ar ages for ambient and HL3 

silicate fractions. The age discrepancy is due to recoil induced 39Ar loss attributed 
to a volcanogenic component either transported by NADW from the Iceland- 
Faeroe resions for ambient sediments and/or ice-rafting for HL3. This component 
is nearly "absent for HL|, HL2, HL4 and HL5. The isotopic data support the 
hvpothesis of a strong decrease of deep water circulation due to surges of the 
Laurentide ice sheet in the NE Atlantic basin. However, information on changes in 
deep water circulation mode during HL3 cannot be inferred from K-Ar and 

■"^Ar^Ar isotopic data. 

PROVENANCE OF CLASTIC SEDIMENTS IN THE NORTHERN INDIAN 
OCEAN: EVIDENCE FROM THE '«Nd/^Nd, ^Sr/^Sr COMPOSITION 

F. SirockoM). S.L. Goldstein (2) 
(1) GeoForschungsZentrum Potsdam, 14473 Potsdam 
(2) Lamont-Doherty Earth Observatory, Palisades, NY 10964, USA 
sirockoOgfz-potsdam.de 

Distribution patterns of 87Sr/86Sr and 143Nay144Nd for ,ne |itnic fraction of 
Arabian Sea sediments are presented for the sediment surface, the early 
Holocene and the late Glacial. The Holocene patterns outline a prominent 
source of dust by northwestely winds from the Arabian peninsula, which 
dominates sedimentation in the western sector of the Arabian Sea, and a 
fluvial source by Indian rivers in the eastern sector. During glacial times we 
observe a third eolian source with dust plumes entering the Arabian Sea 
from the northwest, i.e. from Iran and the area of the Persian Gulf, which 
was dry land at that time. Dust raised in East Africa and transported by the 
low level summer southwest monsoon is not observed and the isotopic 
composition of sediments in the western Arabian Sea is far from values 
being typical for the East African basalts. Accordingly, past variations in the 
composition and mass of eolian particles deposited in the western Arabian 
Sea are related to climate changes; the dust is not transported directly by 
the southwest monsoon winds, but by northwesterlies. thus recording 
environmental changes in the entrainment areas of dust, sea level, and 
latitudinal shifts of the boundary between the southwest monsoon wind over 
the ocean and northwesterly winds over the desert. 

STABLE LEAD ISOTOPES CONTRIBUTION TO THE CHEMICAL 
CLIMATOLOGY OF THE WESTERN MEDITERRANEAN 

B. Journcl '■2, L. Alleman', E. Nicolas2, A. Veron ' and B. Hamclin' 

(1) Cercgc, URA CNRS 132, BP 80, 13515 Aix en Provence Cdx 4, France, (2) 
LPCM, Quai dc la Darse, BP 08,06238 Villefranche/mcr, France. 
Journel@pbs-vlfr.fr; Lalleman@udel.edu, Nicolas@obs-vlfr.fr, Averon@cerege.fr, 
Hamelin@cerege.fr 

Our main objective is to discriminate source inputs from various anthropogenic 
(industrial, gasoline exhausts) and natural (mostly Saharan dust) emissions to the 
western Mediterranean to better define the chemical climatology of this enclosed 
basin. Here we present the first evidence of a clear isotopic discrepancy between 
anthropogenic emissions from southern France, Spain, Italy and .Morocco. This 
discrepancy is investigated on the basis of gasoline and industrial isotopic signatures 
as measured in western Europe. Isotopic ratios were determined on aerosols collected 
concurrently from a French coastal site (Cap Fcrrat near Nice) and at sea (transect 
between Dakar-Senegal and Toulon-France). The 'Tb'^Pb ratios appear more 
radiogenic at sea (=1,155±0,017) than on the coast (=1,137±0,02) suggesting a 
larger impact of the Saharan dust at sea. Stable lead isotopes were determined from 
sequential atmospheric sampling (aerosols, filtered and unfiltered rain, bulk 
deposition) at the Cap Fcrrat during specific climatological events (including Saharan 
dust and anthropogenic plumes) to investigate this difference and trace the processes 
that control trace metal deposition to fragile coastal environments. 

ON THE ORIGIN OF CONTINENTAL DUST IN THE GREENLAND GRIP 
ICE CORE BACK TO 44 KYR BP 

Anders Svensson (1), Pierre E. Biscaye (2) and Francis E. Grousset (3) 
(I) University of Copenhagen, Department of Geophysics. Juliane Maries Vej 30, 
2100 Copenhagen OE, Denmark, as@gfy.ku.dk, (2) Lamont-Doherty Earth Obs. of 
Columbia Universitv. Palisades NY 10964 USA, biscaye@ldeo.columbia.edu. (3) 
DEpt. GEologie et ÖcEanographie. UniversitE Bordeaux l, Ave. des FacultEs. 
33405 Talence-cede.x, France, grousset@geocean.u-bordeaux.fr 

Fourteen dust samples extracted from the GRIP ice core (72.6N, 37.6\V) [A] have 
been characterized in terms of mineralogy, Sr, Nd, and Pb isotopic composition, and 
REE concentrations. The ice samples are taken from the Holocene and from both 
mild and cold periods during the Last Glacial back to 44 kyr BP. The objective of 
the study is to determine the variability of the dust composition in relation to 
climate, and to determine the continental provenance of the dust. The overall 
mineralogy and the Sr and Nd isotopic composition is similar for all samples, but 
with some variation in the Holocene. A comparison with samples from possible 
source areas confirms Asia as being the main source area during the LGM [B]. 
Preliminary results indicate that Asia is also the dominant source area at other times 
during the Last Glacial and the Holocene. but with a possible addition of another 
probably-Asian source in the Holocene. 

[A] Dansgaard VV. et al.. Nature 364. 218-220 (1993) 
[B] Biscaye P.E. et al.. JGR, 102. C12. 26765-26781 (1997) 

PARTICLE GRAIN-SIZE CONTROL ON THE Sr-Nd AND Pb ISOTOPIC 
COMPOSITION 

M. Revel fl). P. Biscaye (2), F. Grousset (3). I. Basile (4) 
(1) LGCA 15. rue Maurice Gignoux, 38031 Grenoble France (3) DGO. U. de 
Bordeaux I. 33405 Talence FRANCE, (2) LDEO University Palisades NY10964 
USA. (4) LGGE, 38402 St Martin d'Heres, FRANCE. 

One of the most direct sources of information on paleo-atmospheric circulation is 
provided by aerosols raised from the continents by dust storms and transported 
over long distances to the polar ice caps. The clay mineralogy and radiogenic 
isotopic characteristics of the dust accumulated in GISP 2 ice core (Greenland) 
and Vostok ice core (Antarctica) have allowed us to identify their origin, from 
which we can construct the trajectory of the paleo-atmospheric circulation. To use 
the lithic particles as tracers of the source-areas, it is assumed that their isotopic 
signal have not undergone chemical and petrological modifications during the 
phase of deflation, transporation and deposition. To try to answer this particular 
point, we have studied the relationship between clay mineralogy/Sr-Nd-Pb isotopic 
system and grain-size fraction of atmospheric dust particles, sampled in possible 
source areas from around both hemispheres. The systematic analyses of Sr-Nd-Pb 
isotopic ratios measured on separate size fraction (0-2um, 2-5 um, 5-10 um, 10-20 
um, >20um) reveal high isotopic variations related to the grain size fraction. The 
variations for the Rb-Sr system follow the same trend, which can be explained by 
a mineral partition in the parent rock and a preferential alteration of the 86Sr-rich. 
87Rb-poor feldpar in many crustal rocks. For the Sm-Nd and U-Th-Pb systems, 
the isotopic variations arc more diverse and seem to be related to mineral 
fraclionation related to the size. 

REE PATTERN AND ND ISOTOPIC RATIOS OF 
SEAWATER, FILTERED SUSPENSIONS AND TRAPPED 
MATERIALS FROM TROPICAL NE ATLANTIC 

K. Tachikawa and C. Jeandel 
LEGOS (CNES/CNRS/UPS), Toulouse, France 
Kazuyo.TACHIKAWA@cnes.fr/Fax: 33.5.61.25.32.05 

Rare Earth Element (REE) concentrations and Nd isotopic ratios were 
measured for seawaters, filtered suspensions (> 0.65 um) and trapped 
materials collected at three EUMELI sites (F-JGOFS: 20°N, 18 - 
31°W). The ENd(0) values of the seawaters vary with depths and sites (- 
13.0 - -10.5). Those of the suspensions present vertical profiles similar 
to those of the seawaters, although the £Nd(0) values are more negative 
(-13.5 - -11.7). Mean ENd(O) values of carbonate free sediments are 
more negative than the suspension values at the studied sites (Grousset 
at al., in press). The intermediate values of the suspensions suggest that 
the suspended matter contains both authigenic (seawater origin) and 
lithogenic Nd. Light REE enriched REE pattern of the suspensions 
supports a preferential uptake of dissolved LREE by the marine 
particles. Applying the binary mixing hypothesis to the trapped 
materials, we estimate that 40 - 45 % Nd in the large sinking particles 
is seawater origin. Our results show that the marine particles contain 
inert lithogenic Nd which allows to trace lithogenic sources. However, 
they transport also authigenic Nd signals resulting from a surface 
adsorption and dissolved-particle exchange. 
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OA21        Biogeochemical interactions in the coastal 
marine environment 

Convener: Monaco, A. 
Co-Convener: Price, N.B. 

ANTHROPOGENIC LEAD AND 2"Pb AS INDICATORS OF PARTICLES 
RESUSPENSION IN THE GULF OF LIONS. 

L. Alleman ', J. Ferrand', B. Hamelin'. O. Radakovitch', A. Abassi2, S. Heussner2 

1: CEREGE, BP 80, 13545 Aix-en-provence, France. 2: LSGM, University de 
Perpignan, 66860 Perpignan, France. 
Lalleman@udel.edu; ferrand@cerege.fr; hamelin@cerege.fr; rada@cerege.fr; 
abassi@univ-perp.fr; heussner@univ-perp.fr 

Lead concentrations, stable isotope compositions and "°Pb activities were measured 

in cores and sediment trap samples collected on the continental margin of the 

Northwestern Mediterranean Sea. Variations of isotopic composition between coastal 

and open ocean sites implies different sources of lead in the particles. On the Gulf of 

Lions slope, resuspension processes are demonstrated by comparing the 

anthropogenic lead flux in sediment-traps with the inventories in the sediment. 

Resuspension of particles bearing anthropogenic lead is the main source for the trap 

material (up to 100%) and decreases from the shelf-break to 1000 m depth in the 

Planier and Lacaze-Duthiers canyons. This process also explains the focalisation of 
2,°Pb at these sites, evidenced by :l0Pb fluxes in the traps higher than the total input 

from the atmosphere and the in situ production in the water column. 

HYDROCARBONS IN THE BOTTOM SEDIMENTS OF THE 
KANDALAKSHA GULF OF THE WHITE SEA. 

A. V. Alexandrov (1) and V. I. Peresypkin (1) 
(1) P. P. Shirshov Institute of Oceanology, Moscow. 

Data of hydrocarbon distribution in the one of the largest gulfs of the White 
Sea - Kandalaksha Gulf are presented. These measurements were carried out 
near the Kandalaksha port. The basic part of alkane-naphtene hydrocarbons 
(HC) is accumulated in thin pelite silts in deep-water parts of the Gulf, and 
also in its small bays. The HC content in the top layer (0-5 cm.) of the bottom 
sediments varies from 43.8 mkg/g up to 305.7 mkg/gof a dry deposit or from lof 
Corg varies from 0.28composition of n-alkanes is anoxic conditions in bottom 
sediments owing to accumulation of a large part of terrigenous organic matter 
in the top layers of modern bottom sediments. Oil pollution in the surface layer 
of bottom sediments in a section from the oil-station to the open part of the 
Gulf has been found. Analysis of the n-alkane composition shows that the major 
proportion of the organic matter has terrigenous origin and a high degree of 
its transformation in the processes of sedimentation. Antropogeneous polluting 
substances are accumulated in the poorly washed out bays of the Gulf. 

HIGH-RESOLUTION MICROELECTRODE PROFILES OF REDOX 
SPECIES IN SEDIMENT PORE WATERS 

P Anschuß (1). B Sundby (2,4) L LeFrancois (2), G W Luther HI (3) and A Mucci 
(4) 
(1) University Bordeaux I, DOO, UMR-CNRS 5805, Talence 33405, France, (2) 
University du Que'bec, Rimouski, Canada, (3) University of Delaware, Lewes, USA, 
(4) McGill University, Montreal, Canada. 
anschutz@geocean.u-bordeaux.fr/Fa\: +33-5 56 84 08 48 

Using a voltammetric Hg/Au amalgam microelectrode on undisturbed sediment cores 
from Laurentian Trough in the Gulf of St. Lawrence, we have measured the vertical 
distributions of 02, Mn(II), Fefll) I(-I), and HS(-I) with millimeter resolution in the 
top several cm of the cores. The distributions of N03-, NH4+ and HP04- were 
measured colorimetrically, with a vertical resolution of 5 mm, using porewater 
samples obtained by conventional slicing and centrifugation techniques of replicate 
cores. Solid-phase Mn in these cores was extracted with HCI and measured with AA- 
spectrophotometry. Benthic fluxes of 02, N03- and HP04- were measured by 
incubating cores at the in-situ temperature. 
The vertical distributions we measured were qualitively similar at the three studied 
sites. In all cores, 02 disappeared at about 4 mm depth, followed by the successive 
appearance of I(I-), Mn(II) and Fe(II). Our data are consistent with the paradigm of 
successive use of electron acceptors during organic carbon degradation according to 
free energy yield, but they also reveal new reactions involving secondary reactants. 
Thus nitrate and iodate are reduced by Mn(II); denitrification occurs immediately 
below the sediment-water interface there is new nitrate production below this depth 
by an unknown suboxic nitrification process. 

PARTICULATE LIPIDS AS BIOGEOCHEMICAL INDICATORS 
OF ORGANIC MATTER TRANSFORMATION IN ARCTIC SEAS 

O. A. Alexandrova (1), V. P. Shevchenko (1), K. Fahl (2) and R. Stein (2) 
(1) P. P. Shirshov Institute of Oceanology, Moscow, (2) Alfred-Wegener- 
Institute fur Polar- und Meeresforschung. 
olgaCuave.sio.rssi.ru 

Lipid composition of suspended particles from the southern part of the Kara 
Sea (Ob River-Kara Sea transect) and from the transectional zone between 
Kara and Laptev Seas was used to investigate the features of organic matter 
origine and transformation in Arctic seawater environment. The analysis of 7 
lipid classes (hydrocarbons, polar lipids, sterol esters, wax esters, fatty acid 
esters, triacylglycerols and free fatty acids) on Iatroscan device indicates that 
hydrocarbons and polar lipids are the main components of the lipid composi- 
tion within Kara and Laptev seas. The allocation of the studied lipid classes 
demonstrates strong spatial variability. The distribution of major lipid classes 
in the southern part of the Kara Sea is mainly related to the influence of the Ob 
River input. The allocation of lipid concentrations , in particular of triacylglyc- 
erols, within transitional zone between Kara and Laptev Seas is connected to 
the sea-ice margin position. The highest triacylglycerol concentrations near the 
ice edge reflect the increasing phytoplankton growth induced by the melting 
processes. The distribution of total lipid concentrations and polar lipid con- 
tents within water column demonstrates the influence of allocation of the main 
water masses, in particular of the halocline acted as a barrier for organic matter 
transfer from the surface to the depth. 

PRIMARY PRODUCTION AND SHORT TERM CARBON EXPORT IN 
SOUTHERN ADRIATIC AND IONIAN SEA 

V. Balboni (I), A. Boldrin (2), G. Civitarese (3), A. De Lazzari (2), P. Giordani (1), 
A. Malaguti (4), S. Miserocchi (I), S. Rabitti (2). L. Strada (3) and M.M. Turchetto 
(2) 

(1) Istituto di Geotogia Marina, CNR, Via Gobetti, 101,40129 Bologna, Italy, 
(2) Istiruto di Biologia del Mare, CNR, Castello 1364/A, 30122 Venice, Italy, 
(3) Istituto Talassografico CNR, V.le R. Gessi 2, 34123 Trieste, Italy, 
(4) ENEA AMB CAT FRAL, Via Don Fiammelli, 2,40128 Bologna, Italy 
stefano@igm.bo.cnr.it/ fax: +39 51 6398940 

The flux of organic particles from the photic layer is the central element of the 
cycling of carbon and associated biogenie elements in open waters. A 
multidisciplinary study to assess the carbon cycle in the Southern Adriatic and 
Ionian basins started in the framework of the MTP 2-MATER project. The 
experimental activity concerned trophic conditions, primary production estimates 
and particle export measurement from the photic layer. The planned activity 
comprised also the time series collection of downward particles flux by means of 
sediment trap moorings. During March 97 at the Southern Adriatic station the 
primary production was estimated (with 24 h in situ incubation) in 340 mg C m2 d'1. 
The organic carbon fluxes, obtained with a drifting trap experiment, decreased with 
depth varying from 6.5 mg C m'! d'1 at 25 m depth to 2 mg C m'! d'1 at 125 m 
depth, suggesting enhanced carbon recycling in the upper water column. In fact the 
percentage of carbon export was estimated 2.8 % in the 0-25 m layer and decreased 
to 1 % at 50 m depth. 
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INFLUENCE OF SUBMARINE GROUNDWATER DISCHARGE ON 
COASTAL  OCEANOGRAPHIC  PROCESSES 

W. Burnett (1) and EJ£on!aL(2) 
(1) Department of Oceanography, Florida State University, Tallahassee, (2) 
P.P.Shirshov Institute of Oceanology Russian Academy of Sciences, Moscow 
kontar@cityIine.ru/Fax:+7-095-124-5983 

Recognition of the importance of groundwater flow into surface waters as a pathway 
for dissolved constituents has increased dramatically in the last few years. As one 
specific example, the Russian Academy of Sciences together with the "Land-Ocean 
Interactions in the Coastal Zone" (LOICZ) Project of the International Geosphere 
Biosphere Program convened an international workshop in Moscow entitled 
"Groundwater Discharge in the Coastal Zone." The initial impetus for convening the 
symposium stemmed from the recognition that an understanding of the dynamics of 
the coastal zone required knowledge of all inputs, and that in some locations the 
contribution of groundwater discharge, although not as easily recognized as oceanic 
exchange or surface flow, could be important. Our intention is to pick up where the 
LOICZ symposium left off and focus on the key problems. Submarine groundwater 
discharge (SGD) has been documented to be significant for nutrient input in some 
regions, and could be of importance for issues relating to pathways of pollutants to 
the ocean as well as various naval operations (acoustic interference, etc.). The direct 
discharge of groundwater into standing bodies of water may also have significant 
environmental consequences. Since the concentration of dissolved solids is typically 
much higher in groundwaters than surface waters, the impact of SGD on coastal 
chemistry and ecology may be considerably greater than one would estimate based on 
discharge assessments alone. In our paper we will review and identify deficiencies in 
our knowledge concerning the influence of SGD on coastal oceanographic processes. 

X-RAY FLUORESCENCE ELEMENTAL ANALYSIS OF PM-10 AIRBORNE 
PARTICULATE AT A MEDITERRANEAN COASTAL SITE (CASTELLON, 
SPAIN) 

C. Delgado, G. Peris, J. Rosel* and V. Esteve 
Dpto. de QuYmica Inorgßnica y Orgßnica, Universidad Jaume I, Ap. 224, 
E-12080 Castellan, Spain 
*Dpto. de PsicologYa Bßsica y MetodologYa, Universidad Jaume I 
E-mail: estevev@nuvol.uji.es Fax: 34 64 345747 

Atmospheric aerosol samples were collected near the coast at Castellan (a 
Mediterranean Spanish city). During a period of six months between February and 
August of 1992, a daily sample was collected by means a medium-vol sampler 
equipped with a PM-10 inlet using Millipore ester mixed membrane filters as 
collection media. Elemental chemical analysis of samples obtained were performed by 
a Siemens S-3000 X-ray fluorescence spectrometer (SEM/EDX), using SRM -1648 
(urban paniculate matter) as reference material for calibration. Significant amounts of 
Na, Mg, Al, Si, S, Cl, K, Ca, V, Cr, Mn, Fe, Zn and Pb were found. Ambient 
concentrations were calculated for each element. Statistical correlation between 
elements and time temporal series showing a seven order correlation were find. 
Authors are grateful to the Fundaci% Caixa Castell'/i for financial support throws the 
61383 project. 

THE ATMOSPHERIC FLUX OF DIMETHYL SULPHIDE FROM A 
SOUTHWEST EUROPEAN ESTUARY 

M. A. Cerqueira and C. A. Pio 
Department of Environment and Planning, University of Aveiro, 3810 
Aveiro, Portugal 
E-mail: Cerqueira@dao.ua.pt 

Seasonal dimethyl sulphide (DMS) emissions from an estuarine 
environment (Canal de Mira, Ria de Aveiro, Portugal) were investigated by 
parallel measurements in waters and tidal flats. Dissolved DMS 
concentrations were measured by GC/FPD following extraction from water 
samples using a cryogenic purge and trap technique. The fluxes were then 
estimated from a classical sea-air exchange model. A dynamic gas emission 
chamber in connection with canister sampling and GC/FPD analysis was 
employed for direct measurements of DMS fluxes from intertidal mud flats 
into the atmosphere. The field measurements showed significant 
longitudinal gradients for dissolved DMS in the waters. These results can be 
to some extent interpreted with reference to supporting hydrological 
parameters like salinity, temperature and chlorophyll a. On the other hand, 
the data obtained from this study revealed pronounced seasonal variations 
for DMS fluxes with peak values during the warmer months. The relative 
contribution of estuarine waters and mud flats for local DMS budget is 
discussed in terms of tidal cycles and exposed surface area. 

VARIABILITY OF THE PRIMARY PRODUCTION AND F RATIO IN A 
MEDITERANEAN COASTAL ZONE DURING SPRING BLOOM. 

F.Diaz. P. Raimbault and P Conan, Laboratoire d'Oceanologie et de Biogeochimie, 
Campus de Luminy, Marseille, France. 

Hydrological and productivity measurements were conducted weekly from March to 
May 1997 (spring bloom) in the north-eastern part of Gulf of Lions (off Marseilles) 
during the High Frequency Flux project (MAST III-MATER) in collaboration with 
the Programme National d'Oceanographie Cöriere (PNOC). The study site was 
sampled by nine stations (over 700 km') during a set of six daily cruises (one-week 
intervals). Aims of this study were to demonstrate if small-scale spatial and temporal 
variabilities had to be taken into account in a shelf region for future studies on 
primary productivity in Gulf of Lions. Chemical and biological data show the 
influence of hydrological and meteorological events (as well as North Mediterranean 
Current and forcing of north-westerly winds). Two sets of spatial distributions reveal 
that /ratio (percentage of new production) and mean primary production ranges 
from 15% to 51% and 300 to 500mgC m"2 d'1 respectively. Beyond these latter mean 
values an important variability exists and several values reach 600 or even lOOOmgC 
m'2 d"'. Results reveal rather low productivity for the season with a patchy 
distribution pattern reflecting the nutrients availability in the area. Thus variability 
leads to a large range of new production in term of carbon (40-400rhg m" d"). 
Finally a linear relationship could be established between primary production and 
new production. 

in-situ    studies  of biogeochemical processes occuring at 
the deep-sea floor : first results obtained with the Banyuls 

Benthic Lander 
deBovee. F'., Picon, P2., Medernach, L.', Schmied], GJ., and Buscail, R!. 
1-O.O.B., Univ. Pierre et Marie Curie, 66650 Banyuls sur Mer, France. 
E-mail: fdebovee@arago.obs-banyuls.fr 
2-L.S.G.M., CNRS, URA 715. Univ. Perpignan. France. 
3-I.M.G.P., Univ. Tuebingen, Germany. 

The biogeochemical cycling of organic matter at the sediment 
water interface of seafloor consists of a bulk of biological and physical 
processes catalyzing chemical reactions and facilitating material exchange. 
In the framework of this problematics, the Banyuls Benthic Lander has 
been deployed in spring and summer at several sites of the Gulf of Lions 
continental margin, from coastal zone to deep stations. This apparatus 
presents the capability to perform many tasks: (i) sampling and/or injec- 
ting in the overlying waters at pre-programed times, (ii) continuously 
measuring the oxygen concentration, (iii) recovering the sediment at the 
.end of the experiment. Two C-14 radiolabelled organic compounds were 
injected to follow their fate during early diageriesis: an autochtonous 
labile molecule (glutamic acid) and in contrast a more refractory molecute 
originating from continental inputs (benzoic acid). The temporal varia- 
tions of oxygen concentration provides good informations on the global 
biological activity. Benthic foraminifera were sorted and determined on 
the species level to characterize abundance and microhabitat patterns; 
meiofauna and macrofauna have been measured in term of number and 
biomass. The results allows to clearly distinguish the benthic activities 
from coastal to deepest areas, and the different bathymorphological sites 
of the continental slope. 

Simulation of the Cd and Mn behaviour in the Danube mixing zone 
using stable and radioactive trace elements as indicators. 

Jean-Marie Gamier (1) and Cecile Guieu (2).(1) CEREGE, 13545 Abe en 
Provence France. (2) LPCM, 06238 Villefranche sur Mer, France. 

Artificial salinity gradient experiments were performed by mixing unfiltered 
water from the Danube River previously (24 hours) spiked with stable or 
radionuclides trace metals with filtered (0.4 um) Black Sea water (salinity 
17.8). After mixing for 24 hours, the separation between the particulate and 
the dissolved phase was done. This period allows us to consider an 
equilibrium for Cd reactions and a pseudo equilibrium for Mn. Both 
experiments using stable or radionuclides, simulated well the removal of Cd 
and Mn observed from field sampling and from an un-tagged mixing 
experiment. For Cd (and to a lesser extent for Mn) the removal is known to 
be due to the formation of chloro and sulfato complexes in solution. By 
coupling stable and radioactive trace elements as indicators of the 
particulate-dissolved interactions, the contribution of the labile and residual 
species was specified. According to the type of experiments, different 
distribution coefficients (Kd) for Cd and Mn were calculated and results are 
discussed with respect to the importance of the sorbed labile species. 

1 
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VERTICAL FLUXES OF ORGANIC SPECIES IN A COASTAL 
MARINE AREA (EASTERN MEDITERRANEAN): 
AUTOCHTHONOUS VS. ALLOCHTHONOUS CONTRIBUTION. 

A. Gogou(I). I. Bouloubassi(2) and E.G. Stephanou(l). 
(1) University of Crete, Dep. of Chemistry, 71409 Heraclion, 
Greece. 
(2) University of Bordeaux I, 3340S Talence cedex, France 
gogou@chemistry.uch.gr/ Fax: ++30-81-210951 

Two time-series sediment traps were moored for one year period 
(Nov. 1994 to Nov. 1995) in the southern Cretan sea margin (1550 m 
water depth), at 200 and 1500 m depth in the frame of CINCS 
project. Detailed investigation of 7 distinct lipid classes permitted to 
distinguish the various organic matter sources, both natural 
(planktonic/microbial autochthonous and continental inputs) and 
anthropogenic ones. While generally higher concentrations of the 
organic constituents were found at 200 m, higher fluxes were 
measured for the deeper deployment. Moreover, the enhanced 
concentration of terrestrially-derived organic markers at 1500 m in 
late winter, may be attributed to »suspension processes. The peak of 
long chain alkenones and brassicasterol (coccolithophorid markers) 
at 200 and 1500 m in late April, is consistent with a high carbonate 
input on the same time. Anthropogenic inputs were found in low 
concentrations and showed a mixted petrogenic/pyrolytic character 
during summer, while a pyrolytic character was predominant during 
winter time. 

ANNUAL CYCLE OF PLANCTON ACnVTTY AND DMS PRODUCTION IN A 
COASTALZONE 

Jamet. P.. J. Gourdeau, J.LJamet, C. Geneys, S. Despiau 

LEPI, Universite" Toulon-Var, B.P. 132,83957 La Garde Cedcx, France. 

Toe aim of this research was to study the seasonal variations of the DMS production 
in relation to the plankton communities. The research was realized in an area 
(station A) of a perturbed littoral marine ecosystem (Toulon Bay, Var, France) and 
compared with a less polluted one (station B) located outside the bay, in order to 
define the factors influencing the marine production of DMS. Measurements of DMS 
concentration in seawater, meteorological conditions, abiotic parameters of the water 
quality and samplings of phyto- and Zooplankton were realised almost once a month 
from January 1997 to December 1997. Our results showed a difference in the 
production of DMS between the innern bay and outside the bay (concentration 
average in the bay is 1.4 times higher than outside). In the same way and on the 
whole study, phyto- and Zooplankton densities were higher inside the bay than 
outside. It was found that an increase in chlorophyll "a" was followed by an increase 
of DMS. Our data indicated also a highly positive correlation between phytoplancton 
biomass and DMS concentration in both station. Production of DMS was associated 
with specific algae taxonomic groups. Concerning zooplancton, the only significant 
correlation with DMS was found in station A due to grazing activities. 

BIOGEOCHEMICAL PROCESSES AFFECTING THE DISTRIBUTION OF 
TRACE METALS IN THE DANUBE MIXING ZONE 

Cecile Guleu and Coline Ridame. Laboratoire de Physique et Chlmie 
Marine, BP 08 Quai de la Darse, 06238 Villefranche-sur-Mer 

The distribution of trace metals (Cd, Cu, Zn, Pb, Fe, Mn and Co) were 
established for the three main branches of the Danube river during two 
campaigns (July 1995 and April-May 1997). The dissolved concentrations 
established for the river end-member do not Indicate contamination with 
regard to anthropogenic metals such as Cd, Pb and Zn. The low 
concentrations measured, in particular for Fe, are attributed to the 
precipitation of hydrated oxides, as a consequence of the high pH of the 
river (>8). The evolution of the dissolved concentrations of trace metals 
along the salinity gradient from the river end-member to the open waters of 
the north-western Black Sea (salinity=18) show only modest transfer 
between the paniculate and the dissolved phase. The contrasted biological 
activity encountered during the second campaign is considered to explain 
the behaviour observed for some metals (such as Cu). 
In addition, salinity gradient was simulated by in-vitro experiments, 
performed under dark conditions by (1) mixing freshwater with filtered 
marine end-member and (2) mixing spiked (with stable metals) freshwater 
with filtered marine end-member. Results of these experiments on both the 
particulate and the dissolved phase allow us to clarify the 
adsoption/desorption mechanisms at the solid-liquid interface. 

TEMPORAL PATTERNS OF CADMIUM CONTAMINATION WITHIN THE 
LOT-GARONNE-GIRONDE (FRANCE) FLUVIAL SYSTEM. 

Y. Lapaquellerie, G. Blanc, N. Maillet, P. Anschutz, C. Latouche and P. 
Buat-Menard, ^ 
Departement    de    Geologie    et   Oceanographie,    CNRS-Unlversite 
Bordeaux 1, Talence, France 
buat@geocean.u-bordeaux.fr 

Oysters in the Gironde estuary present anomalously high cadmium 
concentrations which have been related to the fluvial'transport of 
cadmium derived from mining activities in the upper Lot river valley 
which started in the middle of last century. Since 1990, we have 
investigated monthly variations of dissolved and particulate cadmium 
concentrations and fluxes in the Lot and Garonne rivers. Total Cd export 
fluxes from the Lot river show high temporal changes related to the 
local climate and range from 2 to 20 T.yr . Cadmium and 
radionuclides (210Pb and 37 Cs) data from 7 sediment cores collected 
between the pollution source area and the Gironde estuary have 
allowed to assess the spatial and temporal impact of a pollution peak 
event which occurred in 1986. From our study we can conclude that 
even if the Lot pollution source decreases drastically in the near future, 
the cadmium contamination of the estuary will remain for decades.- 
Indeed, since a major stock of pollution derived cadmium is present in 
the Lot river sediments (about 130 T in 1996), the Gironde estuary will 
still exhibit high dissolved cadmium concentrations derived from the 
desorption of cadmium from suspended particles in saline estuarine 
waters. 

SIMULATIONS OF CFC12 DISTRIBUTIONS WITH A GCM OF 
THE MEDITERRANEAN SEA 

K. Haines (1), P. Wu (1), W. Roether (2) and K. Stratford (3) 
(1) Department of Meteorology, University of Edinburgh, The King's Buildings, 
Edinburgh, UK EH9 3JZ, (2) Institut für Umweltphysik, University of Bremen, 
P.O. Box 330440, 28334 Bremen, Germany, (3) Oceanography Laboratories, 
University of Liverpool, PO Box 147, Liverpool L69 3BX, UK. 
kh0inet.ed.ac.uk/Fax: [44] 131 662 4269 

A Mediterranean general circulation model is used to study the formation and 
pathways of deep water in the eastern and western basins. The CFC12 distribu- 
tions measured in both basins by the German ship, Meteor (Roether etal 1991, 
Kline etal 1997) are simulated in the model and used to assess the GCM's rep- 
resentation of transport. Early versions of the model were unable to reproduce 
the overflow of water at the straits connecting Mediterranean sub-basins. This 
problem was overcome by incorporating the Gent and McWilliams parametriza- 
tion scheme. In order for the model to carry tracers effectively if was necessary 
to incorporate a flux limiting advection scheme, Thuburn (1993), Stratford 
(1997) into both the resolved, and Gent and McWilliams advection terms, to 
prevent negative concentrations occuring. Simulations at different resolution 
ate shown. 

SOURCES OF SULPHATES AND ORGANIC COMPOUNDS IN 
SUBMICRON MARINE AEROSOL 

Yu.S. Lyubovtseva, Geophysical Center of RAS, 3, Molodezhnaya str., 117044 
Moscow, Russia. lyubovCwdcb.rssi.ru/Fax 7-095-930-5509 

Main sources, size distributions of organic components (including MSA, its 
salts) and nonseasalt S04(nssSO.i), are discussed on the basis of fractional 
analysis of IR absorption spectra of aerosol samples collected over different 
regions of the Pacific and Atlantic oceans. Basic attention is given to the anal- 
ysis of samples collected over remote regions with high biological productivity 
where the oxydants of DMS, COS etc emited from sea water define consid- 
erably the chemical composition of submicron aerosols over oceans. Maximal 
presence of the organics is observed in aerosols collected over remote oceanic 
areas with high concentration of primary organics and phytoplankton whose 
activity is directly linked with vertical streams exerting intense water mixing. 
The fractional analysis of the IR spectra evidences in favour of heterogeneous 
condensation of DMS oxydants onto sea-salt particles. The presense of bands 
of other organic compounds (intense bands of CH2, CH3 groups etc) pushes to 
the assumption on possible contribution to the particulate organics from two 
other sinks: i. organic hydrosol-aerosol transition, and ii. particles originated 
from slicks highly enriched with surface active hydrophobic organics like fatty 
acids, higher alcohols etc. As a rule, in the particles collected over remote 
regions of the Pacific ocean low concentrations of (NH.|)2S04 are observed in 
contrast to highly polluted areas of the Atlantic ocean where the main compo- 
nent of the n„S04 is (NH4)2SO,|. 
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ISOTOPIC AND ELEMENTAL VARIABILITY OF CU AND ZN IN SEDIMENT 
TRAP MATERIAL FROM THE CENTRAL ATLANTIC OCEAN 

C. N. Marechal 1, E. Nicolas 2, F. Albarede 1 
1 Ecole Normale Supeneure de Lyon, 69007 Lyon, France (cmarecha@geologie.ens- 
lyon.fr) 2 Observatoire Oceanologique, 06230 Villefranche-s/Mer, France. 

Sediment trap material was collected in the Central Atlantic Ocean, west of the 
Mauritanian coast, under mesotrophic conditions. During the blooms of 1991, Cu 
concentrations increase between 1000 and 2500 m and Zn concentrations decrease by 
about 50%. Such a behavior documents both Cu scavenging and Zn remineralization 
during particles transit in the water column. The residence times corresponding to 
these processes are estimated to be respectively about 200 yrs and 60 yrs. A 
breakdown of the Cu and Zn crop of the 250 m trap into components shows that the 
signal is quantitatively associated with the major paniculate fractions (organic matter 
mostly planktonic, carbonates, and aluminum silicates). Such a breakdown cannot 
be carried out at deeper levels, probably because of scavenging and remineralization. 
The isotopic composition of Cu and Zn in paniculate material was measured for the 
first time by plasma source mass spectrometry on the P54 of Lyon which is 
equipped with both multiple collection and magnetic sector. The "'Cu/^Cu and 
'"Zn/^Zn ratios are measured alternately on the samples and on a standard solution 
of the same element. The internal reproducibility of the isotopic measurements is 
0.04%». Sediment trap material shows regular and coherent isotopic variations of 
0.4%» for 865Cu and 0.2%» for 866Zn. We suggest that the isotopic variability is 
controlled by the preferential uptake of the light isotope by biological activity. The 
isotopic patterns reflect changes in either the local productivity or in the vertical 
advection of water masses with different preformed isotopic values. 

MODELLING  BIOGEOCHEMICAL  CYCLES  IN  A  COASTAL 
ZONE: SENSITIVITY TO NUTRIENT INPUTS FROM RIVERS 
AND SEDIMENTS 
C. O'Riordan (1), A. Desouches (1), M.H. Tusseau (2) and L. Mortier (1) 
(1) Laboratoire d'Oceanographie Dynamiqueet de Climatologie, Paris, France, 
(2) Institute de Biogeochimie Marine, Montrouge, France. 
or01odye.jussieu.fr/Fax: [33]1 44 27 71 59 
The coastal zone is known as a very active biogeochemical reactor, transform- 
ing and producing large amounts of matter that remain difficult to estimate 
with in situ data. Therefore, in order to quantify the main biogeochemical cy- 
cles (C, N, Si) in an open margin zone (the Gulf of Lions), we developed a 
biogeochemical conceptual and numerical model which has been implemented 
in a three-dimensional model of hydrodynamics. The simulation of the annual 
cycle allows us to describe the spatio-temporal evolution of the ecosystem and 
to stress the importance of lateral transport and vertical mixing on the de- 
velopment of phytoplankton. Integrated fluxes of nitrate through the shallow 
area of the domain amounted to 70 000 tons of N-N03 per year, i.e. about 5 
% of the annual advective flux, or 120 % of the annual flux of nitrate brought 
up by vertical mixing. The importance of this export flux is directly linked to 
nutrient inputs from the Rhone river, from the sediments, and from advection 
of the Northern Current. Therefore, we have used this coupled model to deter- 
mine the sensitivity of primary production and regeneration processes to these 
inputs. Results demonstrate the non-linear effects of input processes on total 
primary production in the coastal zone. 

PHOSPHATES IN RAINWATERS : TOTAL FLUXES AND 
PARTITIONING BETWEEN LABILE AND REFRACTORY 
PHASES 

C. Migon. V. Sandroni & G. Copin-Montegut 
Laboratoire de Physique et Chimie Marines, Universite' Paris 6, UA 
CNRS/INSU, BP 8, 06238 Villefranche-sur-mer Cedex (France) 

Phosphate concentrations in rainwaters are measured on a Ligurian 
coastal sampling site (Cap Ferrat, France) since february 1997. Labile and 
refractory phosphates are discriminated in order to evaluate the 
atmospheric supply of available P. Preliminary results show a high 
temporal variability in total concentrations (from 0.05 to 4.3 (xmol.l ). 
The amounts of P strongly depend on the emission sources. With the help 
of chemical criteria and air-mass trajectory analyses, soiWerived dust 
from Sahara is identificated as the major source of atmospheric P. To a 
lesser extent, anthropogenic emissions may exhibit high P concentrations. 
Wet P fluxes are also calculated. Although the partitioning between labile 
and refractory P is very variable, Saharan inputs generally exhibit a 
higher percentage of labile P. The labile P content presumably 
determines the impact of atmospheric P inputs on surface seawater, which 
may be significant when P inputs from deeper waters into the the photic 
layer are minimum. Their possible role in fertilization in oligotrophic 
zones (or periods) is tackled. 

ARE NATURAL RADIONUCLIDES SUITABLE CARBON CYCLE 
TRACERS IN THE MEDITERRANEAN? 

J.M. Pates fl>. N. B. Price fl) and G. T. Cook(2) 
(1) Department of Geology & Geophysics. University of Edinburgh. (2) StIRRC. 
East Kilbiide 
,jpates@i;li;.ed.ac.uk/Fax:*44 131 668 3184 

The distributions of the panicle reactive, short-lived radionuclides 1,4Th and 2,"Po. 
between the paniculate and dissolved phases, relative U) their parent species, have 
been used successfully in radionuclide scavenging models to elucidate carbon export 
rates from the euphotic zone in the open ocean, where particles are doininamly 
biogenic. This paper asks whether these models can be applied to coastal and shelf 
seas which are globally important areas of production and where a mo« complex 
situation exists in which lithogenic and authigenic particles also act as scavensinc 
asents. l1,lTh distributions in the southern Adriatic and northern Ionian Seas are only 
partly related to biological parameters such as POC, and In a greater extent reflect 
the distribution of iron oxy-hydroxides, the dominant source of which is the River 
Po. Marked disequilibrium between -~Th and its parent ~8U cannot be accounted 
for by the abundance of particles in the water column at the sampling locations. 
Instead, it is proposed that this disequilibrium is the result of intense scavenging 
processes associated with the Po outflow in the northern Adriatic, thus rendering 
standard radionuclide scavenjing models invalid. The possibility is examined of 
combining scavenging data from 11aTh and :lflPo, which hove been shown to react 
differently to biogenic particles in laboratory studies, to evaluate carbon export. 

GEOCHEMICAL IMPLICATIONS OF ATMOSPHERIC LEAD 
DECREASE ON THE MEDITERRANEAN SEA ENVIRONMENT. 

E. Nicolas , J.P. Bethoux , C. Migon 
Laboratoire de Physique et Chimie Marines, University de Paris 6, UA 
CNRS-INSU, Villefranche-sur-mer 
nicolas@ccrv.obs-vlfr.fr/Fax : 33 4 93 76 37 39 

As a consequence of the European regulations on leaded. additive 
gasolines, the annual Pb automotive consumption decreased from 10,000 
to 1500 tonnes between 1987 and 1996 in France. The marine 
biogeochemical impact of the Pb emission evolutions during this period 
is evaluated from data concerning: atmospheric Pb deposition fluxes 
since 1986, annual profiles of marine concentrations between 1983 and 
19%, and oceanic flaxes measured in the Ligurian Sea during six 
months, at 200 and 1000 m in spring 1987 and 1993. The temporal 
evolution of Pb standing crop in surface, intermediate and deep waters 
between 1983 and 1996 reflects the variations of Pb emissions. This 
tendency is evidenced by the comparison of Pb fluxes: a similar decrease 
(90%) is observed for atmospheric and oceanic fluxes between 1983 and 
1993, meanwhile a decrease of 45% occurs for Pb standing crop in 
surface and intermediate waters. At the present time, it can be assumed 
that biological activity is sufficient to transfer tie atmospheric Pb 
loadings. These results seem consistent with the observed evolution of Pb 
profile concentrations in the Ligurian Sea between 1983 and 1996. 

TOTAL ATMOSPHERIC FLUXES OF TRACE METALS IN NORTHWESTERN 
MEDITERRANEAN FROM 2 YEARS MEASUREMENT (1995 to 1997) 

Celine Ridame (1), Cecile Guieu (1) and Marie-Dominique'löye-Pilot (2). (1) 
Laboratoire de Physique et Chimie Marine, 06230 Villefrariche-sur-Mer, 
France. (2) ENS, 92120 Montrouge, France 

Total atmospheric deposition of metals was monitored during 2 years (1-95 
to 3-97). The sampling site, located on the Northwestern coast of Corsica, 
was chosen for being isolated from any local contamination sources and 
represents a quite good observatory for the air quality in the Northwestern 
Mediterranean. The total atmospheric fluxes were established for: Al, Fe, 
Mn, Ni, Cu, Pb, Cd and Zn. Al, used as the crustal reference, indicates that 
Pb, Cd et Zn are associated mainly to anthropogenic aerosols (80-100%) 
and Fe to crustal aerosols (97%). In order to determine the spatio-temporal 
variability of the trace metals over the Northwestern Mediterranean, the 
observed mean fluxes are compared with those previously published. They 
are systematically lower, except for Ni and Mn. Concerning Cd and Zn, this 
difference could be attributed to (1) the fact that the sampling site is better 
isolated from local and regional contaminations than the other sites or/and 
(2) a decrease of the aerosol concentrations over the whole area in 10 
years. The mean flux of Pb (1±1 kg.km-2.an-') confirms the decrease of 
atmospheric Pb over the northwestern Mediterranean induced by the recent 
limitation in the use of Pb additives in gasoline. In the case of Al and Fe, the 
observed decrease corresponds to a decrease of the Saharan dust 
deposition. 
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TRACE     METAL    DISSOLVED     AND 
PHASES IN ATMOSPHERIC INPUTS 

PARTICULATE 

V. Sandroni. B. Journel, C. Migon & E. Nicolas 
Laboratoire de Physique et Chimie Marines, University Paris 6, UA 
CNRS/1NSU, BP 8, 06238 Villefranche-sur-mer Cedex (France) 
sandroni@ccrv.obs-vIfr.fr 

The physico-chemical state in which atmospherically-transported metals 
settle on the sea surface is of major importance regarding their fate in 
the water column and, if any, for a possible environmental harm. The 
incorporation of trace elements in biological cycles may also depends on 
their phase. Rainwaters and total deposition are collected at a permanent 
coastal sampling station at Cap Ferrat (French Ligurian coast). Total 
deposition being the sum of dry and wet depositions, the dry fluxes are 
calculated. From these data, total fluxes are evaluated for Al, Ca, Cd, 
Cr, Cu, Fe, K, Mg, Mn, Ni, Na, Pb, Sr, Ti and Zn, with 
discriminating dissolved (in rainwaters) and particulate (in rainwaters 
and dry deposition) fractions. The respective ratios dissolved/paniculate 
are considered taking into account the emission sources of trace metals : 
elements of crustal origin exhibit a low dissolved (presumably 
bioavailable) fraction, while those emitted by anthropogenic activities 
are essentially deposited under dissolved form. At a global scale, these 
different fates in the water column should determine very different 
biogcochemical behaviours. 

MESOSCALE ESTIMATION OF PARTICLE DYNAMIC, DERIVED FROM 
""Th, IN SURFACE WATERS ACROSS THE IBERIAN MARGIN 

Sabine SCHMIDT and Jean-Louis REYSS 
Centre des Faibles Radioactivity (France) 
E-mail: Sabine.Schmidt@cfr.cnrs-gif.fr 

The Iberian Margin, which is characterised by a narrow shelf and steep slopes, is 
strongly influenced by seasonal and spatially localised upwelling, downwelling, river 
inputs and slope currents. Such sporadic and local input of nutrients is likely to 
produce considerable spatial variability of biological activity, and consequently of 
particle flux. In surface waters, particulate fluxes can be estimated from    Th which 
is activity. Indeed 23,1Th (tm = 24.1 d.) is the most suitable radiotracer with its short 
period for studying particle export on timescales of days to weeks. 
During OMEXII (MAST programme) cruise (June, 97), samples for dissolved and 
particulate 234Th determination were collected. In order to estimate the mesoscale 
variability of fluxes, 23 stations were sampled in an area covering 41 to 43°N and 9° 
to 10°E. Except at 3 stations where detailed profiles were established, 1MTb activity 
was sampled between surface and 50 m as a single vertically integrated sample for 
each station. 
Spatial distribution of particle fluxes and residence time, derived from 2,4Th 
activities, will be discuss in relation with hydrotogica! features. 

CHEMICAL CHARACTERIZATION OF INDIVIDUAL AEROSOL 
PARTICLES COLLECTED BY CASCADE IMPACTOR SAMPLING AT 
CASTELLON (SPAIN) 

G. Sanza, G. Peris, J. Carda and V. Esteve 
Dpto. de QuYmica Inorgßnica y Orgßnica, Universidad Jaume I, Ap. 224, 
E-12080 Castellan, Spain 
E-mail: estevev@nuvol.uji.es  Fax: 34 64 345747 

Atmospheric aerosol samples were collected near the coast at CastelIMn (a 
Mediterranean Spanish city), during a period of seven months between April and 
December of 1992 using a high-volume sampler equipped with a five stages cascade 
impactor without filters. Individual particle analysis of samples obtained was 
performed by a Scanning Electron Microscope equipped with an energy dispersive 
X-ray spectrometer (SEM/EDX), on hexane dispersed particulate using the McCrone 
Atlas for identification. Following elements were found: Na, Mg, Al, Si, S, Cl, K. Ca 
and Fe. Several groups of particles according their chemical composition were created 
and its natural or anthropogenic origin determined. Authors are grateful to the 
FundaciK Caixa CasteII3/i for financial support throws the 61383 project. 

Interannual variability of fluxes across the North Sea 
boundaries 

Corinna Schrum (Zentrum für Meeres- und Klimaforschung. Uni- 

versität Hamburg, Troplowitzstr. 7, 22529 Hamburg. Germany). 

Interannual variability of the fluxes across the North Sea bound- 

aries and the fluxes between North Sea and Baltic Sea were studied 

with a 3-d numerical model for the North Sea and the Baltic Sea. 

The model is a coupled ice/ocean model and is applied to the inte- 

grated system of the two marginal seas. A prognostic model run for 

the period 19S2-19S8 was carried out and analysed. Strong interan- 

nual variability of the fluxes across the boundaries were found and 

extreme events were discussed. The implications of this variability 

on nutrient transports were discussed and budget calculations for 

the different years were presented. 

CONTROL OF pH BY ROCK-WATER INTERACTIONS WITH 
IMPLICATIONS TO AIR-SEA EXCHANGE OF CARBON DIOXIDE IN A 
TROPICAL ESTUARINE (MANDOVI-ZUARI) COMPLEX 

V.V.S.S. Sarma- and M. Dileep Kumar 
National Institute of Oceanography, Dona Paula, Goa 403 004. India 

Presently at CEREGE, Europöle Mediterraneen de l'Arbois, B.P. 80, 
Cedex 4, Aix-en-Provence, France, 
e-mail: sarma@cerege.fr 

13545. 

The concentrations of river or seawater borne substances may be modified by 
biogeochemical processes occurring in estuaries. pH changes regulate carbonate 
equilibria in water and vice versa. Although, the pH of river waters is governed by 
the nature of rocks in the catchment area and industrial and aquaculture effluents 
can also influence significantly. The pH exhibited somewhat similar curve to that 
expected from linear mixing between river and seawaters suggesting that the pH 
largely behaves conservatively. But our laboratory experiments revealed that pH 
behaves non-conservatively. Our experiments with soils revealed that the lowering 
of pH in the estuarine system is mainly because of the rock-water interaction in 
estuarine water. pC02 varied from -80 to 720 uatm and air-sea fluxes of carbon 
dioxide ranged from -30.2 to 55 mM.m^.d'. Sofar. coastal, estuarine and riverine 
regions are considered a sink for anthropogenic carbon dioxide. This study reveals 
that these regions also act as a source to the atmospheric carbon dioxide depending 
on the nature of the rocks /sediments. Hence, we need to re-examine these regions 

AN APPROACH TO MODELLING ANOXIC CONDITIONS 
FORMATION AS AN EXAMPLE OF THE BLACK SEA REDOX LAYER 

E.V.Yakushev 
Shirshov Institute of Oceanology, 36 Nakhimovskiy Pr., Moscow. 117S51, 
Russia 
yakushevfZi fadr.msu.ru 

The study of anoxic conditions is important because they can be formed in both 
natural and anthropogenic ways. A representative case study of the oxic anoxic 
transformation is the Black Sea redox layer. In anoxic conditions the oxidation 
of organic matter occurs in different stoichimetric reactions. Hence modelling of 
oxic'anoxic transformation requires parameterization of the cycles of several 
elements simultaneously, in contrast to models dealing only with nutrient cycles 
under oxic conditions. An O-N-S-Mn model is considered. Rates of biochemical 
processes are described using semiempirical functions of oxygen concentration. 
The processes of turbulent diffusion, sedimentation, and biogeochemical 
transformation were paramaterized in the frames of ID and 2D coupled models. 
The calculated spatial distributions of nitrogen compounds (organic nitrogen, 
ammonium, nitrate, nitrite), sulfur compounds (sulfide. elemental sulfur, 
thiosulfate, sulfate), dissolved and particulate manganese as well as dissolved 
oxygen agree reasonably well with the observations. Model estimations confirm 
that the existence of anoxic conditions is controlled by the peculiarities of 
organic matter decay (a consequence of oxidant consumption) in conjunction 
with restricted aeration. The results obtained could be used to describe the 
nitrogen, sulphur and manganese cycles in other natural aquatic ecosystems 
where anoxic environments are present or possible. 
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SIMULATION OF THE SEASONAL CYCLE OF THE ADRIATIC 
SEA ECOSYSTEM WITH AN HIGH RESOLUTION COUPLED 
ECOSYSTEM MODEL 

M.Zavatarelli (1), N.Pinardi (1) and J.I.AUen (2) 
(1) IMGA-CNR, Via Gobetti 101, 40129, Bologna, Italy, (2) Plymouth Marine 
Laboratory, Prospect Place, West Hoe, Plymouth, Devon, Pll 3DH, United 
Kingdom.. 
zav«imga.bo.cnr.it/Fax: [39] 51 6398132 

An high resolution simulation of the Adriatic Sea ecosystem spatial and tem- 
poral variability, under climatological forcing conditions, has been carried out 
utilizing the coupled ERSEM-POM (European Regional Seas Ecosystem Model 
- Princeton Ocean Model) system. 
The physical component of the model (POM) is forced with perpetual year 
seasonal cycle of the atmospheric forcing and river runoff, while climatological 
solar radiation and riverborne nutrients inputs are forcing the biogeochemical 
processes described by ERSEM. 
Results relative to the simulation of the seasonal cycle of the primary produc- 
tion processes are shown along with the spatial variability of the phytoplank- 
ton biorhass and nutrients concentration, resulting mainly in a north to south 
trophic gradient. Emphasis is also put on the detailed description of the spatial 
variability of the circulation features (allowed by the high model resolution) 
which are greatly affecting the variability of the biogeochemical processes. 

1 

NP3 Transport and mixing in geophysical flows 

Convener: Legras, B. 

04 Biological processes and mixing in the ocean 
(joint with OA) 

Convener: Richards, K.J. 

RELATIONS BETWEEN PHYTOPLANKTON AND TRACE METALS 

Martine Com (1) and Cecile Guieu (2). (1) Institut de Biogeochimie Marine, 
1 rue Maurice Amoux, 92120 Montrouge. (2) Laboratoire de Physique et 
Chimie Marine, 06238 Villefranche-sur-Mer 

Laboratory experiments were conducted In order to describe the main 
interactions between phytoplankton and trace metals In the column water of 
the Gulf of Lions. Two marine microalgae present in this environment, the 
prymnesiophyte Emiliania huxleyl and the diatom Leptocylindrus danlcus, 
were grown in two axenic seawater medium : (1) the F/2 medium and (2) a 
seawater-like trace metals concentrations. The aim of these experiments is 
to investigate the trace metals (Cd, Cu, Fe and Zn) distribution between the 
dissolved and the paniculate phases for these two species at the different 
steps of the algae growth, in the two medium. On the contrary of Emiliania 
huxleyi. the growth rate of Leptocylindrus danlcus Is maximum in the 
medium enriched in trace metals (F/2). Lower trace metals concentrations 
of the second medium induce a decrease with a factor 2 and 3 of the Chi a 
levels for Leptocylindrus danlcus and Emiliania huxleyl, respectively. These 
experiments will allow us to determine the distribution coefficient Kd, the 
relation between the phytoplankton and particulate trace metals. Results will 
be included into the 10 water column model (Tusseau et al., 1997) currently 
modified to describe the fate of these trace metals in the column water in 
relation with the organic matter. (This work is part of the E.U Metrr>Med 
Project (MAST3-CT96-0049)). 

Interplay of Fluid Dynamics & Plankton Population Dynamics in the Ocean 

J.Brindlev. Univ. of Leeds 
Dept. of Applied Mathematics Univ. of Leeds, Leeds LS2 9JT, UK. 
amtjb@amsta.Ieeds.ac.uk 

Plankton is a collective term describing many species of small (usually 10"4 - 10"2m) 
plantlike, photosynthesising (phytoplankton, P) or animal like, herbivore 
(Zooplankton, Z) organisms. Growth needs a nutrient supply (N), together with 
available radiation. Striking features of the population dynamics are its spatial and 
temporal variability. Blooms, in which the population of P (and to a lesser extent Z) 
increases by 1-2 orders of magnitude in a few days, occur at some times and places, 
often unpredictably, and spatial patchiness is ubiquitous.  Mathematical models 
range from highly complex, amenable only to numerical simulations, to very simple, 
allowing the possibility of some analytical understanding and hence predictive 
properties. Here we report results from simple (NPZ) population models, comprising 
coupled differential equations of excitable nature. Effects of non-uniform flow fields 
on the dynamics of these models are explored, both when the plankton is entirely 
passive, and also when the Zooplankton adopts feeding strategies involving relative 
motion. Implications for blooms and spatial patchiness are discussed. 

EFFECTS OF ADVECTION, MIXING AND SINKING ON SPA- 
TIAL AND TEMPORAL EVOLUTION OF BIOCHEMICAL PA- 
RAMETERS IN THE MEDITERRANEAN SEA 

G. Crisp! and A. Crise, R. Mosetti, C. Solidoro 
Osservatorio Geofisico Sperimentale, P.O. BOX 2011 34016 Trieste, Italy. 

In the Mediterranean Sea, average fluxes of matter have opposite directions in 
the upper ocean, one being eastward oriented and the intermediate one, con- 
trolled by LIW, westward. As a consequence fluxes caused by advection, mix- 
ing and sinking velocity of particulate matter, strongly affect horizontal spatial 
distribution and play a major role in giving rise trophic gradient. In this com- 
munication, we investigate the effect of sinking velocity on spatial and temporal 
evolution of biological parameters. Also the influences of advection and mixing 
are analyzed. Numerical results are obtained with a three-dimensional hydro- 
dynamical ecological model, using a lumped variable description of the first 
trophic level, while the transport processes are accounted for by a MOM-like 
structure. They indicate that the sinking term originates a west-east gradient 
on biological parameters, while large gyres determine the prevailing trophic 
regime in the open ocean and upwellings/downwellings are most effective along 
the coastal areas. 
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A MODEL STUDY OP THE EFFECT OF VERTICAL MIXING 
ON THE MARINE ECOSYSTEM 

H. Drange 
Nansen Environmental and Remote Sensing Center, Edv. Griegsv. 3A, N-5037 
Solheimsviken, Norway. 
halga.drugaOnrsc.no/Fax: [47] 55 20 00 50 

A coupled 3-dimensional physical-biogeochemical ocean model is used to quan- 
tify the effect of vertical mixing on the marine ecosystem in the Atlantic Ocean, 
the Nordic Seas, and the Arctic Ocean. The physical model used in this study 
is the Miami bopycnic Coordinate Ocean Model MICOM, with a dynamic- 
thermodynamic ice model, whereas differet nitrogen-based ecosystem formu- 
lations are used. Three mixing processes are examined: Mixed layer entrain- 
ment/detrainment, convective mixing, and diapycnal mixing. For the latter 
process, different parameterizations are tested, including vertical stability and 
isopycnic velocity shear dependent formulations. The presentation will focus 
on the effect these mixing processes have on new, regenerated and export pro- 
ductions in the open ocean, together with the air-sea exchange of COj. 

COUPLED HYDRODYNAMIC ECOSYSTEM MODEL OF THE 
BLACK SEA AT BASIN SCALE. FIRST RESULTS OF A HIGH 
RESOLUTION SD INTERDISCIPLINARY MODEL 

M. Gregoire, J.M. Beckers and J.Nihoul 
GHER, B5, Institut de physique, Sart Tilman, Univerait« de Liege, 4000 Liege, 
Belgium. 
ngregoireCulg.ac.be/Fax: [32] 4 366 23 55 

A hydrodynamical model of the general circulation in the Black sea has been 
build up, using the GHER (GeoHydrodynamics and Environment Research) 
three-dimensional, non linear, baroclinic, turbulent closure model. A model 
with 5 km horizontal resolution and 25 vertical levels is used to compute the 
typical seasonal cycle by forcing the model with climatological monthly mean 
fields of temperature, salinity and wind stress at the air-sea interface. Fur- 
thermore, the river discharges of the Danube, the Dnestr and the Dnepr are 
taken into account. This high resolution model resolves the baroclinic instabil- 
ities generated by the interactions of the boundary current with the coastline 
geometry or with the continental shelf/slope topography. 
A simple ecosystem model defined by a nitrogen cycle is coupled with the hydro- 
dynamical model. The state variables of this model are defined as those which 
are necessary and sufficient to assess the effects of the physical processes, and 
in particular of the boundary current instability, on the space time distribution 
of the primary and secondary productions. 
The results of this 3D ecohydrodynamic model are compared with CZCS data 
of surface chlorophyll fields collected during the period from 1978 to 1986. 

THE PHYTO- AND ZOOPLANKTON FIELDS OF THE ATLANTIC 
OCEAN. 

Z.Z.Finenko', S.A.Piontkovski', RWilliams2 and A.V.Mishonov' 

1 Institute of Biology of the Southern Seas, UKRAINE 
2 Plymouth Marine Laboratory, UNITED KINGDOM 
3 Marine Hydrophysical Institute. UKRAINE 

Data from 20 years (1970-1990) of expeditions to the Atlantic Ocean are summa- 
rised in the form of macroscale contour maps. The chlorophyll a concentrations 
from surface and mesozooplankton in the upper layer (0-100m) were analysed from 
3000 and 1300 casts respectively. General agreement between chlorophyll concen- 
trations and mesozooplankton biomass distributions was noted on an ocean basin 
scale. The comparison of chlorophyll concentration within the surface layer for 
some cruises and CZCS data was made for individual provinces. For the open ocean 
there was significant correlation between in situ measured and satellite derived chlo- 
rophyll concentration. There was a linear relationship between mean chlorophyll 
concentration within the 0 to 10 m layer and mesozooplankton biomass within the 0 
to 100 m layer for 9 biogeochemical provinces for summed data between December 
to May and June to November. For certain provinces relations were established be- 
tween primary production, phytoplankton and Zooplankton biomass. Biomass of 
phytoplankton and Zooplankton were estimated for the biogeochemical provinces of 
Atlantic Ocean. The total biomass of phytoplankton was estimated at 100 mln t C, 
and that of mesozooplankton at 65 mln t C. 

THE EFFECT OF HYDRODYNAMICS ON THE PHYTOPLANKTON 
PRIMARY PRODUCTION AND SPECIES COMPOSITION AT THE 
ENTRANCE TO THE GULF OF FINLAND (BALTIC SEA) IN JULY 1996. 

I. Kanoshina (1), U. Lips (1) and K. Kononen (2) 
(1) Estonian Marine Institute, Estonia (2) FTMR, Finland 
inga@sea.ee/Fax: +372 6311069 

A two-week muttidisciplinary experiment at the entrance to the Gulf of Finland with 
the aim to study the development of the late summer phytoplankton bloom and the 
controlling hydrodynamic mechanisms was carried out in July 1996. During the study 
period a clearly defined physical phenomenon - an anticyclonic eddy - was observed. 
The formation of the anticyclonic eddy was clearly reflected in the horizontal patterns 
of patchiness of phytoplankton. Diazotrophic cyanobacteria are favoured by low DIN 
and DIP concentrations because of overcompetition with other planktonic organisms. 
Proportion of cyanobacteria in the plankton community was the highest outside the 
observed eddy. The presumed vertical fluxes in the anticyclonic eddy appeared to be 
sufficient to control phytoplankton dynamics: the flagellates are favoured in case of 
continuous vertical transport of nutrients and, therefore, the flagellates abundance was 
higher in the centre and periphery of the eddy. Wind-induced vertical mixing was 
instrumental in bringing nutrient pulses to the upper mixed layer outside of the eddy 
and due to these pulses, temporal increases of phytoplankton (especially 
cyanobacterial) production was confirmed. A good correlation between preceding day 
wind speed and the phytoplankton primary production outside of the observed eddy 
was found. 

THE IMPACT OF MESOSCALE EDDIES ON PRIMARY PRODUCTION DM 
THE NORTH ATLANTIC OCEAN: A MODELLING APPROACH 

JLfiacscn 0). A. Oschlies (1,2), and J. Gunson (1) 
(1) LEGOS/UMR5S66/GRGS, Toulouse, France, (2) Institut für Meereskunde 
and der Universität Kiel, Kiel, Germany 
Veronique.Garcon©cnes.fr/Fax: +33-5-61-253205 

Physical influences on biological primary production in the North Atlantic 
ocean are examined by coupling a four-component ecosystem model of 
nitrogen cycling to an eddy-resolving seasonal general circulation model. A 
series of sensitivity experiments shows the crucial role of an accurate 
formulation of upper ocean turbulence and of advection numerics. 
Subgridscale diapycnal diffusion strongly controls biological production in 
the subtropical gyre, while an accurate description of subgridscale viscosity 
is important in the equatorial region. 
Assimilation of altimeter data from the combined TOPEX/Poseidon and 
ERS-1 missions into this basin-wide high-resolution model is performed to 
yield a more realistic representation of oceanic eddy activity. Results 
indicate that mesoscale activity accounts for more than one third of the new 
primary production in large regions of the subtropical and mid-latitude 
North Atlantic. Variational assimilation of ocean colour data in this 
coupled model is then conducted to constrain the modelled biological 
processes, and in particular to improve our estimation of poorly known 
biological parameters at a basin scale. 

PROJECTED DISPLACEMENT STATISTICS IN THE 
OCEAN 

J.H. LaCasce (L.P.O., IFREMER, centre de Brest, B.P. 70, 29280 
Plouzane, France; jlacasce@ifremer.fr) 

Results from numerical models of unforced barotropic geostrophic 
turbulence over topography suggest that horizontal mixing is pref- 
erentially oriented along contours of the mean PV, here f/H(x, y). 

This is most obvious if one considers displacement statistics in a co- 
ordinate system defined by the isölines of f/H. Here, I discuss what 

happens when one calculates such displacements for actual oceanic 
floats, and, in addition, regional and vertical variations of the corre- 
sponding statistics. The results indicate that oceanic mixing is also 
anisotropic with respect to f/H, implying in turn that topography 
affects the spread of tracer in large regions of the ocean. Certain 
statistical aspects are suggestive of Eulerian flows observed previ- 
ously in turbulence models. Furthermore, the results lead naturally 
to simple parameterizations of horizontal mixing in the deep ocean. 
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THE INFLUENCE OF PHYTOPLANKTON ON THE MIXED LAYER AND 
SURFACE HEAT FLUXES 

P. Moreno, tEiJuöt 
Space Systems Environment Analysis Section, European Space Research and 
Technology Centre, European Space Agency 
Fax:+31-71-5655420 

The amount of light that is absorbed in the ocean is highly dependent on the 
amount of phytoplankton present. In an ocean mixed-layer model the thick- 
ness of the mixed-layer is sensitive to the amount of light that penetrates into 
the ocean. Thus accurate modelling of the light absorption must be included 
in ocean mixed-layer models. As a result, the mixed-layer thickness and sur- 
face heat flux dependency on the phytoplankton concentration can be evalu- 
ated. 

The calculations carried out here to model the surface heat flux and the 
parameters that describe the mixed-layer, are based on Niiler's 1-D model, 
with modifications to take into account the concentration of phytoplank- 
tonThe absorption of incoming solar radiation is modelled accurately taking 
into account the exact absorption properties of chlorophyll as well as a 
dynamically varying concentration. The mixed-layer and the surface heat 
flux are evaluated using a set of realistic boundary conditions with varying 
windstress and incoming solar radiation. 

EDDY MIXING AND BIOLOGICAL PRODUCTION 

K. J. Richards and S. Spall 
SOC, University of Southampton, European Way, Southampton, S014 3ZH, 
U.K.. 

Ecological models of the upper ocean are often fitted to data by running a one 
dimensional version of the model and tuning adjustable parameters. However 
observations show that the physical, biological and chemical fields are very 
variable in the horizontal. The variability at the O(10km) scale is caused by 
the action of mesoscale eddies. Eddies mix water masses and produce vertical 
movement, both of which affect biological production. The affects of eddies on 
production need to be quantified in order that more robust ecological models 
can be formulated. 

The effect of eddy action on production will be discussed. In particular results 
will be presented from a modelling study of eddy action on production. An eco- 
logical model is embedded into a physical model of an unstable oceanic front. 
Production is increased by the ensuing eddying motion. There is also a down- 
ward flux of material increasing the effectiveness of the biological.pump. It is 
found that new production can be directly related to the vertical movement 
of nutrients into the euphotic zone caused by eddy action. A parametrization 
scheme based on the eddy transport scheme of Gent and McWilliams is devel- 
oped and tested, the results are very encouraging and suggest a way of including 
the effect of eddies on biological production in basin scale ocean models. 

I 

MODELLING ANNUAL PLANKTON DYNAMIC IN THE IONIAN SEA 
(EASTERN MEDITERRANEAN) 

E.Napolitano (1), T.Oguz (2) and P.Malanotte-Rizzoli (3) 
(1) Istituto di Meteorologia e Oceanografia, I.U.N., Corso Umberto 1,174, 
80138, Napoli, Italy 
(2) Institute of Marine Sciences, M.E.T.U., Erdemli, Icel, Turkey 
(3)Department  of  Earth,  Atmospheric  and   Planetary  Sciences, 
Massachusetts Institute of Technology, Cambridge, USA 

The annual cycle of the plankton dynamics in oligotrophic Mediterranean 
pelagic ecosystem, referring to the Ionian sea, is studied by a one- 
dimensional vertically resolved physical-biochemical upper ocean model, 
coupled with the Mellor-Yamada level 25 turbulence closure scheme. The 
biochemical model involves interaction between the inorganic nitrogen 
(ammonium and nitrates), single phytoplankton and Zooplankton groups 
and detritus. As first step, under climatological forcing functions (wind- 
stress, heat and salt fluxes, photosynthetic active radiance), the model 
simulates main observed seasonal and vertical characteristic features as 
cold winter convection and yearly evolution of the upper layer 
stratification, the annual cycle of phytoplankton production with the 
weak spring bloom and the subsurface phytoplankton maximum layer 
stable in the summer - early autumn period. 

NEW PRODUCTION IN THE EQUATORIAL PACIFIC: A COU- 
PLED DYNAMICAL/ BIOGEOCHEMICAL MODELLING 

A. Stoens (1), C. Menkes (1), Y. Dandonneau (1), L. Memery (1) and N. 
Grima (1) 
(1) Laboratoire d'Oceanographie Dynamique et de Climatologie, Paris, France. 

A simple 3D biogeochemical model was coupled to a dynamical model in order 
to simulate new production in the equatorial Pacific during 1992-1995. The bio- 
geochemistry was modelled as a chlorophyll-modulated nitrate sink. The model 
was able to reproduce the contrasting regimes of the equatorial Pacific: the bi- 
ologycally poor warm pool region and the upwelled richer waters further east. 
A sharp salinity front separates theses two regimes. The zonal displacements 
of the front are associated with ENSO wind driven surface current variations. 
The simulation shows that nitrate front separates the two regimes and this 
front moves in phase with the salinity front. The model also shows that nitrate 
front displacements are governed by oceanic circulation. 
However; the nitrate concentrations are higher in subsurface waters than has 
been observed in the equatorial upwelling region. Recent results of EqPac- 
JGOFS strongly suggest that a significant part of the dissolved organic matter 
escapes remineralization and is exported. Our biogeochemical model is thus 
improved by adding an explicit dissolved organic nitrogen compartement. 

PATHWAYS OF NUTRIENT SUPPLY TO THE OLIGOTROPHIC 
SUBTROPICAL GYRE: A MODEL STUDY 

A. Oschlies (1) and V. Garcon (2) 
(1) Institut für Meereskunde, Kiel, D-24105 Germany, (2) UMR5566/LEGOS, 
Toulouse, F-31401 France. 
aoschliesflif».uni-kiel .<Je/Fax: [+49] 431 565876 

Episodic nutrient pulses by eddy-induced upwelling have been suggested to ex- 
plain why geochemical estimates of nitrate supply to the euphotic zone are an 
order of magnitude higher than biological and physical ones. The present study 
investigates the nutrient fluxes into the light-lit surface layer of the oligotrophic 
subtropical gyre with the aid of an eddy-resolving coupled biological-physical 
model of the North Atlantic. The level of eddy activity in the model is varied by 
assimilating altimeter data and by changing the parametrization of horizontal 
friction. The role of eddies in fueling biological production is compared with 
that of mean advection and different representations of subgrid-scale diapyc- 
nal mixing. It is found that eddies contribute about one third of the nutrient 
input into the subtropical Atlantic, but that they can not explain the large 
observational discrepancies. However, even within the subtropical gyre we And 
substantial regional differences in net nitrate supply, large enough to consis- 
tently explain the different observations. The model results are discussed with 
special emphasis on North Atlantic time series and process study sites. 

MODELLING OFDKFOSITION/RKSUSPENSION PROCESSES IN 
Till: ENGLISH CHANNEL 

G. THOUZKAU', C.CHKVAL1ER " mid A. TEMPERVILLE' 
1UMR CNRS 6539, lllliM. lhou7£au«*cassis-gw.uiiiv-brcst.fr 
' Institut de Mccaniquc de Orcnoblc, LliGI, 04 76 82 52 71 
' present address: OKSTOM, chcrthcKPorslom.fr 

ABSTRACT 
Deposition mid resuspension of paniculate matter offshore Roscoff (western 
linglish Channel), were studied by in situ measurements of sedimentation 
rate and physical modelling of deposition/resuspension processes. Bottom- 
moored and free-floating multiple cample programmable sediment traps 
were deployed to measure the total downward sediment flux. Paniculate 
matter sedimentation showed short-term variations which were partly related 
to tidal flow speed. Panicle in/c distributions measured over the entire 
deployments were quite similar at mid-depth and close to the bottom. It 
mainly reflected the abundance of small particles in the scdimentcd material. 
Hie transfer processes in the water column along with the deposition and 
resuspension of paniculate matter were modelled. Sediment production and 
resuspension were evaluate from the fluxes measured in sediment traps. The 
results obtained arc very sensitive to the physical parameter values (vertical 
diffusion and particle fall velocity). 
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MULTIVARIATE MODEL ESTIMATION USING METEOROLOGICAL 
PARAMETERS FOR URBAN POLLUTANTS AT GRAN CANARIA 
(CANARY ISLANDS). 

H. Alonso, B. Gonzalez, P. Sancho 
Physics Department. ULPGC. 35017 Las Palmas de Gran Canaria (Spain) 

AR1MA model have been determined for several hourly series of pollutants at Las 
Palmas de Gran Canaria. Dry temperature, relative humidity and pressure have been 
chosen as meteorological parameters for the input of the mentioned multivariate 
model. It has been determined that high values of dry air temperature increase the 
photochemical transformations between the different pollutants. Also, the dependence 
of the pollutant transformation and the trade winds have been identified. Finally, 
stable, high-pressure episodes have been related to the pollutant persistence at the 
urban atmosphere. 

ARIMA MODEL ESTIMATION FOR URBAN OZONE AT THE CANARY 
ISLANDS AND ITS RELATIONSHIP WITH OTHER POLLUTANTS 

H. Alonso, L. Cana, B. Gonzalez, P. Sancho 
Physics Department ULPGC. 35017 Las Palmas de Gran Canaria (Spain) 

Based on the Ozone hourly data and other different pollutants as S02, SPM, Nitrogen 
Oxides and CO obtained at an urban station placed close to a power plant of Las 
Palmas de Gran Canaria (Canary Islands), an ARIMA model has been determined to 
describe its evolution. First, trend and spectral analyses using the Fast Fourier 
Transform (FFT) to detect the different periodicities have been carried out Once the 
model has been identified, the different relationship between the Ozone and the other 
mentioned pollutants have been determined, In order to detect these relations, the 
Cross-Correlation Functions (CCF) between the different prewithened series have been 
used. This technique has allowed to determine the characteristic time dependence on 
each one, caused by the photochemical transformations between the pollutants, 
showing different lags between them. 

THERMAL INVERSION IMPACTS ON THE MIXING PROPER- 
TIES OF THE LOW ATMOSPHERE WITHIN A DEEP VALLEY 

S. Anquetin and J.P. Chollet 
Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble, France. 
Sandrine.AnquetinChmg.inpg.fr/Fax: [33] 476 82 52 71 

Pollution problems within deep valley systems are associated to low wind con- 
ditions with significant stratification including a strong inversion layer, which 
reduces the exchanges towards larger scales. 
Previous studies have shown that the structure as well as the characteristic 
scales (height, strength, and duration) of the thermal inversion within the val- 
ley strongly depend on the season. These results can be interpreted for urban 
pollution planning since the dynamics scales are in the same order of the reac- 
tive chemical processes. 
Our contribution deals with the large eddy simulations of a complete diurnal 
cycle of atmospheric flows within different schematic valleys, atmosphere. 
The main objectives are to point out the influence of the valley aspect ratio 
and the influence of the shape (convex or concave V or U-shaped valley) on 
the characteristic scales of the thermal inversion. The impact on the mixing 
properties of the lowest layers of the atmosphere, linked to the time evolution 
of the stratification whitia the valley, is shown through the visualization of the 
iso-concentration of a passive scalar emitted in the centre of the valley during 
three different periods : at the end of the night (when the thermal inversion is 
the strongest and when its vertical extension is maximum), at noon (when the 
inversion is the weakest or completly destroyed), and at sunset. 

RELATIONSHIP BETWEEN TROPHOSPHERIC OZONE AND 
METEOROLOGICAL PARAMETERS AT TALIARTE (GRAN CANARIA). 

H. Alonso, L. Cana, B. Gonzalez, P. Sancho 
Physics Department. ULPGC. 35017 Las Palmas de Gran Canaria (Spain) 

As it has been pointed out in precedent studies, ozone diurnal variations at Taliarte 
(Canary Islands) are dominated by two different situations: trade winds and marine 
breeze. Besides, a well-determined relationship between the presence of trade winds 
and low values of ozone registered at Taliarte, has been found. Multivariate ARIMA 
model and Cross Correlation Functions (CCF) have been determined to identify the 
influence of some meteorological parameters in the measured amount of ozone during 
several situations without the presence of trade winds. 

A TRACER CLIMATE MODEL BASED ON THE LMDZ AGCM 

A. Armengaud (1), K. K. Andersen (1,2) and C. Genthon (1) 
(1) Laboratoire de Glaciologieet Geophysique de PEnvironnement, 38402 Saint- 
Martin-d'Heres Cedex, France, (2) Department of Geophysics, Niels Bohr In- 
stitute, University of Copenhagen, Denmark. 
alexOglaciog.ujf-grenoblft.fr 

On the basis of the new LMDz atmospheric general circulation model a tracer 
climate model has been developped. The implicit scheme of the boundary layer 
and the convective and advective schemes of the GCM were altered to include 
passive tracer transportation. Furthermore the possibilities of dry and wet de- 
position as well as radioactive decay were implemented. The general features 
of this model have been validated simulating the atmospheric cycles of J3JRn 
and 310Pb, and lately through the simulation of mineral dust, a tracer of more 
climatic significance. A special feature of the applied GCM is the ability of 
applying a stretched grid. This means that the resolution can be increased to 
near mesoscale over specific areas of interest, with the model remaining global 
at reasonable computational cost. 
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TWO YEARS LIDAR AEROSOL MEASUREMENTS AT THESSALONIKI, 
GREECE 

D. Balis (1), A. Papayannis (2), E. Galani (1), F. Marenco (3), V. Santasecaria (4), 
I. Ziomas (1) and C. Zerefos (1) 
(1) Laboratory Atmospheric Physics, Aristotle University of Thessalonild, Greece 
(2) Physics Department, National Technical University of Athens, Greece 
(3) ESA, Netherlands 
(4) CNR-IROE, fcny 
Email: balis@ccf.auth.gr 

Measurements of the vertical lower tropospheric profile of the aerosol 
backscattering coefficient have been performed at the city of Thessaloniki, since 
1996 using a ground-based backscattering lidar system operating, simultaneously, 
at 355 nm and 532 nm. Measurements have been carried out throughout the year 
around local noon hours and during extensive time periods. The different aerosol 
loads and their vertical extension in the urban lower troposphere, between the 
"warm" and "cold" periods over Thessaloniki are discussed Case studies of the 
diurnal evolution of the aerosol layer over the city of Thessaloniki have been 
examined under different meteorological conditions prevailing in the area. From 
the analysis of these studies the origin of the aerosol layer is indicated and the 
evolution of the boundary layer over the site is described Two cases are also 
presented, when dust lifted front Sahara desert was transported over the measuring 
site. The height of this layer was determined between 3-4 km and the optical depth 
at 532 nm of the Sahara dust layer was found to be of the order of 0.1. 

ADAPTIVE PARCEL ADVECTION 

M£itheJlandSJ.Pepler 
Rutherford Appleton Laboratory, chilton, Didcot, Oxon, OX11OQX. 
ENGLAND 
M.6itheU@rljic.uk /Fax: 444 (0) 1235 445848 

We present a method for performing trajectory analyses using an adaptive 
irregular mesh to allow refinement of the resolution of the flow. We keep 
track of nearest neighbours using Delaunay triangularion. Where parcel 
densities drop below a critical value, extra parcels can be added. Similarly 
parcels can be removed where the density exceeds a threshold. The critical 
value can be set using geographical information, (e.g. more parcels in the 
Northern hemisphere), dynamical quantities (e.g. shear in the flow field), 
tracer gradients, or other desired parameters. Arbitrary moving boundaries 
can be included to confine the parcels to a pre-defined region. Variable 
timesteps are incorporated to allow for the changes in resolution from place 
to place. The technique can be used in two or three dimensions. We compare 
two-dimensional results with contour advection calculations by 
concentrating the parcel density close to a fixed value of a tracer initialized 
using the potential vorticity on an isentropic surface. The potential for 
extension of the method to a full dynamical model will be discussed. 

I 

MODEL HIERARCHY FOR THE DETERMINATION OF METEO- 
ROLOGICAL AND CHEMICAL PROCESSES 

Susanne Bauer. Bärbel Langmann and Daniela Jacob 
Max-Planck-Institut für Meteorologie, D-20146 Hamburg 
susanne.bauer@dkrz.de 

The global, regional and local scale model hierarchy ECHAM-REMO-GE- 
STMA is being developed to improve the understanding of formation pro- 
cesses of photooxidants together with the changing oxidizing capacity of the 
atmosphere especially in the European/German area. The models are coupled 
every 6h (global-regional) up to 1 h (regional-local) by one-way nesting, mete- 
orology and chemistry is determined simultaneously (on-line). 
A summer smog episode in 1994 was chosen for a first application of the mes- 
oscale part of the model system (REMO-GESIMA). Preliminary results 
focussing on ozone prediction and scale dependence of several trace gas dis- 
tributions are subject of interest. For the future it is planed to use the complete 
model hierarchy for analyzing climate and emission szenarios based on global 
simulations with the climate model ECHAM. 

HIGH RESOLUTION FORECASTS OF POLAR STRATO- 
SPHERIC OZONE USING THE CANADIAN GLOBAL ENVI- 
RONMENTAL MULTISCALE MODEL 

G. Brunet (1), S. Gravel (2), M. Roch (3), P. Gauthier (4), S. Pellerin (5), N. 
Ek (6) and S. Edouard (1) 
(1,2,3,4,5,6) Meteorological Research Branch,  Environment Canada, 2121 
Trans-Canada Highway, 5th Floor, Dorval, Quebec, CANADA H9P 1J3. 
dalyClinmpi.Bpg.<U/Fax: [49] 5556 979 240 

Preliminary high resolution forecasts of polar stratospheric ozone are presented 
using the Global Environmental Model (GEM), an innovative model oper- 
ationally used at the Canadian Meteorological Center. Here we use it in a 
regional configuration where the resolution is focused over either one of the 
polar regions, to study the effect of resolution on a simple stratospheric ozone 
chemistry. Both the sensitivity to the horizontal and vertical resolutions are 
examined by considering uniform 50 km and 25 km horizontal meshes over the 
area of interest, and by increasing the number of vertical levels in the strato- 
sphere. The UKMO analyses are used to initialize the dynamical variables of the 
model while analyses based on total ozone data from the Global Ozone Moni- 
toring Experiment (GOME) provide the initial conditions for chemistry. These 
univariate analyses of ozone were obtained with a 3D-variational assimilation 
(3D-var) developed out of the CMC operational 3D-var. The EOF associated 
to these analyses are also presented to assess the quality of the assimilation 
system.' 

ON THE MODELLING OF CLIMATOLOGICAL CHARACTER- 
ISTICS OF PHOTOCHEMICAL SMOG IN BOHEMIAN BASIN 

J. Bednar, J. Brechler and T. Halenka 
Dept. of Meteorology and Environment Protection, Fac. of Mathem. and 
Physics, Charles University, V Holesovickach 2,180 00 Prague 8, Czech Rep.. 
toBas.halenkaOjafl.cuni.cz/Fax: [+420 2] 2191 2533 

The transport of air pollution on the regional scale (Bohemian region) is pre- 
sented. The results of Charles University puff model for the imission assessment 
are used to give information on the concentration fields of ozone, nitrogen ox- 
ides and other ozone precursors. Current version of the model covers up to 
16 compounds and it is based on trajectory computation using climatologi- 
cal wind roses and puff interaction both by means of Gaussian diffusion mixing 
and chemical reactions of species mentioned above. The alternative approach in 
terms of episodes studies can be solved as well, i.e. appropriate meteorological 
data can be used to estimate immision characteristics both for episodes analysis 
and, in case of connection to meteorological model forecast, the prediction of 
future air quality conditions. 

RELATIONSHIP BETWEEN METEOROLOGICAL PARAMETERS AND 
SYNOPTIC CONDITIONS WITH EPISODIC PERIODS AT SANTA CRUZ DE 
TENERTFE (CANARY ISLANDS) 

L. Canal, H. Alonsol, A. Diaz2, P. Sanchol 
1 Physics Department ULPGC. Las Palmas de Gran Canaria (Spain) 
2 Physics Department Universidad de La Laguna. Tenerife (Spain) 

Through the use of the data provided by an urban pollutant measurement station 
placed close to a refinery plant at Santa Cruz de Tenerife (Spant), several high 
pollutant concentration episodes have been analysed. The data provided by a captive 
balloon have been plotted on a Skew T u Log p thermodynamic diagram to describe 
the typical conditions of the lower layers of die atmosphere for each day analysed. 
Once these conditions have been determined, the synoptic patterns related to alt these 
situations have been identified. A S-SE wind flow related to a high-pressure area 
placed at the Saharian area gives a subsidence inversion at the lower layers of the 
atmosphere. Both features depict the typical conditions related to these episodic 
situations. 
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OBSERVATION OF ATMOSPHERIC BOUNDARY LAYER 
CHARACTERISTICS OVER AN URBAN SITE 

P. Castracane (I), M. P. Rao (2), S.Casadio (1), M. Cacciani (1), P.G. 
Caliss« (1) and G. Fiocco (1) 
(1) Dipartimento di Fisica, Univaersiti di Roma "La Sapienza", Roma, Italy, 
(2) Department of Physics, Andhra University, Visakhapatnam-530003, India. 
pcastraCg24ux.aci.nniromal.it 

The diurnal evolution of urban boundary layer over the central area of Rome 
was observed by the simultaneous and co-located operation of a Doppler sodar 
and a microwave ratiometer. The Doppler sodar was configured to provide a 
wind profile up to about 900 m for every 6 s with a height resolution of 27 
m, and a time-height picture of the thermal structure of the urban boundary 
layer. The radiometer provided a temperature profile up to 600 m for every 120 
s with a height resolution of SO m. The experiment was conducted for a period 
of 30 days in the years 1996 and 1997. Although the daytime urban boundary 
layer was mostly characterized by the development of thermal plume structures 
up to a height of about 700 m, the nocturnal urban boundary layer showed a 
variety of features including the occurrence of Kelvin-Helmholtz waves, solitary- 
type waves, multiple-layers, etc. The occurrence of surface-based inversions was 
found to be rare. The height of the urban boundary laye! r during night-time 
was around 300 m and was near-adiabatic to isothermal in character. Some 
typical case studies are discussed. 

SENSITIVITY OF OZONE PHOTOCHEMISTRY IN A 
POLLUTED AREA 

CHonorS and RVautard 
Laboratoire de Meteorologie Dynamique, Ecole Normale Supericure, Paris, 
France 
cecile@lmd.ens.fr 

We study the sensitivity of ozone concentrations in an urban area to several 
parameters using a chemistry-transport box model. First, the influence of 
meteorological factors such as mean wind intensity, cloudiness and mixed- 
layer height is examined. Then, various upstream emission rates of 
nitrogen oxides and hydrocarbons are considered. Finally, we take into 
account different vertical mixing processes - namely local vs non-local 
processes - within the urban boundary-layer using the transilient theory 
approach. The effects of these parameters are studied with respect to the 
mean chemical reactivity as well as the existence of low and nigh NOx 
photochemical states in the urban boundary-layer. 

A STUDY OF LAGRANGIAN TRANSPORT IN A WIND 
DRIVEN, 3-LAYER, EDDY-RESOLVING GENERAL CIRCULA- 
TION MODEL USING DYNAMICAL SYSTEMS THEORY 

C. Coulliette (1), S. Wiggins (1), S. Wiggins (1) and K. Ide (2) 
(1) Control and Dynamical Systems 107-81, California Institute of Technol- 
ogy, Pasadena CA 91125 USA, (2) Department of Atmospheric Sciences and 
Institute of Geophysics and Planetary Physics, University of California, Los 
Angeles, Los Angeles, CA 90095-1565. 
«igginsAcds. caltech. «du/Fax: 626-796-8914 

We study the flow obtained from a 3-layer, eddy-resolving general circulation 
model subject to an applied wind stress curl. For this model we will consider 
transport between the northern and southern "gyres" separated by a jet. We 
will focus on the importance of invariant manifolds in forming geometric struc- 
tures that govern transport. By "govern", we mean they can be used to compute 
Lagrangian transport quantities, both deterministic and statistical. We will 
consider periodic, quasiperiodic, and chaotic velocity fields, and thus assess the 
effectiveness of dynamical systems techniques in flows with progressively more 
spatio-temporal complexity. The significance of invariant manifolds as signa- 
tures of specific "events", such as rings pinching off from a meansering jet, will 
also be discussed. The relation of these concepts to potential vorticity dynamics 
be considered. 
This research is supported by the Office of Naval Research through contract 
number NOOO14-97-1-0071. 

STRATOSPHERIC OZONE, NITROGEN DIOXIDE and 
TEMPERATURE MEASUREMENTS at (44N, HE) DURING 1996-'97 

I.Kostadinov** ,G.Giovanellib, FJlavegnani', F.Evangelisti", PAgostini', 
V.Cuzzola', P.Bonasoni' 
■STIL- Bulgarian Academy of Science, Base Observatory., 6000 StaraZagora, 

Bulgaria, E-mail: ivan@o3.fisbatbo.cnr.it 
"FISBAT-CNR, Via Gobetti.101,40129, Bologna, Italy, 
«ENEA C.R. Brasimone, 40032 Camugnano (BO), Italy, E-mail: 
agostint@netbra.brasimone.enea.it 

The future trend of stratospheric ozone at mid and low latitudes is subject of 
increasing scientific interest It is a subsequent of the need to clarify better the ozone 
loses caused by the local processes from the loses invoked by horizontal or vertical 
transport or from other factors contributing to ozone depletion. 
The present paper deals with ground-base measurements of stratospheric ozone, 
nitrogen dioxide and temperature profile carried out during two years period. The 
stratospheric ozone and temperature data are collected by means of ECC and 
temperature sensors mounted on sondes, launched regularly at 
St.P.Capofiume(44.65N, II.5N ) WMO #297station. The lidar measurements at 
Brasimone (44.18N, 10.7E) supply upper stratosphere and low mesosphere 
temperature data. NOj data are provided from DOAS measurements in 407+460nm 
spectral interval, carried out in Bologna (44.5N, 11.28E) and MtCimone (44.2N, 
10.5E) 
The obtained experimental data are analysed and compared to satellite data and 
models predictions to look for transport and dynamic influence upon seasonal ozone 
variations. 

A comparison of flight measurements from Summer '97 with 
TOMCAT 
MauretteCahill1. RRPlantevin1, K.S. Law1, D.E.Shallcrossl, 
M.Chipperfield1, M. Evans1, JAPyle1, C. Gerbig2, H.Richer3, 
S.Bauguitte4, B.Bandy4, OMills4, S. Penkett4. 
'Centre for Atmospheric Science. University of Cambridge. UK 
2 Forschungszentrum Juelich, Juelich, Germany. 
3UK Meteorological Office, Bracknell, UK. 
4 University of East Anglia, UK. 
maurette@atm.ch.cam.ac.uk Fax 444 1223 336362 

In the summer 1997 a large number of aircarft flights took place over the North 
Atlantic ocean looking at the transport of pollutants from continental regions. 
The flights were for a number of campaigns including the NERC ACSOE. 
Measurements of important tropospheric species were made, including ozone, 
NOx, and carbon monoxide. Our Cambridge off-line 3-D tropospheric model, 
TOMCAT, was compared directly with the measurements made along flight 
tracks. TOMCAT has a detailed description of tropospheric chemistry. 
ECMWF meteorological analyses are used to force the model transport, for the 
period June to October 1997. 
The flights were made in airmasses of different origin exhibiting different 
chemical signatures. 

ATMOSPHERIC OZONE LINE OBSERVATIONS IN A FRE- 
QUENCY RANGE OF 90-110 GHZ. 

A.G.KisIyakov, D.V.Savel'ev and E.I.Shkelev 
State University, 23 Gagarin Ave, Nizhny Novgorod, 603600 Russia. 

The results of ozone line observations conducted at Nizhny Novgorod (Russia) 
during 1996-97 are presented. 3mm spectral line radiometer has been employed 
with the frequency resolution of 2 MHz and system noise temperature of 1200 K. 
4 ozone lines were observed with the resonant frequencies of 96228, 101736, 
103878 and 110836 GHz as the most intensive lines in operating waveband. 
Two first lines are observed systematically since February, 1996, till present 
time. The main objective of this project is to obtain the reciprocal intensities of 
ozone lines belonging to different transitions. Such measurements are supposed 
to be informative on the energy levels distribution of ozone molecules. In turn, 
this is important for an adequate estimation of ozone integral content and 
density profile. Average measured value of 101736/96228 line intensities ratio 
equals to 2.11±0.38 in comparison with its theoretical value of 1.8 (under LTR 
conditions). Two other ratios are 0.55±0.15 (103878 line) and 2.16±0.8 (110836 
line) as regards to the same 96228 GHz line. Corresponding theoretical ratios 
are 0.6 and 2.5. Under observations, a significant deviation in ratios from their 
mean values were revealed presumably due to changes in physical conditions of 
atmosphere. 
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The future trend of stratospheric ozone at mid and low latitudes is subject of 
increasing scientific interest It is a subsequent of the need to clarify better the ozone 
loses caused by the local processes from the loses invoked by horizontal or vertical 
transport or from other factors contributing to ozone depletion. 
The present paper deals with ground-base measurements of stratospheric ozone, 
nitrogen dioxide and temperature profile carried out during two years period. The 
stratospheric ozone and temperature data are collected by means of ECC and 
temperature sensors mounted on sondes, launched regularly at 
StP.Capofiume(44.65N, 11.5N ) WMO #297station. The lidar measurements at 
Brasimone (44.18N, 10.7E) supply upper stratosphere and low niesosphere 
temperature data. N02 data are provided from DOAS measurements in 407+460nm 
spectral interval, carried out in Bologna (44.5N, 11.28E) and MtCimone (44.2N, 
10.5E) 
The obtained experimental data are analysed and compared to satellite data and 
models predictions to look for transport and dynamic influence upon seasonal ozone 
variations. 

On the importance of horizontal resolution and mixing in 
the modeling of the impact of aircraft emissions 

J.-F. Lamarque and P.G. Hess (National Center for Atmospheric 
Research, P.O. Box 3000, Boulder.CO 80307-3000, U.S.A) 

Mixing in the atmosphere is critical for the chemical evolution of 
the air contained in a plume. In particular, if the mixing is much 
faster .than the timescale associated with chemistry, then it can be 
expected that the chemical state of the atmosphere will rapidly be 
equivalent whether the emissions were initially confined to a plume 
or instantaneously diluted. This dilution is implicitly related to 
the resolution at which the emissions are distributed in a model. 
Using a two dimensional chemistry/transport model, the problem 
of emissions mixing is' studied in application to aircraft emissions. 
The modeled impact of aircraft emissions is shown to be dependent 
on the horizontal resolution at which the emissions are input into a 
model. Over the scales and for the conditions studied, the artificial 
dilution of the emissions due to their inadequate representation 
in coarse resolution models enables a more efficient reaction from 
NOr (= NO + N02) to HNOr (= HN02 + HN03 + HN04). 

i 

TELLURIC LINE OF NaO AS AN INDICATOR OF ATMO- 
SPHERIC TRANSPORT 
A.G.Kislyalcov (1), D.V.Savel'ev (1), E.I.Shkelev (1), I.V.Lapkin (2), 
V.F.Vdovin (2) and V.L.Vaks (3) 
(1) State University, 23 Gagarin Ave, Nizhny Novgorod, 603600 Russia, (2) Ap- 
plied Physics Institute, 46 Ul'anov »tr-, GSP-120 Nizhny Novgorod, 603000 
Russia, (3) Institute for Micro Physics, GSP-105 Nizhny Novgorod, 603600 
Russia. 
Nitrous oxide rotational lines were calculated using modern in situ data on 
its vertical distribution in Earth's atmosphere. These lines width and inten- 
sity subject to variations due to changes in NjO density profile. In equatorial 
atmosphere, the mean value of line width equals to ~0.6 GHz insreasing up 
to —0.9 GHz at moderate latitudes. This is a sequence of stratosphere be- 
ing more rich of nitrous oxide in equatorial zone than at moderate latitudes 
owing to correspondent difference in convection. It implyes the NjO line pos- 
sible variations even at moderate latitudes, if the atmospheric transport has 
changed. This conclusion is supported with the results of N2O line observations 
conducted at Nizhny Novgorod (Russia) during March-May of 1997. A 3-mm 
spectral radiometer was employed with the system temperature as high as 1200 
K. The spectra were taken with 2 MHz resolution using the 30-channel filter 
spectrometer. Nitrous oxide rotational line (J=3-+4 transition corresponding 
to the resonant frequency of ~100,5 GHz) shows variations in its optical depth 
decrement measured at the frequency shift of 25 MHz from the resonance. Dur- 
ing the observations, the decrement has increased by 3-5 times thus implying 
the significant redistribution of NjO in a height region of 20-=-55 km. 

THE SWISS EPFL LIDAR IN THE EU WINTEX PILOT STUDY. 

G. Larchevtque, V. Simeonov, H. van den Bergh and B. Calpini 
EPFL, DGR - LPAS, CH -1050 Lausanne, Switzerland. 
bertrandcalpini@epfl.ch/Fax: ++41 21 693.5145 

The contribution of paniculate matters as Mie scatters on LiDAR measurements is 
know to be an efficient tracer for the planetary boundary layer (PBL) height and 
development in polluted regions. A similar approach was proposed for the wTNTEX 
study in March 97 at Marsta, Sweden, but for very clean boreal air conditions. In 
case of clouds covering at the height of the inversion layer, this aerosol LiDAR, 
operated at 532nm (total backscattered) and 355nm (polarized), could follow and 
retrieve this height, while in clear sky conditions, this PBL height tends to be more 
difficult to detect Different meteo conditions will be presented, in particular the 
increase of the mixing height in the early afternoon due to the solar wanning up of 
the ground. 

ENSURING ECOLOGICAL SAFETY OF MOTOR TRANSPORT IN URBAN 
OF CONDITIONS. 

T.S. Kozhanov, M. Kazimov, S. Bekbosinov 
Kazak State Agrarian University, Almaty 480100, av. Abai 8. 

Analysis of ecosystems condition is conducting: "Human being +■ car + environment" 
of a city as operating environment of motor transport Adaptation of operation and 
system parameters of a fuel supply system of engines of modern cars to the concrete 
condition of their operating are determined. Structure analysis of mathematical model 
was made. Foundation of schemes and parameters of pollution indicator of air filters 
of engine fuel supply system are given. Specified technical actions on raising of 
ecological safety of modem cars in conditions of city. 

AEROSOL STUDIES OVER NORTH ATLANTIC 

V. N. Lukashin (1), A.B. Isaeva (1), V.V.Serova (1), V.YU. Gordeev (1) and 
R. Stein (2) 
(1) P. P. Shirshov Institute of Oceanology, Moscow, (2) Alfred-Wegener- 
Institute fur Polar- und Meeresforschung. 

Concentration and composition of aerosols in the North Atlantic were stud- 
ied. There are data on particle sizes, contents of C, N, P, Si and Al, results 
of REM-EDAX analysis. It is showed that lithogenic component contents de- 
crease and organic increase when going off the continents. Comparing of mineral 
component fluxes from atmosphere to the sea surface with rate of sediment ac- 
cumulations ("absolute masses") on the floor evidences about important of the 
aerosols for the ocean sedimentation. 

C741 



COUPLING BETWEEN CHEMISTRY AND MIXING 
IN A SIMPLE REACTION DIFFUSION SYSTEM 

D. McKenna 
Institut für Stratosphärische Chemie (ICG-1), 
Forschungszentrum Jülich, Germany 
d.mckenna@fz-juelich.de/Fax: +49-2461-615346 

For many years the environmental concentration of OH has been estimated 
from the differential change in concentrations of hydrocarbons of differing activ- 
ity. The normal approach is based on the simplifying assumption that chemical 
and transport processes are seperated. However consideration of the continuity 
equation for a reactive species with source and sink terms leads to the conclu- 
sion that this simplifying assumption is not generally valid. In this paper new 
analytic solutions to some steady state diffusion equations will be presented 
and it will be shown that the seperability assumption of the observational OH 
studies is valid for all practical purposes. The concept of a coupling constant 
that is a simple function of the equation constants will be introduced. Finally 
it will be shown that when values of the coupling constant more appropriate 
to large scale numerical models are employed the likelyhood of interactions 
between chemical and mixing processes is much more likely. 

ALIPHATIC HYDROCARBONS IN AEROSOLS OVER CEN- 
TRAL ATLANTIC 

V. I. Peresypkin and V. N. Lukashin 
P. P. Shirshov Institute of Oceanology, Moscow. 

It was studied distribution and composition of the alkane-naphtene fraction of 
the organic matter in aerosol samples collected on cross-section from the Mid- 
Atlantic Ridge (15 N) to Dakar. Contents of the organic carbon vary from 0.84 
to 4.45 percents (dry matter), the hydrocarbons - from 91.0 to 1079 mkg/g, 
the n-alkanes - from 11.69 to 32.02 percents (from hydrocarbon content). Max- 
imums of C25 , C27, C29, C31, C35 and C39 indicating on presence of higher- 
plant wax dominate in distribution of the biomarkers-n-alkanes. Ratios Pr/Ph 
vary from 0.87 to 4.17, C10-C 22/C 22-C 40 - from 0.04 to 0.26, CPI - from 2.32 
to 6.29. Thus, the continents are source of the terrigenous lipids transported 
into central areas of North Atlantic by trade winds. 

GREENHOUSE GASES IN THE LMD-Z GENERAL CIRCULA- 
TION MODEL 

P. Mercier (Service d'Aeronomie, B102, Univ. Paris 6,4, place Jussieu, 75252 
Paris cedex 05, France) 
F. Hourdin (Laboratoire de Meteorologie Dynamique, B99, Univ. Paris 6, 4, 
place Jussieu, 75252 Paris Cedex 05, France) 
O. Boucher (Laboratoire d'Optique Atmospherique, UFR de Physique, Bat P5, 
Universite de Lille I, 59655 Villeneuve d'Ascq Cedex, France) 
M. Pham, D. Hauglustaine, C. Granier (Service d'Aeronomie, B102, Univ. Paris 
6, 4, place Jussieu, 75252 Paris cedex 05, France) 

In order to investigate the climate efTect of greenhouse gases in an interactive 
way, greenhouse gases have been introduced in the new version of the general 
circulation model LMD-Z developed by the Laboratoire de Meteorologie Dy- 
namique (LMD). 
This preliminary study presents the distributions of CH4, N20, CFC11, and 
CFC12 as simulated by LMD-Z. 
Surface emissions map for these gases are provided by the up-dated emissions 
inventories of GEIA and EDGAR. 
In this version, chemical and photochemical sinks of the concerned species are 
calculated off-line with the IMAGES (Intermediate Model for the Annual and 
Global Evolution of Species) OH distributions and the photodissociation tables 
obtained with the model MOZART (Model of OZone And Related chemical 
Tracers). Wet and dry deposition are also taken into account. 

SIMULATION OF TRACE-GAS DISTRIBUTIONS WITH THE UTUC 3-D 
ATMOSPHERIC CHEMICAL-TRANSPORT MODEL AND COMPARISON OF 
SOURCE GAS DISTRD3UTIONS WITH OBSERVATIONS 

E. Rozanov. V. Zubov, M. Schlesinger, F. Yang and N. Andronova 
University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA 
rozanov@atmos.uiuc.edu 

The study of the interaction between climate and chemistry requires the development of 
fast and accurate submodels that describe photochemical processes and gas transport in 

■ the atmosphere. Due to computer time constraints, a number of parameterizations have to 
be used in such submodels. Accordingly, a detailed validation of the chemical and 
transport routines should be carried out One of the best ways of validation is to compare 
the simulated gas species distributions with satellite climatological datasets. Here we 
present the 3-D UIUC Atmospheric Chemical Transport model. The model consists of 
three submodels: (1) A hybrid transport routine, (2) a photochemical routine, and (3) 
circulation fields generated by the our 3-D 24-layer AGCM. The results of an 8-year 
steady-state model run are analyzed and the distributions of the long-lived species are 
compared with appropriate HALOE and CLAES datasets. The simulated monthly zonal- 
mean mixing ratios of long-lived species are in reasonable agreement with observational 
data. The correlation between the simulated and observed distributions of long-lived 
species and the tracer-to tracer correlation show the very good overall performance of the 
model. 

LIGNIN AND PHENOLS IN AEROSOLS OVER CENTRAL AT- 
LANTIC 

V: I. Peresypkin and V. N. Lukashin 
P. P. Shirshov Institute of Oceanology, Moscow. 

It was researched distribution and composition of the lignin and phenols over 
the Central Atlantic on cross- section (15 N). Content of the identified phenols 
varies from 35.6 to 588 mkg/g in air-dried matter (2.06-8.09 percents from 
organic carbon). Calculated content of lignin in the samples is from 83.5 to 
3645 mkg/g (16.7-51.9 percents from organic carbon). Prevalence of the p- 
hydroxyl structures above the vanillin and syring ones is observed in all samples 
excluding the sample collected near Cape Verde Islands. That relation indicates 
on transportation by the air masses of large quantity of the plant sporopollenin 
in which p-hydroxyl structures are dominated. Vanillyl and syringyl structures 
are in the particles of the higher plant. All noticed components fall on the 
sea surface and through water column to the bottom sediments, where are 
preserved for a long time. 

tlnvestigation of high pollution episodes in background regions 

iSergey V.  Chereshnuk (Moscow State Univercity, Lenin hills, 
Moscow, 
Russia) 

The idea of this study was to investigate high pollution episodes in 
background regions for most anthropogenic substances Pb, Hg, Cd 
and benz(a)piren. The study was performed for Borovoe (North 
Kazahstan) and Lesnoe (Russia) stations. 
In the work statistics was calculated, and back trajectory was selected 
which meets high concentrations. 
As a result a relationship between concentrations at observation site 
and  spatial  source  distribution  was  found,  and  environmental 
conditions in two background regions was compared. 
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MODELLING THE TURBULENT DISPERSION OF 
POLLUTANTS IN CITY STREETS 

L. Soulhac and R.J. Perkins 
LMFA/ECL, Ecully - France. 
aoulhacCmecaflu.ec-lyon.fr/Fax: [+33] (0)4 78 33 13 80 

We need to be able to compute the concentration of atmospheric pollutants 
in city streets so that we can estimate the impact of such pollution on the 
inhabitants, so that we can interpret the point measurements provided by static 
pollution monitors and so that we can estimate the flux of pollutants emitted by 
the urban environment into the external atmospheric boundary layer. In many 
practical cases it is possible to idealise a large street as a long, quasi-2D cavity 
bounded by relatively large buildings. The flow within the cavity is then driven 
principally by the wind blowing over the top of the cavity, and consists of one 
or more eddies (depending on the aspect ratio of the cavity) trapped within 
the cavity. This type of representation is known as a 'street canyon' model. 
We have developed a new street canyon model which is intermediate between 
large CFD codes and empirical expressions for the concentration of pollutants. 
The basic principle of the model is that the flow inside the cavity is computed 
using a combination of potential flow and fixed, point vortices. The transport 
and dispersion of material within the cavity is modelled by the advection- 
diffusion equation, solved by using a conformal transformation to map the 
physical domain onto the <t> - $ plane, where we can use standard solutions of 
the equation. This model gives very good agreement with experimental results 
for the concentration field in the cavity. 

THE ROLE OF REGIONAL TRANSPORT IN URBAN PHOTO- 
CHEMISTRY 

R. Vautard and M. Beekmann 
Laboratoire de Meteorologie Dynamique, Ecole Normale Superieure, Paris, 
France. 
vautard01md.ens.fr 

The influence of long-distance transport of ozone and its precursors from remote 
areas on the photochemical smog formation is examined in different respects. 
First we demonstrate that it is a dominant effect in the Paris area, which allows 
one to doubt about the impacts of local traffic restrictions during these episodes. 
Second we examine in a more general manner the modifications of the local 
chemical regimes induced by this long-distance transport and show that nox- 
sensitive photochemical production can happen in certain circumstances even , 
over a large city. We also examine the predictability of the ozone concentrations 
according to the previous considerations. 

OA22 Biogeochemical   processes   in   submarine 
hydrothermal systems along the Hellenic 
Volcanic Island Arc 

Convener: Varnavas, S. 
Co-Convener: Dando, P.R. 

DEEP SUBMARINE GAS VENTS IN THE AEOLIAN OFFSHORE 

G. Etiope (1), F. Italiano (2), JX. Fuda (3), P. Favali (1), F. Frugoni (1), M. Calcara 
(I). G. Smriglio (1), Marani M. (4) 
(1) ING. Roma, (2) IGF-CNR, Palermo, (3) LOB, Marseille, (4) IGM-CNR 

Consistent results, concerning the detection of hydrothermal vents in 300-500m 
water-depth, were obtained during two different cruises (1991 and 1996) offshore the 
Aeolian islands, by down-to-bottom CTD and water-sampling casts. Sea-water was 
collected in 10-L Niskin-type bottles mounted on a rosette in association with a 
Seabird CTD, a Seatech 0.25-m-pathlength transmissometer and a Datasonics 
altimeter. Thanks to the shipUs echo sounder, two events were recognised: the former, 
in 1991, produced a wide plume, inside which water samples were taken, but no 
anomalies were detected, excepting forNH4+ content, which highlights the presence 
of a water-vapour phase; the latter, in 1996, was observed as a plume diffusing 
horizontally at about -350m. No significant temperature/salinity anomalies were 
evident during both events. The near-fumarole casts taken in 1996 are characterised by 
disturbed light transmission profiles, as well as by Rfalse-bottomS outputs appearing 
at -300-350 m down to the seafloor from the rosette-mounted altimeter. High C02 
and CH4 and low 02 seawater concentrations were observed in correspondence with 
the detected anomalies. These preliminary results allow to discriminate the geothermal 
origin of the released fluids from an organic one. Accordingly a series of geological 
and environmental implications (e.g. the relationships with seismic and volcanic 
activity) will be the object of further investigations. 

THE INFLUENCE OF HYDROTHERMAL PROCESSES TO 
THE LIPID COMPOSITION OF SEDIMENTS FROM THE HY- 
DROTHERMAL AREA NEAR THE CAPE VERDE ISLANDS 

O. A. Alexandrova 
P.P.Shirshov Institute of Oceanology, 36 Nakhimovsky pr., 117851, Moscow, 
Russia. 
olgaewave.sio.rssi.ru/Fax: [7] (095) 124 5983 

Sediment samples from the Cape Verde Islands basin and nearby hydrothermal 
area taken during the 1995 RV "Akademik Mstislav Keldysh" expedition were 
investigated for the amount and composition of their lipids. Sediment lipids 
(hydrocarbons, polar lipids, sterols. wax esters, sterol esters, free fatty acids 
and triacylglycerols) were analysed by means of Iatroscan device. First results 
on the lipid distribution in long sediment cores indicate a significant terrigenous 
input (the high wax ester content) at the upper layers of sediment column (to 
the 100 cm depth). The substantial change of lipid composition on the 195-205 
cm horizon is probably caused by the change of sedimentation conditions. Below 
this layer the lipid composition shows a significant influence of marine source 
of organic matter. All lipid samples demonstrate the high degree of microbial 
alteration. In particular it is found for the samples from hydrothermal area, 
where intensive biogeochemical processes lead to the higher degree of organic 
matter transformation. 

HYDROTHERMAL PLUME COMPOSITION AND DISTRIBUTION 
SOUTH OFF MILOS, AEGEAN SEA, GREECE 

R. Kölbl(l), D. Stuben (1), S. Aliani (2), andP. Dando (3) 
(1) Institute for Petrography and Geochemistry, University of Karlsruhe, 
(2) Stazione Ozeanografica, LaSpezia, 
(3) School of Ocean Sciences, University of Wales, Bangor 
richard.kolbl@bio-geo.uni-karlsruhe.de/Fax: +49 721 697328 

The known intense hydrothermal activity on the sea floor around Milos emits large 
amounts of hydrothermal fluids which change the physical and chemical parameters 
of the sea water in confined plume regions, especially in respect to chemical 
composition of trace and main elements, temperature, pH, conductivity and particle 
content. During several field trips in 1996 and 1997. suspected plume regions have 
been monitored and measured by different methods such as the towed sensor 
package MINIBAT, CTD, moorings with sediment traps and current meters. 
Combined with chemical analyses of water and paniculate samples, the data provide 
an outline of the distribution and buoyancy state of the hydrothermal plume and of 
the ratio of hydrothermal fluid to sea water. Furthermore, fluid-sea water reactions, 
particle fall out and scavenging of trace elements can be assessed. 
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HYDROCARBONS IN BOTTOM SEDIMENTS OF THE HY- 
DROTHERMAL FIELD AT 14045'N ON THE MID-ATLANTIC 
RIDGE 
V. I. Peresypkin, A. V. Alexandrov and V. Yu. Gordeev 
P. P. Shirshov Institute of Oceanology, Moscow. 

The distribution and composition of alkane- naphtenic hydrocarbons (HC) in 
two samples of bottom sediments taken in the hydrothermal zone at 14 45'N" 
on the Mid-Atlantic Ridge have been investigated. The first sample (column 
of bottom sediments) was selected by gravity corer, another sample was taken 
using the "Mir" submersibles directly near to the "black smoker". The contents 
of HC in the column varies from 0.18 mkg/g up to 1.98 mkg/g of a dry deposit 
or.from 0.01 organic carbon (Corg), and in the sample "Mir" - 0.32 mkg/g or 
0.01 1.2 up to 1.7). The concentration of Corg varies from 0.05 samples GC 
data reveal the presence of naphtenic HC. In the upper (0- 10 cm.) layer the 
increasing of high-molecular alkanes share is observed. The common configu- 
ration and smooth character of the distribution n-a!kanes C21-C39 reminds a 
curve petroleum HC distribution. It may be caused by migration of petroleum 
HC with hydrothermal fluxes. The high concentration of naphtenic HC in com- 
pare with n- alkanes C21-C39 and CPI-index testify to a high degree of organir 
matter transformation as the result of thermocatalytic processes in the upper 
layer of the bottom sediments. 

COMPOSITIONAL AND MORPHOLOCICAL CHARACTERISATION OF 
PARTICIPATE MATTER IN HYDROTHERMAL FIELDS OF THE HELLENIC 

VOLCANIC ARC. 

S.P.Varnavas. P.S.\legalovasilis. P.Panagiotaras andP.Dando. 
University of Patras. Department of Geology. Patras Greece. 
S.P.\"ama\as(S.upatras.gr Fax:+30 61 9977Ö0 

Hydrothermal waters have been collected by scuba diving from the following submarine ' 
hydrothermal fields along the Hellenic Volcanic Arc:"i) Offshore Methana on the 
western sector of the Arc ii) Palaeochori Bay. Milos iii) Voudia Bay. Milos. iv)Kephalos 
Bay. Kos and v) Bros Thermi. Kos. The waters were filtered in the field using a vacuum 
pump system and membrane filters of 0.45um pore size. At representative vents, 
sampling was carried out at different times of the day. Paniculate matter separated on 
the membrane filters Mas described morphologically and was analysed for certain 
elements such as Fe. Mn. Cu. Pb. Cd.. Ba. Sr. C'a" Al   and Li. 
Gas flow and waterflow measurements were also carried out during sampling. 
Additionally, in situ measurements for pH. conductivity, dissolved oxygen and 
temperature were undertaken. The spatial and diurnal compositional variability of 
paniculate matter is investigated in relation to the morphological and geological setting 
of the hydrothermal field along the Hellenic Volcanic Arc. 

HYDROTHERMAL ACTIVITIES IN THE SARONIC GULF AND IN 
THE KOS-YALI WATERS, GREECE 

S. Rahner (1), P. Halbach (1), M. Priebe (1) and S.P. Vamavas (2) 
(I) Freie Universität Berlin, Fachbereich Rohstoff- und Umweltgeologie, (2) 
Department of Geology, University of Patras, Greece 
srahner @zedat.fu-berlin.de 

Geochemical and tectonic investigations on marine' sediments were carried 
out in the Saronic gulf offshore Methana peninsula and near Moni island in 
the western part of the Hellenic Volcanic Island Arc and in the eastern part 
between the islands Kos and Yali. Regions of hydrothermal activity are either 
related to single fault lines or to intersections of fault systems. Prior to the 
field work, the tectonic structure in the marine environment and their 
extensions into the islands were studied to select the sampling areas. The 
results of the geochemical analyses suggest increased hydrothermal activity 
in an area between Methana and Moni and in Thiafi bay east of Methana. 
Significant increase in Fe, Cu, Zn, Ba, P and S takes place in this area. In 
Thiafi bay, methane emanations take place in shallow waters. Moreover, the 
rocks at the shore are intensively altered by sulphuric solutions. In the eastern 
part of the volcanic arc, a hydrothermal field is present south of Yali island 
and at Kephalos Bay near Kos island. Here we report as preliminary results 
significant increases in As, Zn and Cu compared to the other study areas. 

GEOCHEMICAL GRADIENTS AND BIOGEOCHEMICAL PROCESSES IN 
SEDIMENTS AT HYDROTHERMAL VENTS OFF MILOS, AEGEAN SEA 

W. Ziebis, S. Forster, R. Boerner, S. Menger 
Max:Planck-lnstitute      for      Marine      Microbiology,      Department     of 
Biogeochemistry, Bremen 
wziebis@mpi-bremen.de/Fax: +49-421 -2028-690 

Selected shallow water hydrothermal vent systems in Paliochori Bay, off the 
island Milos in the Aegean Sea, were characterized in terms of the 
geochemical gradients in the permeable sedimentary environment and the 
transport processes across the sediment-water interface. The effect of the 
physical and geochemical conditions on the formation of chemical 
precipitates or bacterial mats at the sediment surface in the vent surrounding 
and on temperature controlled mineralisation processes (i. e. sulfate 
reduction rates, NH4 production, _C02 release) was investigated. 
In-situ measurements of temperature, pH, redox-potential, H2S and O2 
confirmed the shallow vent sites to be extreme environments of low pH and 
high temperature. The outflow of gas or hot fluid through the permeable 
sediment induced a convection cell of pore-water entrainment from deeper 
sediment layers to the surface and into the water column. Nutrients, metals, 
H2S and CO2 were transported upward from the sediment across an area of 
4 m diameter around a single vent. The outflow was compensated by an 
inflow of oxygen rich water in an area surrounding the vent like a ring at 2 m 
distance to the centre. These geochemical conditions were reflected in the 
type and structure of precipitate or mat framing on the sediment surface. The 
unique setting of increased temperature and pore water transport not limited 
by diffusion significantly enhanced remineralization rates in certain areas. 

ST15 Atmospheric ozone (joint with OA) 

Convener: Hirschberg, M.-M. 

01 Modelling and validation with satellite data 

Convener: Vardavas, I.M. 
Co-Convener: Taylor, F.W. 

Measurement of middle atmospheric trace gases from the 
Sub-Millimeter Radiometer instrument aboard the Odin 
satellite. 

Ph. Baron. Ph. Ricaud, J. de La Noe' 
Bordeaux Observatory, Floirac, France 
baron@observ.u-bordeaux.fr/Fax:+33-5-57-77-61-55 

The Odin satellite is a common project to Sweden, France, Canada and 
Finland, with the main characteristics to observe alternatively the 
middle atmosphere and astrophysical sources. Two instruments will be 
operated onboard : the Sub-Millimeter Radiometer (SMR) consists of 
five microwave radiometers in millimeter and sub-millimeter 
wavelength ranges and an Optical Spectrograph and Infrared Imaging 
System (OSIRIS) will operate in uv-visible and infrared wavelength 
ranges. The launch is foreseen in October 1998. The atmospheric limb 
will be scanned from 10 to 100 km. The sub-millimeter emission lines 
of trace gases will be measured at frequencies ranging from 480 to 580 
GHz. We present the Odin mission and the sub-millimeter retrieval 
algorithm based on the Optimal Estimation Method. The 
characterisation of the errors and their impacts onto the retrieved 
profiles are also discussed. Retrieval budgets for O3, CIO, H2O, 
HNO3 are finally shown. 
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THE MSDOL PROJECT: ASSIMILATION OF GOMOS OZONE DATA IN 
A 3-D CHEMISTRY-TRANSPORT MODEL 

JJ-Bertauxfl). A.Hauchecome (1), A.Mangin (2), C.Cot (1), O.Talagrand (3), 
P.Simon (4), E. Kyrblä (5), H. Roscoe (6), O. Hembise (2), and G-P-Brasseur (7) 
(1) Service d'Aeronomie, BP 3, Verrieres le Buisson, France, bertaux@aerov 
jussieu.fr, (2) ACRI, 260,route du Pin Montard, 06904 Biot, France, am@acri.fr, 
(3) LMD, rue d'Ulm, Paris 5eme, (4) IASB, 3, Avenue Circulaire 1180, Bmxelles, 
Belgique, pauk@oma.be, (5) FMI, Vuorikatu 24, 503, SF 00101 Helsinki 
Finlande, erlcki.kyrola@fmi.fi, (6) BAS, Madingley Road, Cambridge, UK, 
hkro@pcmail. nerc-bas.ac.uk, (7) NCAR, P.OJBox 3000, Boulder, Colorado 
80307-3000.USA 

In the frame of the preparation of the use of ENVISAT data, the Environment and 
Climate Programme of the EEC is supporting the MSDOL project: Monitoring of 
the Stratospheric Depletion of the Ozone Layer. The purpose is to assimilate the 
400 vertical profiles of Ozone recorded each day by the experiment GOMOS in a 
3-D chemistry-transport model, where the winds are derived from the ECMWF 
analysis for the lower part of the stratosphere. The sequentially assimilated model 
will better represent the reality since all single measurements are extrapolated in 
time through chemistry and transport. The assimilated model will serve at least two 
purpose : the comparison with other data sets, and the estimate of the evolution of 
ozone as a function of time and space. 
The 3-D model is derived from the stratospheric chemistry-transport Rose model, 
in which the internally generated dynamics is replaced by the actual wind field. 
The first results with simulated GOMOS data will be presented. 

OZONE VERTICAL DISTRIBUTIONS FROM GOME/ERS-2 
SATELLITE DATA - II: OBSERVATIONS IN THE ARCTIC WIN- 
TERS 1996/97 AND 97/98 

K. Bramstedt, M. Weber, V. Rozanov, R. Hoogen, R. de Beek, J.P. Burrows 
and K.-U. Eichmann 
Institute of Remote Sensing, University of Bremen, D-28334 Bremen, Germany. 
•ichmann«goiMS.physik.uni-breiien.de/Fax: [49] 421 218 4555 

The discovery of the Antarctic ozone hole in 1985 led to much scientific and 
public debate. A similar 03 loss above the Arctic was initially considered less 
likely because of the different dynamics of the Arctic polar vortex. 
The retrieval program FURM, developed at the Institute of Remote Sensing in 
Bremen, is used to derive vertical ozone profiles from GOME satellite data on 
a near-global scale. Observations of the ozone content in different layers of the 
atmosphere for the Northern hemisphere during the Arctic winters 1996/97 and 
1997/98 will be presented and discussed. By correlating the ozone distribution 
to meteorological parameters and to the distribution of other trace gases it 
is possible to attribute ozone variations to dynamical and/or chemical causes. 
The measurements of winter 96/97 seem to indicate that processes similar to 
those leading to the Antarctic ozone hole can take place in the Arctic. 

INVERSION OF OZONE PROFILES FROM HIGH RESOLU- 
TION IASI SPECTRA. 

D. Blaison f 1). F. Karcher (1) 
(1) CNRM, Meteo France 42 Av. Gustave Coriolis, 31057 Toulouse 
Cedex, France 
blaison@cnrm.meteo.fr/Fax: +33-561079610 

The method used to extract ozone profile is based on the minimization 
of observed and calculated spectra in the 9.6 micron ozone band. The 
aim of the inversion is to estimate the profiles' accuracy and height 
resolution achievable with IASI spectra. Synthetic spectra calculated 
with the 4A-93 line by line model and transformed by the instrumental 
transfer function are used as observations. Inversions in tropical and 
mid-latitude conditions provide relative accuracies of 10% over a set 
of nine layers. 

EFFECT OF HOBR ON CATALYTIC DESTRUCTION OF 
OZONE IN THE LOWER STRATOSPHERE OF MIDLATI- 
TUDES, MODEL STUDIES INITIALIZED WITH UARS/HALOE 
DATA 

Ch. Brfihl (1) and T. Ingham (2) 
(1,2) Max Planck Institute for Chemistry, 55020 Mainz, Germany. 
chbCmpcIi-mainz.iapg.de 
A photochemical box model on trajectories initialized with UARS/HALOE 
data for ozone and key species setting constraints to its catalytic destruction 
cycles is used to look for the sensitivity of ozone net destruction rates to the 
photolysis of HOBr including heterogeneous chemistry. Here we use the faster 
photolysis rates recently measured in our laboratory and compare that with 
older recommendations and a case where HOBr is neglected at all. It is demon- 
strated that especially in case of large sulfate aerosol surface density (Pinatubo) 
the effect of bromine induced reduced NOx and enhanced HOx significantly in- 
creases the net ozone destruction rates. Examples will be given for different 
years from 1992 to 1997 with focus on midlatitude summer. Preference is given 
to cases where the forward trajectories match the locations of other HALOE 
observations for validation. 

Stratosphere-Troposphere exchange: case studies recorded it MlClmone 
during VOTALP project 

P. Bouasonl (1). F. Evangelist! 11), V. Bonnie (1), H. reldmann (2), M. 
Memmeshelruer (21. A. Sthol (3), L. Tosllli (4), I.. H. Kromp-Kolb (!) 

(IICNK - FISBAT, Bologna. Italy 
(2) EtRAD, Cologne, Germany 
(3) [AfU, Munich, (Jermany 
(41CRA-UNIBO, Bologna, Italy 
(5) BOKi:, Vienna, Austria 

In order to point nut and study the stratospheric/upper tropospheric tranapurt 
or ozone rich air masses In the lower troposphere, continuous measurements of 
several parameters are undertaken at four mountain peaks, Jungfraujnch, 
SonnbUck, Zugspit/e and MtClmonv during the European Community 
VOTALP project (Vertical Ozone Transports in the Alps). 
Several high values or surface osnne concentration due to vertical 
stralMpheriC'tropusphcric exchange have been recorded In these mountain 
peak-stations. This work presents and analyses data concerning the MtXImone 
ground'based station, which Is the highest peak of the Italian Northern 
Apennines and the most rcpresentatlie VYMCCAW site In Italy. 
Episodes uf vertical exchange In the lower stratosphere, as tropopause folding, 
or in the upper troposphere, us down draft transport, have been recorded at 
MtXImone since march 1996 and subsequently studied. In (act the comparison 
between the trends of different background trace gases at a mountain baseline 
station, the weather situations and the backward trajectory analyses can bring 
to light these events and can be very useful for a netter knowledge of transport 
phenomena. 
Correlation between high level of ozone concentration, chemical and 
meteorological parameters and three-dimensional backward trajectories 
relative to same events are shown. 

TROPOSPHERIC OZONE AND ITS PRECURSORS: IMG MEA- 
SUREMENTS AND ATMOSPHERIC MODELS 

C. Clerbaux (1), D. Hauglustaine (1), J. F. Mller (2) and C. Granier (1) 
(1) Service d'Aeronomie du CNRS, IPSL, Paris, France, (2) Belgian Institute 
for Space Aeronomy, Brussels, Belgium. 
ccldaero.jussieu.fr 

Global scale measurements of infrared absorbing trace gases were per- 
formed by the IMG remote sensor, which was launched onboard the ADEOS 
platform in August 96 and stopped operating after 10 months. IMG uses a 
Fourier transform interferometer to record the terrestrial thermal infrared 
radiation and provides atmospheric spectra from which O3, CO and CH» may 
be measured. The nadir-viewing mode of the instrument allows to retrieve 
total column amounts each 86 km along the track of the satellite. 

These measurements have been compared to the results provided by the 
three-dimensional chemistry-transport models IMAGES and MOZART. The 
differences between measurements and models have been analyzed for O3 and 
its main precursors CO and CH4, and the possible sources of discrepancies 
will be discussed. 
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CALCULATING THE FUTURE DEVELOPMENT 
OF THE OZONE LAYER WITH A DYNAMIC- 
CHEMICAL GCM 

M. Dameris, V. Grewe, R. Hein, C. Schnadt (DLR, Institut für 
Physik der Atmosphäre, Oberpfaffenhofen, D-82230 Weßling, Ger- 
many) 
C. Brühl, B. Steil (Max-PIanck-Institut für Chemie, D-55020 
Mainz, Germany) 

The coupled dynamic-chemical general circulation model 
ECHAM3/CHEM is employed to estimate the possible future de- 
velopment of the stratospheric ozone layer. For the year 2015, 
the adopted increase of greenhouse gas concentrations and the 
corresponding modification of the sea-surface temperature lead to 
a warming of the troposphere and a cooling of the stratosphere. 
Considering the decrease of chlorofluorocarbons in the model at- 
mosphere, which follows the agreement of Copenhagen (1992), the 
assessment for the year 2015 indicates that the ozone layer will 
not homogeneously recover. Whereas in low and mid-latitudes an 
enhancement of ozone mixing ratios is obvious, no significant in- 
crease of stratospheric ozone is found in the polar regions during 
spring time, especially over the Antarctic. 

SIMULATION OF THE ATMOSPHERIC OZONE DISTRIBUTIONS WITH THE 
2-D MODEL AND VALIDTIONS WITH HALOE AND TOMS DATA 

T.Egorova. V.Zubov, S.Yagovkina, E.Rozavov 
Main Geophysical Observatory, S.-Petersburg, Russia 
e-mail: rozanov@atmos.uiuc.edu 

A two dimensional model of radiative, dynamical and photochemical processes 
in the stratosphere has been developed and used for study of the atmospheric ozone 
distributions. The model calculates stratospheric wind velocity components, air 
temperature and humidity; short- and long wave radiation fluxes, chemical species source- 
sink intensities and concentrations. Temperature, humidity and circulation in the 
troposphere are prescribed and taken from observations. Chemistry module calculates 38 
species concentrations. The 16 long lived gases are transported. The fully implicit 
Newton-Raphson method is used for 22 short lived species. The heterogeneous reactions 
in/on sulfate and PSC particles are taken into account. The results of numerical 
simulations are compared with the HALOE measurements and the TOMS data. The 
comparison of the simulated and the HALOE stratospheric Oj data has been made in 
tropical, mid, and high latitudes for all seasons. It shows that the overall agreement 
between model and measured fields is within 5-15% for almost whole stratosphere except 
the high latitudes of the winter hemisphere. This disagreement is a common problem for 
all 2-D models, which can not reproduce the planetary and gravity wave breaking 
processes over the high latitudes. The comparison of the simulated total ozone and TOMS 
data also will be presented. 

THE VISUALIZATION AND VALIDATION OF GOME (ERS-2) TOTAL 
OZONE MEASUREMENTS USING GIS TECHNOLOGY 

Dmitry Vv Ionov, Yuri M. Timofeyev [1], Victor V. Ionov[2], Arcadij M. 
Shalamiansky[3] 
[1] Department of Atmospheric Physics, Research Institute of Physics, 
[2] Division of International Baltic and Arctic Projects, St. Petersburg State 
University, 
[3] A.I.Voeikov Main Geophysical Observatory 

A comparison of limited set of ground-based (ozonometer M - 124) and satellite 
(GOME instrumentation, ERS-2) total ozone measurements over the northern-west 
and central regions of Russia in July and September-October of 1996 was 
accomplished. Satellite measurementssystematically underestimate the total ozone in 
comparison with ground-based measurements, on the average, by 17-34 DU, 
depending on the comparison conditions. Permanent control of the quality of total 
ozone measurements testify to a lack of systematical measurement scale shift at the 
north-western Russian stations. Therefore it should be concluded that there is a 
systematical scale shift of the GOME total ozone measurements. 

LIGHTNING PRODUCTION OF NOx AND ATMOSPHERIC OZONE 

T.Eporova. VJZubov, S.Yagovkina, E.Rozavov 
Main Geophysical Observatory, S.-Petersburg, Russia 
e-mail: rozanov@atmos.uiuc.edu 

For tropospheric chemistry lightning is a major source of NOx. NOx in 
turn affects the concentration of ozone in the atmosphere, which is an important 
greenhouse gas. In this study we estimated lightning production of NOx and its 
influence on distribution atmospheric ozone in the upper troposphere and the low 
stratosphere depends on global source strength. A two dimensional model of 
radiative, dynamical and photochemical processes in the stratosphere has been 
developed and used for. The transformations of 38 species are calculated in the 
chemical part of the model with Newton-Rafson scheme. About 100 gas-phase and 5 
heterogeneous reactions on sulfate and PSC particles are included in the model. We 
compare NOx and NOy simulated by our 2-D model with available observations to 
choose suitable global lightning source of NOx. NOx produced by lightning flashes 
are distributed by latitude, altitude and season variations. Having generated our two- 
dimensional, time-dependent relative distribution of NOx emissions by lightning, we 
have made preliminary experiments with different total source of NOx (2-20Tg/year). 
It shows that concentrations of NOy and O, almost independent on global source 
strength of NOx in the stratosphere, but very important for upper troposphere. 

MODELED OZONE TRENDS 

I. G. Dyominov and A. M. Zadorozhny 
Novosibirsk State University, 630090, Novosibirsk, Russia. 
dyominovephys.nsu.ru/Fax: [7] 3832 397101 

A two-dimensional dynamical radiation-photochemical model of the tropo- 
sphere and the stratosphere that embraces aerosol physics is used to examine 
the changes of ozone layer of the Earth occurring during the last 20 years. 
These changes are caused by anthropogenic atmospheric pollution, solar cycle 
variations of UV radiation flux, and sulfate aerosols from volcanic eruptions 
and regular flights of commercial aircraft. We show that the resulting effects 
of all the above factors is a negative ozone trend in the entire stratosphere. 
This trend is most significant in winter in the polar Northern and Southern 
areas. For example, for the 50"N - 60° JV region at 45km altitude, the ozone 
trend is about -8% to -9% per decade. This trend fairly agrees with the ozone 
trend observed with SBUV and SBUV/2. The model values for the global an- 
nual average of total ozone (GAATO) computed for the range between 65°S 
and 65°JV are in the good agreement with the experimental GAATO data ob- 
tained with TOMS during the period of 1979 through 1994. We show that the 
GAATO trend caused by anthropogenic atmospheric pollution is about -2.8% 
per decade. The solar UV flux variations in the course of the 11 year solar 
cycle contribute ±0.6% in maximums (about 1.2% from the solar maximum to 
the minimum of the cycle). The sulfate aerosol increase as a result of the El 
Chichon and Mount Pinatubo eruptions leads to the local GAATO changes in 
1983 and 1992 about -1.6% and -2.7%, respectively. 

APPLICATION OF MONTE CARLO SIMULATION OF MULTI 
SCATTERING RADIATION TRANSFEREE TO ERROR ANALY- 
SIS OF EXTENDED BREWER UMKEHR METHOD FOR OZONE 
PROFILE DETERMINATION 

N.F.Elansky (1), O.V.Postylyakov (1) and I.V.Mitin (2) 
(1) Institute of Atmospheric Physics, Pyzhevsky per. 3, Moscow 109017, Rus- 
sia, (2) Moscow State University, Vorobjevy Gory, Moscow, Russia. 
ovpComega.ifaran.ru 

Umkehr method is applied at network of Brewer spectrophotometers to deter- 
minate the ozone vertical distribution. To improve its accuracy opportunities, 
an extended Brewer Umkehr method was proposed by authors. Two ways to 
employ multiscattering radiation transferee model in the retrieval algorithm 
of the extended Umkehr method are investigated. Both use the Monte Carlo 
numerical method of radiative transferee simulation. We applied the double lo- 
cal estimation method with physical sampling of the free path length without 
escape until two collisions occurred and take into account spherical geometry 
and polarization properties. The main deductions on the method accuracy are 
defined more exactly in comparison with single scattering modeling. Some new 
features are displayed in the lowest stratosphere. 
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VARIATIONAL ASSIMILATION OF OZONE TOTAL COLUMN 
SATELLITE DATA IN A 2D LAT-LON TRACER-TRANSPORT 
MODEL 

H. J. Eskes, A. J. M. Piters, P. F. Levelt and M. A. F. Allaart 
Royal Netherlands Meteorological Institute, Postbus 201,3730 AE De Bilt, The 
Netherlands. 
eskas01tnni.nl/Fax: [31] 30 2210407 

A 4D variational data assimilation method is described to derive global ozone 
distributions from total column ozone satellite measurements. The ozone 
columns are advected by a 2D tracer transport model, using ECMWF wind 
fields at a single pressure level. Special attention is paid to the modelling of 
the background error covariance and quality control. The time, latitude and 
season dependence of the forecast error are taken into account, resulting in a 
global error field at any instant in time that provides a local estimate of the 
accuracy of the assimilated field. We discuss the advantages of the variational 
approach over sequential assimilation schemes. One of the attractive features 
of the variational technique is its ability to incorporate measurements at later 
times t >lo in the analysis at time to- In this sense twice as much information 
is extracted from the sparse measurements. 

APPROXIMATE LIMB SOUNDING DATA INVERSION. 

Ilymhin Y.A.. Terekhova O.A. 
Atmosphere Physics Department, Physics Faculty, Moscow State University, email: 
oksanafalODtics. ohvs.msu.su 

The new effective approximate technique is presented. The mathematical basis of it is 
the asymptotic expansions techniques and Laplace integrals. Unknown atmospheric 
gas distribution is rough approximated by exponential function f(r,tp) exp(- Ar) • 

Integral over a ray trajectory with the tangent point coordinates (p,p) known from the 

limb occultation experiment is/(A?>) = |/(^),^)) exp(-^r(i)) A where x b *e local 

Cartesian coordinate along the trajectory. Using the Laplace integral asymptotic 
expansion we get approximate equation which can be used to retrieve unknown 
function f(r,tp): 

This approach has several advantages. It's regular, because the solution of this 
differential equation continuously depends on left-hand side and any additional 
information can be integrated into retrieval scheme through boundary and other 
conditions for the unknown function. Application of this technique to occultation 
measurements of different physical effects, such as refraction, microwave phase shift, 
absorption, airglow emission, refractional attenuation etc. are discussed. The results 
of the numerical simulation are presented. Application to the local spherical 
symmetry approximation (LSSA) results correction is also included in the report. 
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ANNUAL VARIATION OF THE STATISTICAL LINK BETWEEN 
ZONALLY ASYMMETRIC TOTAL OZONE TREND AND 
DECADAL CHANGE IN DYNAMICS 

G. Entzian. D. Peters 
Institut für Atmosphärenphysik, 18225 Kühlungsborn, Germany 

At the example of March it will be shown that upper tropospheric and 
lower stratospheric decadal change of dynamics during 1979 - 1992 
distinctly influences the spatial distribution of zonally asymmetric 
(longitude dependent) decadal ozone change in mean latitudes of the 
northern hemisphere. These influences will be shown by spatial 
correlation of total ozone measurements from TOMS on board of 
Nimbus 7 and of Adeos together with NCEP geopotential height 
change of 300 hPa, found as a good indicator of dynamics in the called 
height region. The spatial regression between decadal ozone change 
and geopotential change is - 0.16 (DU/yr)/(gpm/yr), and is significant 
with more than 99 %. This diagnostic analysis is extended to all month 
of the year. In the annual variation these values vary between - 0.17 
in spring and - 0.07 (DU/yr)/(gpm/yr) in autumn, in similarity to the 
annual variation of total ozone density, whereas the spatial correlation 
between decadal ozone change and geopotential height change is high 
in summer and relatively low (but still significant) in winter in 
similarity to the annual variation of the variability of dynamics. 

3-D global simulation» of tropospheric 03 budget - results of the GIM/IGAC 
intercotnparlson 1997 exercise. 

M Kanakidou (I). FJ. Demener (2). T.K. Bcmtsen (31. WJ. Collins (4). D.A. 
Hauglustaine (5), S. Houweling (21.1. Isaksen (31. M. Kroi (2), M.G. Lawrence (6). 
J.F. Müller (7), N. Poisson( 1). O J. Roelofs (2). Y. Wang (SI. W.M.F. Wauben (9). C. 
Levy (10) 
1 Centre des Faibles Radioactivites, Laboratoire Mixte CNRS/CEA, Orme des 
Merisiers/LMCE, Bat 709, CE Saclay. F-91191 Oif-sur-Yvette Cedex. France. 
mariakffl.lmce.saclay.cea.fr. mariak@chemistry.uch.gr, mariak@iesi.forth.gr 
2. Utrecht University, IMAU, Utrecht, The Netherlands 
3. Universitv of Oslo, Oslo. Norway. 
4. Atmospheric Chemistry Modelling, Meteorological Office, Bracknell, U.K. 
5. Atmospheric Chemistry Division - NCAR, Boulder. Colorado.US and 
Sen ice d'Aeronomie. University Paris 6, Jussieu. Paris. France. 
6. Max, Planck Institute for Chemistry, Atmospheric Chemistry Division, Mainz. 
Germany. 
7. OMA, Brussels, Belgium. 
8. Harvard University. Cambridge, Massachusetts. US. 
9. KNMI. Utrecht, The Netherlands. 
I0:GFDL. Princeton. US. 

The objective of the Tropospheric Ozone (03) Global Model Intercomparison 
Exercise performed in 1997 was to systematically evaluate the capabilities of the 
current generation of 3-dimensional global models used for tropospheric 03 studies, 
and to identify key areas of uncertainty in our understanding of the tropospheric 03 
budget. This exercise has been organised by GIM (Global Integration Modelling) part 
of the IGAC (International Global Atmospheric Chemistry) activity. The strategy was 
to investigate the coherence of the models and how do the model results compare to 
the real atmosphere. 12 global 3-dimensional Chemistry Transport Models ha\ e been 
participated at this exercise. These models differ in the parametrisation of the main 
processes controlling chemical tracer-budgets i.e. transport by advection, diffusion and 
convection, chemistry (homogeneous and heterogeneous I. wet and dry deposition, and 
emission of trace compounds by natural and anthropogenic sources. On the basis of 
these results, the uncertainties in tropospheric 03 budget and the performances of the 
models will be discussed and the differences will be analysed. 

LONG-TERM MONITORING OF STRATOSPHERIC OZONE AT THE 
OBSERVATOIRE DE HAUTE-PROVENCE USING GROUND-BASED AND 
SATELLITE INSTRUMENTS. 

M. Guirlet (1), P. Keckhut (2), S. Godin (2), G. Megie (2) 
(1) University of Cambridge, Department of Chemistry/European Ozone Research 
Coordinating Unit e-mail:marieHe@ozone-sec.ch.cam.ac.uk 
(2) Service d'Aeronomie, CNRS-IPSL 

A study of the long-term evolution of the stratospheric ozone at the Observatoire de 
Haute-Provence (43.9N, 5.7E) is performed using ground-based measurements from 
Dobson spectrophotometer, lidar, ozonesondes, and using SAGE II satellite 
measurements. Those experiments provide datasets with lengths of about 10 years, which 
allows the comparison of interannual variability of the ozone measured by the different 
instruments. A multi-parameter regression is used to extract the long-term evolution 
from other variations (seasonal variability, Quasi-Biennal Oscillation forcing) of total 
ozone and of vertical profiles from the different experiments between 1985 and 1995. 
The effects of volcanism and of the 11-year solar cycle on long-term evolution of ozone 
are studied too. Differences between the time series of the ozone residuals after the 
regression underline instrumental differences and possible instrumental sensitivity to the 
volcanic aerosols for some of them. 

SIMULATIONS OF STRATOSPHERIC CON- 
STITUENTS IN A UNIFIED CLIMATE / FORECAST 

MODEL 

J.R. Knight (Meteorological Office, London Rd., Bracknell, Berk- 
shire, RG12 2SZ, U.K.), J. Austin and N. Butchart 

A high resolution three-dimensional general circulation model with 

stratospheric chemistry interacting with the model heating rates is 
integrated for a sequence of 10 day periods. The periods are chosen 
to coincide with low temperatures in the lower stratosphere when 
polar stratospheric clouds occurred. The initial conditions are taken 
from observations from the northern winters 1992-1998 and com- 
parisons are made between simulations with different polar strato- 
spheric cloud (PSC) schemes. Results are analysed, amongst other 
ways, in terms of the ozone change on the 475 K isentropic surface 
for air parcels within the vortex, as defined by equivalent latitude. 
The effects of the different PSC schemes and of the different time 
of vear on the constituent concentrations are discussed. 
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ASSIMILATION OF THE UARS/MLS OZONE MEASURE- 
MENTS IN A 3-D STRATOSPHERIC CHEMISTRY TRANSPORT 
MODEL 

P. F. Levelt (1), B. V. Khattatov (2), X. X. Tie (2), G. P. Brasseur (2), J. C. 
Gille (2) and H. Kelder (1) 
(1) KNMI, P.O.Box 201, 3730 AE, De Bilt, The Netherlands, lev- 
elt Sknmi.nl, (2) NCAR, P.O.Box 3000, Boulder, Colorado 80307-3000, USA, 
boris'äucar.edu. 

A sequential data assimilation scheme has been implemented in the 3-D global 
stratospheric chemistry transport model ROSE (Rose and Brasseur. 1989). The 
model contains an extensive photochemical scheme and includes heterogeneous 
reactions. The UKMO stratospheric analysis data are employed for transport 
calculations. 
Ozone profiles from the Microwave Limb Sounder (MLS) on board the Upper 
Atmospheric Research Satellite (UARS) were used in the assimilation. The 
obtained global distributions of ozone and other species will be presented. 
The resulting three-dimensional ozone distributions were used to calculate the 
total stratospheric ozone column. Using the ozone climatology from Fortuin 
et al. (1995) the total ozone column was computed and compared with total 
ozone measurements from the Global Ozone Monitoring Experiment (GOME) 
on board the European Remote Sensing satellite (ERS-2). Results of these 
comparisons will be presented and discussed. 

Storm track signature in total ozone during the northern 
hemisphere winter 

Y.J. Orsolini,D. B. Stephenson, F.J. Doblas-Reyes, 
Meteo-France, CNRM, Toulouse, France 
e-mail: David.STEPHENSON@meteo.fr 

Total ozone has long been known to correlate with synoptic eddy ac- 
tivity, low total ozone being associated with anticyclonic conditions. 
Such eddy activity is particularly intense over the storm track re- 
gions of the North Atlantic and Pacific oceans during boreal winter. 
An Eulerian diagnostic was introduced by Blackmon et al. [1977] 
to investigate storm tracks, based on band-pass filtering the 500 mb 
geopotential height for synoptic time scales. Wintertime satellite 
observations of total ozone by the TOMS instrument are analyzed 
using the same time-filtering approach. Climatological storm track 
signatures in total ozone are described. The North Pacific signa- 
ture is weaker than over the North Atlantic, and the cause of this 
asymmetry is explored. In the winter 1996/97, the Atlantic storm 
track was displaced westward and poleward due to persistent anti- 
cyclonic conditions over western Europe. Total ozone fluctuations 
on synoptic time scales were hence reduced over western Europe. 

Validation of ground-based microwave measurements at the 
Bordeaux Observatory, France 

O. Lezeaux (I). J. de La Nog (1), Ph. Ricaud (1) ,R. Peter (2), Y. 
Calisesi (2), S. Godin (3), J. W. Waters (4), L. Froidevaux (4) and M. 
Chipperfield (5) 
(1) Bordeaux Observatory, Floirac, France 
(2) University of Bern, Switzerland 
(3) Service Aeronomie du CNRS, Paris, France 
(4) JPL, Pasadena, Cal., USA 
(5) University of Cambridge, Cambridge, UK 
lezeaux@observ.u-bordeaux.ft/Fax:+33-5-57-77-61-55 

Ozone measurements are carried out by a ground-based microwave 
radiometer at the Bordeaux Observatory, (45°N, France). This 
instrument tuned to the 110.836 GHz ozone line uses a beam switching 
observation method. Ozone profiles are retrieved using the optimal 
estimation method in the altitude range 25-75 km. An error analysis has 
been completed, including measurement, model parameters and 
smoothing errors. Validation of results obtained over a three-year period 
(1995-1997) is presented. It consist of comparing Bordeaux retrieved 
profiles with ozone profiles provided by i) ground-based microwave 
measurements from the Bern University, Switzerland, ii) ground-based 
lidar measurements from the Observatoire de Haute Provence, France, 
iii) measurements, selected over the station, by the Microwave Limb 
Sounder instrument aboard the Upper Atmosphere Research Satellite, 
and finally iv) results from the 3-D SL1MCAT model. 

DESIGN OF A NEW DIAL SYSTEM FOR TROPOSPHERIC AND LOWER 
STRATOSPHERIC OZONE MONITORING IN NORTHEN GREECE 

A. Papayannis (1). J. Portencuve (2). D. Balis (3). C. Zerefos (3) and E. Galani (3) 
(1) Physics Department. National Technical University of Athens. Greece 
(2) Service d'Aeronomie du CNRS. France 
(3) Laboratory of Atmospheric Physics. Aristotle University of Thcssaloniki. 
Greece 
Email: apdlidarn.central.ntua.gr 

A new ozone DIAL system has been designed for troposphcric and loner 
stratospheric ozone monitoring in Northen Greece. The system is based on a 
quadrupled pulsed NdYAG laser and the Raman shifting technique in deuterium 
(D:) and hydrogen (H;) gases The lidar system emits simultaneously 4 wavclegths 
(266 nm. 289 nm. 299 nm and 316 nm) using a single Raman cell. The optical 
receiving system is based on a 50 cm concave telescope which is coupled to a 
specially conceived spectromclcr through a quart/ optical fiber. This lidar System 
uses state-of-the-art analogue (12 bils-40 MHz) and photon counting (250 MHz) 
real-time detection s\ stems able to measure lidar signals up 20 km height Ozone 
vertical profiles arc measured from I km up to 16 km height with a 50 m average 
spatial resolution and a 1-minutc temporal resolution. In this paper the major 
technical characteristics of the new lidar system will be presented. The system is 
foreseen to provide the first ozone vertical profiles on May 1998 during the 
Photochemical Activity and Ultraviolet Radiation (PAUR II) European Campaign. 

GLOBAL ATMOSPHERIC MONITORING WITH SCIAMACHY 

S. Noel (1), H. Bovensmann, J. P. Burrows, J. Frerick (1), K. V. Chance (2) 
and A. H. P. Goede (3) 
(1) Institute of Environmental Physics, University of Bremen, FB 1. D-28334 
Bremen, Germany, (2) Harvard-Smithonian Center for Astrophysics. Cam- 
bridge, MA 02138, USA, (3) SRON Ruimetonderzoek, NL-3584 Utrecht. The 
Netherlands. 
Stefan.N0eieiup.phy3ik.uni-brenen.de/Fax: [49] 421 218 4555 
SCIAMACHY (Scanning Imaging Absorption Spectrometer for Atmospheric 
CHartographY) is a space based spectrometer designed to measure sunlight 
transmitted, reflected and scattered by the Earth atmosphere or surface. It is 
a contribution to the ENVISAT-1 satellite to be launched in late 1999. 
SCIAMACHY measurements will provide amounts and distribution of O3. BrO. 
OCIO, CIO, S02, H2CO, NOo, CO, C02, CH„, H20, N20, p, T, aerosol, ra- 
diation, cloud cover and cloud top height from atmospheric measurements in 
nadir, limb and occupation geometry. By the combination of the near simulta- 
neous limb and nadir observations SCIAMACHY is one of a limited number of 
instruments which is able to detect tropospheric column amounts of O3. N02. 
CO. CH4, H20, N20, S02, and H2CO down to the planetary boundary layer 
under cloud free conditions. 
SCIAMACHY' will provide new insight into the global behaviour of the tropo- 
sphere and the stratosphere. Because of its wide range of applications SCIA- 
MACHY' is a good candidate instrument for any future global monitoring sys- 
tem. 

SENSITIVITY OF PHOTOLYSIS RATES J(O.D) AND J(NOa) TO 
DIFFERENT ATMOSPHERIC CONDITIONS 
E. Putz and G. Pfister 
Institute for Meteorology and Geophysics, A - 8010 Graz. 

Modeling of the chemistry of the lower atmosphere requires photolysis rates of 
certain gases based on a radiation field which includes ozone absorption, mole- 
cular scattering and surface reflection. Meteorological conditions like clouds 
and aerosols also affect the actinic flux and have to be considered. Photolysis 
of ozone (A < 320nm) is one of the most relevant primary sources for hydroxyl 
radicals via the reaction of 0(lD) with H2O. OH radicals are important for the 
tropospheric chemistry where they are involved in the oxidative composition of 
many man-made and natural trace gases such as CO, CH4, S02 and CH3CCI3. 
The photodissociation of N02 (A < 420 nm) provides the oxygen atoms required 
for photochemical ozone formation in the troposphere. 
We used the model TUV (Madronich, 1997) to make modeling of the photo- 
lysis frequencies J(OlD) and J(N02) and the sensitivity to solar zenith angle, 
overhead ozone column, cloud cover, aerosol loading, temperature, pressure and 
surface albedo is examined. A comparison with measurements of the photolysis 
rates under a variety of conditions commonly found in the troposphere will be 
used to stabilize the modeled data. 
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THREE-DIMENSIONAL SIMULATIONS OF OZONE IN THE STRATOSPHERE 
AND COMPARISON WITH UARS DATA 

E. Rozanov, V. Ziibov , M, Schlesinger, F. Yang and N. Andronova 
University of Illinois at Urbana-Champaign.Urbana. Illinois 61801, USA 
rozannov@atmos.uiuc.edu 

A 3-D Atmospheric Chemical Transport model has been developed and used for the 
simulation of present-day trace-gas distributions in the troposphere and stratosphere. A 
10-year-long steady-state model run for 1995 boundary conditions and circulation fields 
derived from the 24-layer UIUC AGCM has been carried out. The simulated distributions 
of ozone and radical species (e.g., N0.N02, and CIO), which are responsible for the 
ozone destruction in the stratosphere, are compared with available observations made by 
the HALOE, CLAES and MLS instruments onboard UARS satellite. The comparison is 
carried out for monthly zonal-mean climatology for particular days and locations, and the 
correlations between different species derived from the simulated and measured data are 
calculated. The results of this comparison show reasonable agreement (within 30%) of 
the simulated and measured monthly zonal-mean ozone distributions, although the 
location of the simulated maximum in the ozone distribution is generally lower (about 2-3 
km) than derived from satellite data.  A substantial disagreement between the simulated 
and measured data occurs for particular days and locations, when the synoptic-scale 
variability of the ozone cannot be simulated by the model driven by the climatological 
circulation produced by the AGCM. The influence of the choice of chemical reaction set 
on the stratospheric ozone is estimated with additional short-term model runs. 

CLIMATOLOGY OF THE REPROBUS CHEMISTRY-TRANSPORT MODEL 
COUPLED TO THE ARPEGE GENERAL CIRCULATION MODEL 

H. Tevsscdre. A. De Rudder, F, Lefevre and P. Simon 
METEO-FRANCE/CNRM, 42, av. G. Coriolis, 31057 Toulouse Cedex, France 
teyssedr@cnrm.meteo.fr/Fäx: +33-561079610 

The REPROBUS Chemistry-Transport Model calculates the chemistry of the 
stratosphere whereas stratospheric dynamics is determined by the climate version 
of the ARPEGE General Circulation Model. Both models are coupled : ozone 
calculated by the full photochemical package of REPROBUS is taken into account 
in the radiative budget calculation of ARPEGE which in turn provides 
REPROBUS with temperature and winds. This allows interactive coupling 
between dynamics and chemistry. The strongest effect of chemical feedback upon 
dynamics is a modulation of the Antarctic vortex, related to the ozone depletion 
amplitude. Both models are run for several years for the current atmosphere and 
for the atmosphere of year 2015. The climatologies of both atmospheres will be 
presented and discussed, with particular emphasis upon the « Antarctic ozone 
hole » in the southern hemisphere, and stratospheric global warming occurences 
in the northern hemisphere. The climatology of the simulated current atmosphere 
will be compared to the Total Ozone Mapping Spectrometer (TOMS) and Upper 
Atmosphere Research Satellite (UARS) data. 

OZONE VERTICAL DISTRIBUTIONS FROM GOME/ERS-2 
SATELLITE DATA - I: COMPARISON WITH INDEPENDENT 
MEASUREMENTS 

V. Rozanov. K. Bramstedt, K.-U. Eichmann, M. Weber, R. de Beek, J. P. Bur- 
rows and R. Hoogen 
Institute of Remote Sensing, University of Bremen, D-28334 Bremen, Germany. 
ricarda.hoogen.Oife.physik.uni-bremen.de/Fax: [49] 421 218 4555 

The GOME (Global Ozone Monitoring Experiment) launched aboard ESA's 
2nd European Remote Sensing Satellite (ERS-2) in April 1995 is part of the 
international scientific effort to improve our understanding of the natural and 
anthropogenic influences on the global ozone distributions. GOME is a nadir- 
viewing grating spectrometer covering the wavelength range 240-790 nm with 
a moderate spectral resolution of 0.2-0.4 nm. With the current scan strategy- 
global coverage at the equator is achieved within three days, the horizontal 
resolution being 960kmxl00km. 
At the Institute of Remote Sensing the Füll Retrieval Method (FURM) was 
developed to derive vertical ozone distributions from GOME data. FURM is 
based on an optimized optimal estimation method, which in this form is being 
used in satellite remote sensing for the first time, The vertical resolution that 
can be achieved is of the order of 6-10km in the lower and upper stratosphere. 
For cloud free or low clouds scenes the tropospheric column can also be re- 
trieved. The quality of the inferred profiles will be assessed by comparing them 
to selected ozonesonde profiles and other independent measurements. 

THE ROLE OF WATER VAPOUR PHOTODISSOCIATION ON 
MESOPAUSE OZONE 

I. M. Vardavas (1,2) and G. Vlastou (2) 
(1) Department of Physics, University of Crete, Heraklion, Crete, Greece, 
(2) Foundation for Research and Technology - Hellas, Heraklion, Crete, Greece. 
vardavaaeiesl.forth.gr/Fax: [30] 81 391305 

A one-dimensional atmospheric photochemical model is used to examine the" 
structure of the global mean vertical ozone profile and its nighttime to daytime 
variation in the upper atmosphere. Two distinct ozone layers are predicted, sep- 
arated by a sharp drop in the ozone concentration near the mesopause. This 
naturally occurring mesopause ozone deep minimum is primarily-produced by 
the rapid increase in the destruction of water vapour, and hence increase in 
HO«, at altitudes between 80 and 85 km, a region where water vapour photodis- 
sociation by ultraviolet radiation of the solar Lyman-alpha line is significant 
and where the supply of water vapour is maintained by methane oxidation even 
for very dry conditions at the tropospheric-stratospheric exchange region. The 
model indicates that the depth of the mesopause ozone minimum is limited by 
the efficiency with which inactive molecular hydrogen is produced, either by the 
conversion of atomic hydrogen to molecular hydrogen via one of the reaction 
channels of H with H02 or by Lyman-alpha photodissociation of water vapour 
via the channel that leads to the production of molecular hydrogen. The sen- 
sitivity of mesopause ozone to solar cycle uv flux variations and to increasing 
greenhouse gases is also examined. Recent observational evidence supports the 
predictions of the model. 

ST15 Atmospheric ozone (jiont with OA) 

Convener. Hirschberg, M.-M. 

02 Polar ozone 

Convener: Krivolutsky, A.A. 

POLAR OZONE AS OBSERVED BY ADEOS ILAS AND TOMS 
INSTRUMENTS 

A. c. Aikin Laboratory for Atmospheres, Goddard 
Space,Flight Center Greenbelt, MD 20771 
aikinechapman.gsfc.nasa.gov; G.A. Morris Joint Center 
for ;Ear-th  System Technology University of 
Maryland at Baltimore 

The ILAS and TOMS instruments measured respectively 
the ozone vertical distribution and total ozone 
amounts during the 1996-1997 polar summer. Between 50 
S and the south pole total ozone is characterized by 
a maximum centered near 60S and a decrease to a 
minimum of 200 to 250 DU at the south pole. Total 
ozone amount changes from month to month during the 
summer. Ozone amounts vary longitudinally with 
indication of wave structure. There is evidence of 
total ozone circumpolar transport and latitudinal 
transport toward the pole. ILAS ozone observations 
are confined to the 60 to 70 S latitude region. These 
profiles show altitude structure, which varies with 
time and location. Using back trajectory analysis and 
calculated pv maps, it is possible to trace the 
origins of stratospheric ozone at different altitudes' 
ie. potential temperature surfaces. There is an 
indication of transport from lower to higher 
latitudes existing at some vertical levels and not 
others in agreement with ILAS observations of profile 
shape changes. This type of analysis can be used to 
evaluate the fine struccure in the ILAS profiles. 
Total ozone amounts as observed by TOMS and ILAS are 
employed to validate ILAS. Northern hemisphere polar 
ozone data in the early spring are also analyzed. 
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MODELED OZONE LOSS IN THE ARCTIC STRATOSPHERE IN 
COMPARISON TO RESULTS OF THE MATCH EXPERIMENTS 

G. Becker (1), R. Müller (1), D. S. McKenna (1) and M. Rex (2) 
(1) Institut für Stratosphärische Chemie (ICG-1), Forschungszentrum Jülich, 
Germany, (2) Alfred-Wegener-Institut für Polar- und Meeresforschung Pots- 
dam, Germany. 
g. b«ckar«f z- juelich. da/Fax: +49-2461-615346 

The.Match technique determines chemical ozone depletion in the Arctic polar 
vortex from an analysis of pairs of ozone soundings probing the same airpar- 
cel at two different points of a calculated trajectory. It allows a quantitative 
comparison of the observed ozone loss rates with model results because the 
exposure of the probed airmasses to sunlight is known. We use a photochemi- 
cal box model to simulate the Match experiments of the winters 1991/92 and 
1994/95. The model severely underestimates the early winter ozone loss. Ex- 
tensive sensitivity studies for the winter 1991/92 show that the discrepancy 
between model and Match results can not be explained by uncertainties of the 
model parameters. 

A DISCUSSION ON THE VARIABILITY OF ATMOSPHERIC 
TRACE GAS CONCENTRATIONS AND OTHER HIGH LATI- 
TUDE PHENOMENA 

C.F. Enell (1), A. Meier (1), A. Steen (1), V. Cooray (2), T. Wagner (3), K. 
Pfeilsticker (3), U. Platt (3) and P. Johnston (4) 
(1) Swedish Institute of Space Physics, P.O. Box 812, S-98128 Kiruna, Sweden, 
(2) Institute of High Voltage Research, Husbyborg, S-752 28 Uppsala, Sweden, 
(3) Institute of Environmental Physics, University of Heidelberg, INF 366, D- 
69120 Heidelberg, Germany, (4) MWA Lauder, Private Bag 50061, Omakau, 
Central Otago, New Zealand. 
f redrikCirf. ae/Fax: [+46] 980 790 50 

Routine measurements of atmospheric trace gas concentrations by ground- 
based monitoring optical instruments at high latitude facilitate studies of possi- 
ble influences of different phenomena on atmospheric trace gases. In this study 
we use data from L'V/visible DOAS instruments operated at the Swedish Insti- 
tute of Space Physics in Kiruna in order to discuss the variability of 03, N'02, 
OCIO, and BrO over a one-year period. 
The initial study includes a discussion on the location of the polar vortex, the 
location and activity level of the auroral oval, cloudiness, and lightning. Only 
a few aspects of each individual high latitude phenomenon is quantified and 
related to the derived trace gas concentrations. 

TOTAL OZONE CONTENT OVER MURMANSK 

Belogolov V.S. 
Polar Geophysical Institute; 
15 Khalturina Str., Murmansk 183010, Russia; 
<sergeich@polar.murmansk.su> 

Total ozone measurements have been performed by different 
organisations on a regular basis at Murmansk ((p=68.97°N, 
A=33.05°E; <D=64.5°N, A=l 15.2°E) since the beginning of 
observations in 1971 to 1997. All the data of ozone observations for 
the whole observation period are collected as a data base in the 
Geophysical Observatory Loparskaya. An initial analysis of collected 
data was implemented and it was noted that the total ozone content 
(TOC) at Murmansk during the last 27 years showed the decreasing 
of the one. A seasonal behaviour and other characteristics of TOC 
were obtained. 

PSC LIDAR MEASUREMENTS INTERPRETATION BY A MIE 
MODEL 

F. Fieri! (1), A. Hauchecorne (1) and H. Mehrtens (2) 
(1) Service d'Aeronomie du CNRS, BP3 Verrieres le Buisson 91371 CEDEX 
France,  (2) Institut fur Atmosphären Physik, Schloßstrasse 4-6, D-18255 
Kühlüngsborn, Germany. 

PSC measurements from ALOMAR/RMR lidar has been classifyied in terms of 
backseatter measured at three wavelengths (pill?'), Two values of lengthwave 
dependance of aerosol backscatter( Angstrom coefficient a) and Depolarisation 
(5). The typical values of the optical parameters is different from previous clas- 
sifications, especially for type lb PSCs. A coherent behaviour of the a-ßaer 

relationship is found for each kind of PSC, but is slightly variable from mesure- 
ment to measurement. The first aim of this work is to define the sensitivity 
of optical measurements to changes in aerosol characteristics and to identify 
the cloud evolution in terms of size distribution parameters. To do this, ßaer 

and a are calculated by a Mie model with random selection of bulk parameters 
and refraction index inside the range for type lb PSCs. Theoretical a and ßalr 

corresponding to measured ones are selected in order to characterise measured 
PSCs by random model parameters . Temperature has been measured simul- 
taneously inside PSC by Raman Rotational technique during several events. 
Measured (XirJ, a) and theoretical (size distribution average volume) aerosol 
parameters will be related to temperature changes. 

OZONE MEASUREMENTS IN THE LOWER TROPOSPHERE 
OVER NY-ALESUND, SVALBARD (78°55,N, 11°53'E) 

Boian R. Boikov and Harald J. Beine 
Norwegian Institute for Air Research (NILU) 
bojan@nilu.no, harry@nilu.no 

Hourly surface ozone measurements made since 1991 at the 
Zeppelin mountain, Svalbard, using a UV-absorption ozone 
analyser are compared to coinciding ozone measurements from 
balloon borne electrochemical cell ozonesonde observations 
launched from nearby Ny-Alesund. By extending the surface 
ozone measurements with in-situ ozonesonde measurements, 
we attempt to establish the seasonal characteristics of ozone in 
the lower troposphere with respect to prevailing meteorological 
conditions and air-mass origin at different levels. 

COMPARISON OF AIRBORNE LIDAR MEASUREMENTS WITH HIGH 
RESOLUTION TRACER TRANSPORT MODELS 

H.FIentie. \V. Renger. M. Wirth (Institut für Physik der Atmosphäre. DLR- 
Oberpfaffenhofen. 82234 Weßling. Germany) 

A. O'Neill. W.A. Lahoz. A. Heaps (Centre for Global Atmospheric Modelling. 

Univ. of Reading. PO Box 243. Early Gate. Reading. RG6 6BB. United Kingdom) 

Stratospheric ozone and aerosol were measured during winter 94.95 in several 

campaigns with an airborne LIDAR system. The comprehensive set of vertical 

along-flight-track profiles inside, across and outside the polar vortex mirrors the 

development of the lower stratosphere during that winter. The LIDAR data are used 

to validate high resolution transport models which again complement the vertical 

along flight track information horizontally. This provides information about the 

height resolved ozone and aerosol distribution of the European middle and high 

latitudes. In this study a Contour Advection and a Domain Filling Trajectory code 

driven by winds from UKMO data assimilation are run to advect potential vorticity 

(PV) as air mass tracer. One of the most striking features of the measured ozone 

distributions is the pronounced small scale horizontal (-1') and vertical (-Ikm) 

inhoniogeneity with blob- and tilted stripe structures occurring throughout the 

winter in the lower stratosphere. It is shown that in many cases the filaments 

indicated thereby are reproduced by the models on various potential temperature 

levels. This confirms the relevance of dynamical processes peeling off narrow sheets 

of air from the vortex edge and subsequently transporting and diluting them to 

middle latitudes. Chemically induced ozone depletion previously reported for 21 

March 1995 is confirmed and the transport of ozone depleted vortex air to mid- 
latitudes discussed. 
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Measurements of Stratospheric Ozone and Chlorine Monoxide 
over Ny-Alesund, Spitsbergen, in 1997 and 1998 

B. Franke, U. Klein. K.F. Künzi, J. Langer, B.-M. Sinnhuber, I. Wohltmann 
Institute of Environmental Physics, University of Bremen 
Ulf.Klein@Uni-Bremen.de 

Observations of stratospheric ozone and chlorine monoxide (CIO) are 
regularly being performed at the Arctic station of the "Network for the 
Detection of Stratospheric Change" (NDSC), using a ground based 
millimetre wave radiometer. While ozone has been operationally monitored 
since 1994 at an observation rate of about 20 profiles per day, CIO 
measurements are being restricted by the strong and variable absorption of 
tropospheric water vapour and the necessity of day and night time 
observations. The location of the observation site, Ny-Älesund (78.9°N, 
11.9°E), enabled us to take data inside the polar vortex in 1997. We 
observed enhanced levels of stratospheric CIO of up to 1.6 ppbv from late 
February to early April 1997 in the vicinity of 20 km of altitude. 
Considering diabatic processes, using our own ozone measurements for the 
calculation of atmospheric heating rates, we have derived chemical ozone 
loss rates of up to 20 ppbv/day in the same altitude range. A subsequent 
ozone loss of approximately 35% was measured over the complete ozone 
loss period. Besides details of this analysis we are presenting data of 1998 
for both species. 

POLAR STRATOSPERIC CLOUD MEASUREMENTS BY LIDAR AND 
BALLOON BORNE SONDES AT SODANKYLÄ IN 1996/1997 

RJCiyj, E. Kyrö, L. Rontu (1), C. Wedekind, B. Stein, H. Wille (2), A. Dornbrack (3), 
V. Mitev, R. Matthey (4), J. Rosen (5), V. Rizi (6), B. Lazzarotto, B. Calpini (7), 
L.Stefanutti and M. Del Guasta (8). 
(1) Finnish Meteorological Institute, Ilmala, FIN-99600 Sodankylä, Finland, 
rigel.kivi@fmi.fi7Fax:+358-l6-610l05, (2) Freie Universität Berlin, (3) DLR- 
Oberpfaffenhofen, (4) Öbservatoire de Neuchätel, (5) University of Wyoming, 
(6)Universita r Aquila, (7) EPFL/DGR/LPAS, Lausanne, (8) IROE/CNR, Firenze 

Series of PSC measurements were performed at an Arctic site Sodankylä (67 °N, 26 °E) 
during the winter of 1996/1997. The instrumentation consisted of aerosol backscarter 
and depolarization lidar and balloon borne backscarter sondes. In many cases it was 
possible to obtain aerosol backscarter and depolarisation profiles quasi-simultaneously 
by both instruments. We present a summary of all PSC measurements performed during 
January-February 1997. During January 1997 PSC temperatures at SO hPa were 
observed in 13 percent of all radiosonde launches, which is the lowest for the last 6 
winters for this altitude. On January 22-23, 1997 we observed type II PSC with the 
measured temperatures 6-8K lower than the synoptic scale temperature. On the other 
hand, 3-dimensiona! mesoscale numerical weather prediction models used in our study, 
were able to present realistic analysis of the temporal development of cold areas over 
northern Scandinavia, formed as a result of lifting of isentropic surfaces by mountain 

SIMULATION OF THE DYNAMICS AND CHEMISTRY OF THE 
ARCTIC STRATOSPHERE DURING THE WINTERS 1995/96 
AND 1996/97 

G. Günther (*) and F. Baier (*) 
(*) Institute for Geophysics and Meteorology, University of Cologne, 50923 
Cologne, Albertus-Magnus-Platz, Germany. 

During the consecutive winters of 1995/96 and 1996/97 record low tempera- 
tures well below 195 K, the conventional threshold value for PSC-I formation, 
were observed in the lower arctic stratosphere. While the low temperatures in 
the former winter were caused by strong upper tropospheric blocking common 
to northern hemispheric winters, the latter showed a strong, less disturbed and 
persistent cold polar vortex, a feature usually observed in the antarctic win- 
ter stratosphere. In both winters the cold temperatures led to the formation 
of PSC's. The disturbance of the chlorine chemistry due to heterogeneous re- 
actions and the subsequent ozone destruction resulted in unusually low ozone 
values in the northern hemisphere. 
The aim of this study is to investigate the dynamical and chemical processes and 
their interaction during these episodes. A three dimensional mechanistic model 
of the middle atmosphere which is coupled with a chemistry and a transport 
module is used to simulate the two episodes. The data for the temperature 
fields used to force the model at the lower boundary region are taken from 
ECMWF analyses. The main results will be presented and compared to data 
derived from satellite measurements. 

EVIDENCE FOR A SUBSTANTIAL ROLE FOR DILUTION IN NORTHERN 
MID-LATITUDE OZONE DEPLETION. 

B. M. Knudsen(l). W. A. Lahoz(2), A. 0'NeiII(2). and J.-J. Morcrette(3) 
(1) Danish Meterological Institute (2) Centre for Global Atmospheric Modelling. 
Dept. of Meteorology. University of Reading. (3) European Centre for Medium-Range 
Weather Forecasts 
bk(gdmi.dk/Fax: +45 39 15 74 60 

Satellite measurements of ozone have shown a significant decline in ozone at 
mid-latitudes, and this has partially been explained by chemical models. Transport of 
air out the polar vortices has been shown to be modest, but after break-up of the vortex 
any ozone depleted air will eventually mix into mid-latitudes and cause a dilution 
there. For the Antarctic ozone hole this has been verified in model simulations. Here 
we show that the laree ozone depletions in the Arctic vortex in spring 1993-97 lead to 
a dilution of northern mid-latitude ozone of about 2 % in 1993-94, which are 
comparable to TOMS trends in at 30-60 N May of 6 % from 1979-1994. In spring 
1995-97 the dilution is about 3-4 %. These results indicate that dilution plays a 
substantial role in the mid-latitude ozone depletion in spring and summer, when the 
harmful effects of increases in UV radiation are largest. 

ANALYSIS OF INTERANNUAL VARIATIONS IN TOTAL 
OZONE AND STRATOSPHERIC CIRCULATION 

E.A. Jadin (1), V.E. Kadygrov (2) and N.A. Diansky (3) 
(1) Central Aerological Observatory, Dolgoprudny, Russia, (2) Moscow insti- 
tute of Physics and Technology, Dolgoprudny, Russia, (3) Moscow Institute of 
Numerical Mathematics, Moscow, Russia. 
attexOadonis. iasnet. ru/Fax: [+7 095] 576 3327 

Using the monthly mean TOMS (version 7) data the linear trends of total ozone 
are calculated for each month in 1979-1992 and analyzed with a special atten- 
tion to the longitudinal structure. Together with the well known negative trends 
the positive total ozone trends were revealed in the distinct regions in particular 
westward from Greenland in January-February. The relations between interan- 
nual variations of total ozone and stratospheric angular momentum (NCEP 
data) were investigated by means of the calculations of the empirical orthog- 
onal functions (EOF) and singular value decomposition (SVD) analysis. The 
results indicated strong link of total ozone anomalies with stratospheric cir- 
culation variations especially during winter/spring seasons, which confirm the 
findings for the evolution of zonally average fields in 1979-1991. It may mean 
that observed ozone trends can be mostly caused by interannual and decadal 
changes of stratospheric wave activity. The possibilities to distinguish the long- 
term natural and anthropogenic impacts on ozone layer are discussed. 

QBO VARIABILITY OF TOTAL OZONE FOR ANTARCTIC 
SPRINGS AND ITS RELATION TO PLANETARY WAVES 

INTENSITY 

A.Krivolutskv (Central Aerological Observatory, Dolgoprudny, 
Moscow Region, Russia) 
P.Vargin (Moscow State University.Moscow, Russia/ University 
of Köln, Köln, Germany) 

High resolution TOMS global data for each spring for 1979 - 
1994 interval were used to study the correlation between the 
intensity of total ozone large-scale disturbances and -zone 
content over South pole during Antarctic springs with uzone 
hole" manifestation. The harmonic analysis procedure has 
revealed a strong QBO modulation of first harmonic amplitude 
with in phase of QBO oscillations of total spring ozone over 
South pole. The magnitudes of first harmonic reach of about 100 
Dobson units for single years in contrast to the its smaller 
magnitudes at high latitudes of the Northen Hemisphere. The 
correlation coefficient between evolution of the first harmonic 
amplitude at 60 S in September and ozone content in October 
(after linear trend substraction) equals 0.7. The problem is to 
explain QBO effect in the planetary waves intensity. 
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THE 1998 ARCTIC OZONE DEPLETION QUANTIFIED FROM THREE- 
DIMENSIONAL MODEL SIMULATIONS 

F.Lcftvre (1), K.S. Carslaw (2), T. Peter (2) 
(1) Meuto-France/CNRM, Toulouse, (2) Max Planck Institute für Chemie, Mainz 
franek.lefevre@meteo.fr/Fax: +33-5-61079610 

Three-dimensional simulations of total ozone are reported for the 1997-98 Arctic 
winter. We used the REPROBUS chemistry-transport model which calculates the 
densities of 55 species or families of stratospheric interest, by means of a 
comprehensive photochemical package and a detailed description of heterogeneous 
reactions on liquid and solid particles. The comparison between the chemically 
integrated ozone and a passive tracer initialized like ozone allows to discriminate 
chemical changes from variations due to dynamical processes. This method is used 
to quantify the ozone chemical loss during the 1997-98 winter. Comparisons with 
ground-based and satellite observations are also presented. 

N02 BALLOON-BORNE MEASUREMENTS DURING THE ILAS 
VALIDATION CAMPAIGN 

J.B.Renardm , S. Payan (3), C. Camy-Peyret (3), T. Hawat (3), D. 
Huguenin (4), P. Jeseck (3), H. Kanzawa (5), F. Lefevre (6), M. Pirre 
(1, 2), C. Robert (I), and Y. Sasano (5) 
(1) LPCE-CNRS, 3A av. recherche scientifique, 45071 Orleans, France; 
(2) Orleans University, Orleans, France; (3) LPMA, PARIS VI 
University, Paris, France; (4) Geneva Observatory, Sauverny, 
Switzerland; (5) NIES, Environment Agency, Tsukuba, Ibaraki 305, 
Japan; (6) CNRM / Meteo-France, Toulouse, France. 

Measurements of N02 were performed on February 26, 1997 by the 
balloon-borne instruments LPMA and AMON before sunset, at sunset 
and at midnight, during the ILAS validation campaign at Kiruna (North 
Sweden). Vertical profiles have been obtained at very close location 
inside the polar vortex. These profiles will be compared to ILAS 
measurements of N02 performed also at the same date. 
The data allows to study the diurnal variation of N02. The 
measurements will be compared to outputs of modelling works (box 
model and CTM 3-D model), taking into account ozone, chlorine and 
aerosol measurements also performed by the instruments. In particular, 
the existence of N02 below 23 km inside the aerosol layer, where 
modelling works predict zero value of N02 mixing ratio, will be 
discussed. 

LIDAR OBSERVATIONS OF LEEWAVE INDUCED PSCS ABOVE 
ESRANGE IN NORTHERN SWEDEN 

K.P. Müller, G. Baumgarten, J. Siebert and K.H. Fricke 
Physikal. Institut der Universität Bonn, Nussallee 12, D-53U5Bonn, Germany. 

For a quantitative understanding of Arctic ozone depletion the number, the tim- 
ing, the duration, and the altitude of PSC events is a very important factor. 
According to the temperature analysis from the ECMWF in winter 1996/97 
temperatures fell below PSC type I formation temperatures for only a few 
days in January 1997 and never reached PSC II formation temperatures above 
northern Scandinavia. In contrast our new backscatter lidar (light detection and 
ranging) on the Esrange (68'N) near Kiruna, Sweden, detected PSCs even on 
days when regional ECMWF temperatures were too high for any PSC forma- 
tion. All types of PSCs were observed in this winter: very weak but depolarizing 
PSCs of type la with a backscatter ratio of 1.1 in parallel and 2 in perpendicular 
polarization, non depolarizing PSCs of type lb with backscatter ratios of 3 to 
5, as well as very strongly depolarizing PSCs of type 2 with backscatter ratios 
of up to 120 in parallel and 1600 in cross polarization. PSCs formed on 17 days 
over the lidar, most of them in January, a few in February, and one in March 
1997. The altitudes of the PSCs ranged from 18 to 29 km. All of the '•warm 
air" PSCs occurred when the windfield in the troposphere excited leewaves at 
the Scandinavian mountains which could propagate up to the stratosphere and 
lower atmospheric temperatures on a regional scale. 

SIMULATION OF THE ANNUAL CYCLE OF TOTAL OZONE OVER 
NORTHERN HIGH LATITUDES AND COMPARISON WITH TOMS DATA 

E. Rozanov. V. Zubov, M. Schlesinger, F. Yang and N. Andronova 
Universiry of Illinois ai Urbana-Champaign.Urbana, Illinois 61801, USA 
rozanov@atmos.uiuc.edu 

The total ozone distribution in the polar area is a very informative indicator of 
the performance of a 3-D photochemical-transport model because it reflects the ability of 
the model to treat both dynamics and photochemistry in the atmosphere. On the other 
hand, the observations by TOMS provide a dataset that can be used for detailed validation 
of the simulated data. Accordingly, to estimate how successfully the total ozone 
distribution can be simulated, a numerical experiment with the 3-D UIUC Atmospheric 
Chemical Transport model has been earned out for 1993.   In this simulation the 
distributions of trace gases are calculated with the model driven by circulation fields 
acquired from the UKMO dataset for 1993. A 3-year-long steady-state model run has 
been performed and the distribution of total ozone is compared with daily TOMS data for 
1993. The comparison of the simulated and observed total ozone fields shows that the 
locations of the areas with high and low total ozone are simulated rather well. This means 
that the treatments of the chemistry and transport in the model are correct, and that the 
UKMO winds are very close to the true meteorological fields in 1993. The magnitude of 
the simulated total ozone field is slightly different from the observations and further 
improvement of the model is necessary to describe more accurately the destruction of 
ozone in the troposphere. 

TRANSPORT RELATED O» VARIATIONS DURING THE AIRBORNE PO- 
LAR EXPERIMENT 

G. Redaellifj). A. R. MacKenzie(2), V. Riii(l), G. Visconti(l), M. P. Chipper- 
field(2), V. V. Rudakov(3) and L. Stefanutti(4) 
(1) Dipartimento di Fisica, Universits degli Studi, L'Aquila, Italy, (2) Centre 
for Atmospheric Science, University of Cambridge, UK, (3) Central Aerological 
Observatory, Russia, (4) IROE-CNR, Firense, Italy 
redaelU9aquila.infh.it/FAX: +39-862-433033 

Reverse Domain Filling Trajectories (RDFT) analyses have been performed 
at the University of L'Aquila during the APE campaign to follow the vortex 
boundary movements and to obtain nigh resolution tracer fields used to exam- 
ine the structure of the filaments eroded from the polar vortex edge. Focusing 
on the flights of 23/12/96, when the M55 Geophysika flew out of the vortex and 
across large filaments of inner-vortex and mid-latitude air, and 29/12/96 and 
31/12/96, when a major intrusion of low latitude air into the vortex occurred, 
filament morphologies has been simulated and compared with Oj data from 
the ECOC instrument onboard the M55. Similar filament morphologies can be 
found in tracers fields simulated for the same cases with SLIMCAT Chemistry 
and Transport Model (CTM) operating at the University of Cambridge. Cou- 
pled run and intercomparisons between RDFT and CTM calculation has been 
performed to understand our ability in reproduce the filament characteristics. 
Origin and characteristics of the global patterns responsible for the observed 
O3 variations and reconstructed filament morphologies will be discussed. 

TROPOSPHERIC OZONE RECORDING IN HIGH LATITUDES 

O. I. Shumilov, E. A. Kasatkina (High-Latitude Geophysical Laboratory of 
SPbF IZMIRAN, P.O.Box l23,Apatity, Murmansk Region 184200, Russia) 
O.M. Raspopor (SPbF IZMIRAN, P.O. Box 188, St.-Petersburg, 191023, 
Russia, E-mail: oleg@omr.izmi.ras.spb.ru) 

Surface ozone variations were measured at Svalbard (78 N) in August 1995 by 
Russian chemiluminescent ozone analyser AM-01. The 'surface ozone 
measurements were supported by ozone total content measurements with help 
of Russian M-124 Filter ozonometer and were compared with some 
meteorological parameters. It was shown that the usual mean' surface ozone 
concentration is equal to about 30 ppb and does not demostrate any diurnal 
course. Rapid surface ozone depletions Up to 80% with duration from ten 
minutes to some hours and one intense enhancement of 120% value lasting 
about ten hours were discovered. A physical interpretation of such variations in 
terras of local topographically induced wind system which brings high bromine 
concentrations from surface sea water was suggested. 
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ROLE OF THE 11-YEAR SOLAR CYCLE IN A FORMATION OF THE 
WINTER VARIATIONS OF THE OZONE OVER NORTHERN EUROPE. 

B.E.Soukharev 
Department of Climatology, StPetcrsburg State University, 10 lima. 33, 
199178, St.Petersburg, Russia 
E-mail: boris@scb.usr.pu.ru. 

On the basis of the monthly mean total ozone data for nine stations of Northen 
Europe for the period of 1957-1995 simple regression analysis of the connection 
between wintertime interannuat variations of the ozone and the sunspot numbers is 
conducted For the investigation the ozone data have been grouped according to the 
phases of the QBO. Simple regression analysis shows that the positive (negative) 
connection between the ozone and the solar activity is observed during the westerly 
(W) (easterly (E)) QBO phases. Results show that the influence of the 1 l-year solar 
cycle makes 1,1%, 7,4%, 35,2%. 35,6% of interannual variability of the total ozone 
over the region in months from December to March for the W QBO phase. For the 
E QBO phase this influence makes respectively 1,7%, 2,4% 36,0% and 8,7% of the 
ozone variability. For the explanation of the obtained results simple regression 
analysis between the stratospheric indexes (30 hPa) over the region and the sunspot 
numbers is conducted. Regression model shows the similar dependencies as at the 
analysis of the Solar-Ozone relationship. As regression models applied for the 
ozone and for the indexes of stratospheric circulation over the region demonstrate 
similar results then it may be supposed that the Solar-Polar Ozone relationship is 
executed through the Solar-Stratospheric Dynamics relationship. 

STRATOSPHERIC ARCTIC WINTER PROFILES OF N20, CH,, H20 AND 
HDO, MEASURED BY MIPAS-B 

M. Stowasser. H. Oelhaf, G. Wetzel, H. Fischer, F. Friedl-Vallon, G. Maucher, M. 
Seefeldner, 0. Trieschmann, and T. v. Clarmann 
Institut für Meteorologie und Klimaforschung, Forschungszentrum/Universität 
Karlsruhe, e-mail: stowasser@imk.fzk.de/FAX: +49-7247-82-4742 

Vertical profiles of CH» and H20 inside the arctic vortex were retrieved from 
nighttime infrared limb emission spectra measured by the Michelson Interferometer 
for Passive Atmospheric Sounding, Balloonborne version (MIPAS-B) instrument 
from Kiruna (Sweden, 68°N) on February II, 1995 and March 24, 1997. The 
results of the February flight show a peak mixing ratio of nearly 7.0 ppmv H20 at 
17.1 hPa and a minimum of 3.6 ppmv H20 at 137.5 hPa corresponding to 28 km 
and 13.2 km altitude. The analysis of the March flight shows a similar profile, but 
the vertical gradient is less pronounced. The total hydrogen budget of the 
stratosphere has been examined by evaluating the quantity [H] = [H20] + 2 [CHJ. 
A mean mixing ratio of [H] is calculated from the data revealing high values of 
around 7.25 ppmv for both flights. A compact correlation between CH» and N20 
was also deduced from the measurements. From the spectra of the February flight a 
vertical mixing ratio profile of HDO has been inferred, too. The deuterium to 
hydrogen ratio (D/H) of water vapor shows a strong depletion in comparison to that 
of Standard Mean Ocean Water (SMOW) particulary in the lower stratosphere. 
These depletion is a hint of a possible dehydration by PSC particles which occurs at 
a lower altitude than that of the denitrification measured on the same flight. 

ON THE JOINT SOLAR/QBO EFFECT ON THE OZONE OVER 
NORTHERN EUROPE IN WINTERTIME. 

B.E.Soukharev (1), I.V.Gorodetskaya (1) 
(1) Department of Climatology, St.Petersburg State University, 10 linia, 33, 
199178, St.Petersburg, Russia) 
E-mail: boris@seb.usr.pu.ru 

Using the monthly mean data of total ozone in months from December to March for 
the period 1957-1995 for Northen Europe stations the joint Solar/QBO effect on 
ozone variations is investigated. Correlation analysis conducted on condition that 
the data were divided according to the westerly (W) and easterly (E) QBO phases 
shows positive (negative) correlation between the ozone and the solar activity 
during the W (E) QBO phases. The highest correlations are obtained for February 
(r = 0,63 and r = -0,59 for the W and E QBO phases). To examine these statistical 
results all the ozone anomalies that exceed the standard deviation for a given 
month have been compared with solar activity. The comparison shows that almost 
all the ozone anomalies in February are in accordance with abovementioned 
statistical dependency. A correlation analysis conducted for the investigation of the 
connection between the stratospheric dynamics indices over the region and the 
sunspot numbers demonstrates similar results to ones for the Solar - Ozone 
relationship but in reverse ratio (for February r » -0,65 and r ■ 0,59 for the W and 
E phases). As close connection between the indices and ozone variations (r = 
-0,70 for February) is revealed then it may be concluded that the Solar - QBO - 
Polar Ozone relationship is executed through the stratospheric circulation. 

STRATOSPHERIC CHEMISTRY MODELLING: RESULTS OF 
A BOX MODEL AND A THREE-DIMENSIONAL CHEMISTRY 
TRANSPORT MODEL 

M.M.P. van den Broek (1), A. Goede (1), A. Bregman (2) and J. 
Lelieveld (2) 
(1) Space Research Organisation of the Netherlands, Utrecht, Netherlands, 
(2) Institute of Marine and Atmospheric Sciences, Utrecht, Netherlands. 

A stratospheric chemistry routine is developed and tested in a box model. The 
routine contains 43 species and 154 reactions, of which 29 photolysis reactions 
and 18 heterogeneous reactions on ice, NAT and liquid aerosol. As a numerical 
solver Euler Backward Iterative is used, taking a 40 minute timestep and 10 
iterations. This new routine is examined with the help of idealized trajectories 
and a previously validated box model. 
The chemistry routine is then implemented in a three-dimensional chemistry 
transport model, TM3. This model is forced by analyzed ECMW'F wind and 
temperature fields. Results are compared with ozone sonde measurements and 
other balloon- borne and aircraft measurements, which were carried out in the 
SESAME winter, 1994-'95. 

THE THERMAL STRUCTURE OF THE ANTARCTIC LOWER 
STRATOSPHERE BEFORE AND AFTER THE DETECTING OF THE 
OZONE HOLE 

N. Soichtinaet-Rakowskv (1), P. Fabian (1) 

(l)Lehrstuhl für Bioklimatologie und Immissionsforschung, University of Munich 
Spichtinger@met.forst.uni-muenchen.de 

First results of an investigation upon the development of the thermal structure of 
the lower stratosphere of the southern polar region in dependence of ozone are 
shown. 
From the retnalysis dausets of NCAR/NCEP and ECMWF meteorological 
parameters are taken. Ozone data  are used from TOMS and additionally 
ozonesondc data are evaluated. Temperatures and zonal wind in different 
stratospheric pressure levels are applied to establish the variation of the thermal 
structure and the transition of the winter to the summer circulation during the 
period of 1979 to 1993. Undisturbed „pre-ozone bole" years are compared with. 
The relation of   ozone concentrations and temperatures in a temporal and a 
spacial kind and in consideration of the polar circulation is described and 
quantified. 
Periodical fluctuations like solar cycle and QBO and single events like volcanic 
eruptions are considered. 

ABOUT THE CHANGES OF THE OZONE CONTENT OVER 
THE EAST ANTARCTEDA 

V.Zahariev (1), S.LKolev (1) Hartwig Gemandt(2) 
(1) V.Zahariev, S.LKolev; National Institute of Meteorology and 
Hydrology, Blvd. Tsarigradsko chaussee No.66,1784-Sofia. Bulgaria 
(2) Alfred Wegener Institute for Polar and Marine Research. Research 
Unit Potsdam Telegrafenberg A 43, D-14473 Potsdam, Germany 

It has been considered the ozone changes on the base of ozonesonding 
obtaining data from die Gentian balloon station G. Foster (7i): 46* 
South , IP50' East) for the period 1985-1991. These data are 
compared widi the derived results from die Russian station Mirnii 
(66° 33' South , 93 °01' East).The main statistical character!sties of 
vertical profiles are presented .A special attention is paid to the Spring 
reduction of the ozone content dining October-November.Aller the 
detailed analysis it is concluded that the chemical ozone los.s in spring 
is significantly controlled by dynamical processes. This dynamical 
control is understood as a natural impact on the polar ozone depletion 
As it can be shown the strong circumpolai vortex circulation weakens 

the advection of air towards polar latitudes. 
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ST15 Atmospheric ozone (joint with OA) 

Convener: Hirschberg, M.-M. 

03 Changes in UV-B radiation 

Convener: Krüger, B.C. 

THE DEPENDENCE OF THE SOLAR UV-B RADIATION ON TOTAL 
OZONE AND SOLAR ZENITH ANGLE 

Martin Dubrovskv 
Institute of Atmospheric Physics, Czech Republic 
(dub@ufa.anet.cz; www.hk.cesnet.cz/dub/dub.htm) 

The contribution reports on an analysis of solar UV-B radiation measurements 
made by RB-Biometers simultaneously in two locations: Hradec Krälove (285 m 
a.s.l.) and MileSovka (836 m a.s.1.). The analysis of the series of 10-minute sums 
obtained during one year (96/8 • 97/7) is focused on (i) comparison of the 
UV-B radiation regime in the two locations, and (ii) determining the 
dependence of UV-B radiation on total ozone and solar zenith angle. Using the 
regression relations determined in the latter step, the changes in local UV-B 
radiation climatology due to changes in total ozone will be deduced. 

The analysis is made within the frame of a joint grant project of the 
Czech Hydrometeorological Institute and Institute of Atmospheric Physics. The 
project aims at: (i) monitoring of biologically active UV-B solar radiation, 
(ii) assessment of relations between total ozone and UV-B radiation, and 
(iii) creation of the information system for operative reports on UV-B levels and 
exposure times recommended for population. 

CAN INCREASED UV RADIATION CAUSE SURFACE OZONE EPISODES? 

Stefan BrOnnimann and Urs Neu 
Institute of Orography, Universitiy of Bern, Hallerstr. 12,3012 Bern, Switzerland 
e-mail broenn@giub.unibe.ch 

A case study is presented which shows a remarkable coincidence of very low total 
ozone and high near-surface ozone concentrations (>60 ppb) in Switzerland in- 
February 1993, lasting one week. The meteorological situation changed little during 
this penod, and a high-pressure system provided good conditions for photochemistry 
on a regional scale. The reason for the low total ozone probably is anomalous 
stratospheric circulation and a chemical effect of Pinatubo aerosols. 
Total ozone contains information about the tropospheric circulation which is an 
important influence on surface ozone concentrations in winter. However, it can be 
shown that during the episode surface ozone concentrations depended largely on 
photochemical ozone destruction (at the high-alpine site Jungfraujoch, 3580 m asl, 
with -0.05 ppb NOx) or production (at the elevated site Chaumont, 1140 m asl, with 
-4 ppb NOx) while transport was weak. The mean diurnal ozone cycles show an 
increase of ozone concentration at Chaumont and a decrease at Jungfraujoch during 
the afternoon hours. The amplitude at Chaumont is 8 ppb which is comparable to 
summer conditions. Such a strong photochemical activity is not expected in late 
winter. As ozone production at Chaumont at that time is limited by solar radiation 
rather than by precursor concentrations, the strong photochemical activity is pro- 
bably due to enhanced radiation. This can be caused by two effects: the back- 
scattering at a fog layer and the increased UV radiation due to low total ozone. The 
latter influence can roughly be estimated. Compared to normal conditions, the 30% 
negative deviation of total ozone observed (243 DU) leads.to an increase of ozone 
photolysis of up to 80%. It is suggested that in this extraordinary case increased UV 
radiation lead to increased photochemical activity and caused an early surface ozone 
episode. 

OZONE AND QBO VARIATION IN THE EQUATOR ATMO- 
SPHERE 

G. S. Ivanov-Kholodny 
Institute of Terrestrial Magnetism and Radio Wave Propogation, Troitsk, 
Moscow Region, 142092 Russia. 
gromovaCtop. izmiran. troitsk. ru 

Quasibiennial oscillations (QBO) of the ozone concentration and temperature, 
which occure in phase with the quasibiennial variations of the solar ultraviolet 
are discussed. Physical mechanism for ozone influence on QBO of equatorial 
east-west stratospheric zonal wind are proposed. These winds are transfered to 
the troposheric heights with turbulent diffusion and can influence on the dy- 
namic of atmosphere. Thus the solar activity controls the origin of atmospheric 
circulation with QBO period. This can explain the initiation of some plane- 
tary atmospheric events in particular ENSO, which varies with double-QBO 
period. 

UV-B RADIATION AND OZONE BEHAVIOUR AT ROME 
STATION IN THE RECENT SIX YEARS 

G.R. Casale, Debus S., Meloni D., Siani A.M. and S. Palmieri 
University of Rome "La Sapienza", Phyiscs Dept., P.le A.Moro 2, 
00185 Rome-Italy 
palmieri@a»ma.uniroma 1 .it 

It is 'well known that the total ozone depletion is the main factor 
influencing the changes in solar UV irradiance at the earth's surface. 
At the midlatitudes an ozone decline associated to UV-B increase was 
observed (Kerr and McElroy, 1993; Zerefos et al., 1995; Seckmeyer 
and McKenzie, 1992). 
The solar UV-B (290-325nm) irradiance and daily total ozone data 
have been collected by Brewer spectrophotometry at Rome station 
since 1992. The below normal ozone episodes during the period 1992- 
199S are derived from the comparison between actual data and ozone 
long time series. The UV-B daily irradiances are analysed taking in 
account various atmospheric influences, such as cloud cover, turbidity 
and ozone content. Fluctuations, trends and anomalies in UV-B series 
are described and considered as a function of various temporal scales 
and dominating factors. 

THE INFLUENCE OF RADIATION ON TROPOSPHERIC 
CHEMISTRY. 

B. C. Ktiigei, F. Kirchner, and S. Perego 
Laboratoire de Pollution Atmospherique et Sol, Ecole Polytechnique 
Federale de Lausanne, CH-1015 Lausanne, Switzerland 
bemd.krueger@epfl.ch, Fax: +41-21-693-3626 

The effect of changes in the solar radiation on the chemistry of the 
troposphere has been investigated for a wide range of concentrations 
of hydrocarbons and nitrogen oxides, which covers many possible 
cases from clean to strongly polluted areas. Such changes of radiation 
might be caused by a reduction of the stratospheric ozone layer or by 
the variability of the atmospheric aerosol content. Model calculations 
were performed, which show, that the concentrations of atmospheric 
oxidants like ozone, hydrogen peroxide, nitric acid or PAN increase 
with stronger ultraviolet radiation in most cases. 
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LONG-TERM CHANGES OF THE SURFACE UV 
RADIANCE AT BELSK, POLAND, 1066-1996 

j. W. Krzyscin and J. Borkowski 
Institute of Geophysics, Polish Academy of Sciences 
Warsaw, Poland, januszj&igf.edu.pl/Fax: +48-22-370522 

The measurements of the daily UV dose by means of the Brewer spec- 
trophotometer (1993-1996) and the Robertson Berger meter (1976- 
1992) are combined to form the time series of the monthly means of 
the UV daily dose (erythemally weighted) for the 1976-1996 period. 
The UV time series for the 1966-1976 period is reconstructed based 
on the statistical model using the measured values of total ozone and 
global sun radiation (used as a proxy for the cloud and aerosols ef- 
fects on the UV) as the UV predictors. The reconstructed UV data 
for the 1966-1976 period shows a downward tendency. It seems that 
the global radiation changes influence mainly the UV level in that 
period. An increase in the UV dose of about 6% per decade (statis- 
tically significant) is forced by the total ozone depletion (about 4% 
per decade) over Belsk in the 1976-1996 period. The long-term vari- 
ations of the UV dose based on the model running for the 1976-1996 
period are almost the same as those from the measurements. This 
suggests that the long-term changes in other the UV forcing factors 
(e.g. ozone profile, optical characteristics of the clouds and aerosols) 
do not affects the UV trend significantly. 

Maximum UV-Levels Measured on Alpine Radiation Stations 

R.Philipona(l), A. Schilling (1), C. Fröhlich (I), A. Heimo (2) and A. 
Renaud(3) 
(1) Physikalisch-Meteorologisches Observatorium Davos, World Radiation Center 
PMOD/WRC, CH-7260 Davos Dorf, Switzerland. 
(2) Swiss Meteorological Institute, CH-1530 Payeme, Switzerland. 
(3) Institute for Atmospheric Sciences, ETH, CH-8093-Zurich, Switzerland. 

In the Swiss Alps UV-radiation is continuously measured at the radiation stations 
Davos (1610 m a.s.l.), Weissfluhjoch (2540 m a.s.1.) and Jungfraujoch (3580 m a.s.l.). 
UV-measurements are based on erythemally weighted UV-Biometers which 
predominately measure UV-B radiation, and broadband filter instruments measuring 
the UV-A part of the spectrum. Three UV-Biometers measure direct, diffuse and 
global UV-B components and are periodically exchanged and calibrated. At Davos 
and Weissfluhjoch an instrument with a 2 pi full view angle is mounted on a solar 
tracker to measure maximum UV-B radiation normal to the sun. Ground reflected 
components are measured at the station Weissfluhjoch. Analysis of measurements 
from the last two years focus on maximum UV levels for the different components. 
Clear sky maximum levels are compared to broken cloud cases for different 
integration times. 2 pi full view angle measurements for different solar zenith angles 
are compared with respect to the orientation of the instruments, for snow covered 
(winter) and uncovered (summer) surfaces. 

VOLKANIC ERUPTIONS IMPACT ON ULTRA VIOLET RADIATION REGIM 

G.I. Kuznetsov. A.V. Manoilo 
Atmosphere Physics Department, Physics Faculty, Moscow State University, 
e-mail: gik@atmk.phys.msu.su 

The response results of all UV flux radiation components (direct, actinic, upward, 
downward) in polar, middle and tropical latitudes on volcanic aerosols presense in 
the atmosphere after Penatubo and Al Chichon eruptions are presented in the report. 
For influence estimation of aerosols distribution fine structure the new model of UV 
radiation fluxes counting was developed. The model uses Edington delta method 
for approximate radiation transfer equation solution and high precise matheatical 
apparatus for providing high altitude (to 1 meter) and wave length (to 0.01 nm) 
resolutions and automatical fine structure searching. This model takes into account 
Rayleight and many-times scattering, ozne, aerosol and cloudiness delution and 
layer surface reflection. 
In me report the dependance of altitude structure and stectral distribution of our 
flux components transformation on volcanic aerosol distribution in middle and polar 
latitudes were analysed. The most interesting dependances are observed in the 
upward radiation spectral behaviour normed on the undisturbed radiation level. 
Upward flux responce on ozone change after eruption appear in local spectral 
maximum situated in the spectral areas 303 nm, 25% (tropics), 312 nm , 13% 
(middle) and 320 nm, 12% (polar) for Penatubo eruption. 

IMPACT OF OZONE PROFILE ON THE SURFACE 
UV RADIATION: ANALYSES OF THE UMKEHR AND 
UV DATA TAKEN AT BELSK, POLAND, 1976-1996 

B. Rajewska-Wiech, J. W. Krzyscin and M. Deg6rska 
Institute of Geophysics, Polish Academy of Sciences 
Warsaw, Poland, januszj&igf.edu.pl/Fax: +48-22-370522 

The trend analysis of the monthly means of surface UV daily doses 
(erythemally weighted) reveals an increase of the UV level at Belsk, 
Poland, of about 6% ± 1.3% per decade since January 1976. An im- 
pact of the ozone profile changes on the UV irradiances at the ground 
level is studied based on the Umkehr data. Temporal variations of 
the ratio of the ozone content in Umkehr layers 1-4 (about 0-23km) 
and that in Umkehr layers 5-10 (about 23-48km) is used as an index 
of the ozone profile changes over Belsk. The 1976-1996 trend in the 
ratio is -5.2% ± 1.4% per decade suggesting the stronger ozone de- 
pletion in the lower stratosphere than that in the upper stratosphere. 
Both the statistical model (regression of the UV monthly dose on 
monthly means of total ozone, global sun radiation, and the above 
mentioned ratio) and the radiative transfer model (LOWTRAN 7) 
show that the ozone profile changes over Belsk influence only slightly 
the long-term variations of the surface UV radiation there. 

USING SATELLITE MEASUREMENTS FROM GOME FOR THE 
ESTIMATION OF THE UV IRRADIANCE AT THE EARTH'S 
SURFACE 
P. Peeters (1), J.-F. Müller (1), P.C. Simon (1), E.A. Celarier (2) and J.R. 
Herman (2) 
(1) Belgian Insitute for Space Aeronomy, 3 Av. Circulaire, B-1180 Brussels, 
Belgium, (2) NASA/Goddard Space Flight Center, Greenbelt, MD, USA. 
philp«bira-iasb.oma.be/Fax: [32] 2-3730381 

We present some preliminary results of global UV fields estimation at the 
Earth's surface computed using data from the GOME instrument. A first simple 
model is used to test the best strategy for implementing the cloud modelling. It 
relies heavily on the cloud coverage estimation from GOME (ICFA and PMD 
measurements). A second, more accurate model will include the best approach 
and will be derived from the algorithm developed for the TOMS instrument by 
NASA/GSFC. 

SNOW AND CLOUDS EFFECTS ON THE ERYTHEMAL UV RADIA- 
TION. ANALYSIS OF SWISS MEASUREMENTS AND MODELIZATION 

A Renaud (I). J. Staehelin (1), R. Philipona (2) and A. Heimo (3) 
(1) Institute for Atmospheric Science, ETH-Zurich, Switzerland 
(2) World Radiation Center, Davos, Switzerland 
(3) Swiss Meteorological Institute. Payeme, Switzerland 
anne@atmos.umnw.ethz.ch 

Direct, diffuse and global erythonal UV radiation are continuously measured at 
Davos (1610 m a.s.l) and Payeme (490 m a.s.l.) by using UV-Biometers (Solar 
Light Co, model 501). This data set and a radiative transfer model (two-stream 
TUV) are used to estimate the effect of a snow covered surface as well as of a cloud 
cover on the etythemal UV radiation. 
In the presented analysis, the data at Davos from May 95 to April 96 were normal- 
ized to a constant total ozone amount (300 DU) and constant distance sun-earth 
(IAU) to avoid any influence of these factors. 
The clear sky radiation in case of a snow covered surface (winter) is found to be 
20-30% higher than without snow (summer), with an enhancement increasing with 
increasing zenith angle (40-60*). The snow effect for winter aerosol conditions is 
estimated by using the radiative transfer model. The attenuation due to a cloud 
cover is estimated for snow covered surfaces and snow free surfaces. The average 
attenuation is found to be 60-64% for a snow free surface, and 50-56% for a snow 
covered surface. The radiative transfer model is used to get an estimation of the 
optical depth of the cloud cover. 
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RELATIONSHIPS BETWEEN THE ATTENUATION OF SURFACE UV 
IRRADIANCE AND THE RADIATIVE PROPERTIES OF THE 
SATELLITE-DERIVED CLOUD FIELD. 

K. Tourpali(l), G. Tselioudis(2), A. Vassaras(I), A. F. Bais(l) and C. S. Zerefos(l) 
(1) Laboratory of Atmospheric Physics, Aristotle University of TJiessaloniki, Greece, 
(2) NASA/GISS, Columbia University, New York, USA tourpali@ccf.auth.er.'Fax:+30 
31248602 

Cloud observations from the International Satellite Cloud Climatology (ISCCP) 
dataset are combined with spectral and broadband surface UV irradiance 
measurements to study the effect öf varying cloud radiative properties on solar 
radiation received at the ground. From the satellite observations, cloud cover, cloud 
optical thickness, and cloud top pressure are retrieved and are used to derive 
radiometric definitions of cloud type. The global irradiance data are then correlated 
with the radiative properties of the cloud field, and the relationships between cloud 
type and the attenuation of surface UV irradiance are examined. In parallel, the 
satellite data are compared with conventional cloud observations from local 
meteorological stations to investigate the differences of the two methods and their 
suitability for use in solar radiation studies. The UV irradiance data used in this study 
are obtained from a Brewer spectroradiometer operating at Thessaloniki and from the 
network of broadband detectors of the University of Thessaloniki, covering a wide 
area over Greece. The analysis is done for two months, one in the summer and one in 
the winter season. 

ST15 Atmospheric ozone (co-sponsored by OA) 

Convener: Hirschberg, M.-M. 

04 Tropospheric ozone with emphasis on 
the Mediterranean region 

Convener: Varotsos, C. 

Free tropospheric ozone variations at Athens, Greece 

D. Atexandris 
Ozone Observatory, 33 Ippokratus Str., 106 80 Athens, Greece 

Many uncertainties still exists concerning the stratosphere-troposphere exchange 
(STE) of ozone. STE mainly occurs during the mid-latitude tropopause foldings as 
well as during cut-off low events. In the present study the stratosphere-troposphere 
ozone exchange over Athens, Greece, during the period from 1991 to 1997 is 
examined in relation to the presence of a cut-off low pressure system in the upper 
troposphere or a possible tropopause folding, when the station is close to the flank of 
an upper level trough. For this examination, the ozonesounding data during the above 
mentioned period are used along with the corresponding prevailing meteorological 
situation. 

Tropospheric ozone contribution to surface warming at Athens, Greece 

D. Alexandras 
Ozone Observatory, 33 Ippokratus Str., 106 80 Athens, Greece 

The atmospheric greenhouse effect and its contribution to global climate change are of 
great importance the last decades. The tropospheric ozone as a greenhouse gas has a 
significant role to the overall greenhouse effect In this study an estimation of the 
greenhouse effect over Athens, Greece, as deduced from satellite data up to 1992 and 
the contribution of tropospheric ozone is attempted. Additionally, the trend of 
tropospheric ozone is examined for the time period 1992-1997 in order to assess its 
contribution to the atmospheric greenhouse effect up to 1997. 

SHORT AND LONG TERM VARIABILITY OF THE VERTICAL 
OZONE PROFILE IN THE MEDITERRANEAN REGION 

G.Anccllet and M. Beekmann 
Service d'Aeronomie du CNRS, Paris, France. 
gerard.aneelleteaero.jus8ieu.fr/Fax: [33] 1 44 27 37 76 

The impact of Mediterranean emissions on free tropospheric ozone will be dis- 
cussed using, on one hand, a study of a long term time serie of ozone profiles 
measured at the Observatoire de Haute Provence (OHP) in Southern France, 
and on the other hand, a vertical cross section of ozone measured in September 
1996 along the East coast of Greece. The OHP time serie shows no positive 
trend of the yearly ozone mean during the 80s, but a significant change of 
the seasonal variation consistent with increased photochemical production in 
the summer. The importance of photochemistry is confirmed by the absence 
of a significant change in the strength of stratospheric ozone transport to the 
troposphere. The discussion of this climatologica! analysis will include a presen- 
tation of the data validation procedure which is mandatory for such a study. In 
order to illustrate the importance of Mediterranean emissions on ozone in the 
free troposphere, an example of an ozone rich layer transported from Spain to 
Greece will be discussed using airborne lidar measurements and meteorological 
analysis. 
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STUDY OF THE OZONE SINK ONTO ULTRAFINE AEROSOL 
PARTICLES. 

M Yu.Arshinov 0), and T.KrSklyadncva (1) 
(l)Institute of Atmospheric Optics, Tomsk 
inichael@lop.tomsk.su/Fax:+7(3S22)259086 

Since both the ozone and aerosols arc very important atmospheric contaminating 
components, and taking into account that ozone can promote the formation of 
aerosol particles and, on the other hand, aerosol particles can cause ozone 
destruction the investigation of the interrelation between these components very 
important for the interpretation of their transformation in the atmosphere. For the 
most part, information on this problem is based on the data obtained during, 
experiments carried out under laboratory conditions. In this paper we try to 
estimate the ozone sink based on the data obtained during measurements of ozone 
and aerosol concentrations in the real atmosphere. In 1993 in the.|r%newörk of 
TOR project (EUROTRAC programme) the station for ozone monitoring (TOR- 
station) has been constructed in the Institute of Atmospheric Optics !fTpmsk). All 
measurements of ozone concentration are accompanied with measurements of all 
standard meteorological quantities. In 1996 a diffusion battery was include to the 
measurement complex of this station. It allowed us to measure a number 
concentration of aerosol particles in the 3 to 200 nm diameter range. As a result of 
these measurements we have obtained continuous series of ozone concentration and 
aerosol size distribution in the surface boundary atmospheric layer near Tomsk, 
the rate of the ozone sink onto ultrafine aerosol particles is estimated. 

EARLY SPRING OZONE EPISODES: OCCURRENCE AND CASE STUDY 

Stefan Brönnimann. Institute of Geography, Hällerstr. 12,3012 Bern, Switzerland 

In Switzerland, near-surface ozone concentrations exceed 60 ppb for the first time of 
the year often already in February. Elevated rural sites (Chaumont, 1140 m asl, Rigi, 
1030 m asl) first show these ozone peaks. They are sited 600-700 m above the Swiss 
Plateau, which can form at that time a pool of cold, NOx-rich air. Later, in April, ru- 
ral lowland stations also show high peaks, while elevated sites already have monthly 
means of up to 50 ppb. Ozone peaks above 60 ppb in early spring (Feb-Apr, 1992- 
1997) typically occur in episodes of several days with high solar radiation and air 
temperature maxima above 6 °C. The corresponding NOx daytime mean at elevated temperature 

While in theKfewland" NOx concentrations can be too high for efficient'ozone for 
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sites is 5-10 ppb, which is close to the optimum concentration for ozone production 
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emissions from lowland sources influences the precursor concentrations, however, 
ozone is probably mainly produced above the lowland due to chemical limitations. 
More rarely, ozone peaks occur after sunset or in the early morning, indicating 
vertical or horizontal transport, possibly in reservoir layers. In all, early spring ozone 
peaks are caused by in-situ photochemical ozone formation rather than transport. 
A case study of 16-21 March 1990 shows a large scale ozone episode associated 
with a slowly eastward moving high-pressure system and high temperatures in Cen- 
tral Europe. Data from sites aligned west-east at different elevations in Switzerland, 
Tyrol, eastern Austria, and central Hungary show an increasing (from 70 to100 ppb) 
wliile slowly eastward moving ozone peak. It is suggested that ozone was formed in 
a large area travelling 1000 km within 3-4 days within the anticyclone. _ 
The study shows that long-lasting anticyclonic conditions, which were a dominant 
feature in spring 1996 and 1997 in Central Europe, can promote considerable photo- 
chemical ozone formation on a regional to large scale already in early spring. 

STUDYING PERIODS OF HIGH OZONE CONCENTRATIONS IN THE 
MEDITERRANEAN REGION DURING A 7-YEAR PERIOD 

A. Bastrup-Birk, J. Brandt, and Z. Zlatev 
National Environmental Research Institute, Department of Atmospheric Environment, 
Freriksborgvej 399, P.O. Box 358, DK-4000 Roskilde, Denmark. E-mail: 
Iuabb@sun4.dmu.dk / Fax: +45 4630 1214 

Tropospheric ozone is one of the most harmful pollutants causing damages to human 
health and plants. According to the EU regulatives the population should be informed 
when the hourly values of the ozone concentrations are greater than 90 ppb. Moreover, 
warning must be sent whenever these values exceed 180 ppb. The damaging effects on 
vegetation depend on the magnitude of the cumulative ozone exposure. Therefore both 
the damaging effects on human health and on plants must be carefully studied. The 
long-range transport model, the Danish Eulerian Model (DEM), has been used in this 
work. Meteorological data from 7 consecutive years, from 1989 to 1995, have been 
used in different scenarios for varying emissions of NOx and VOC. Advanced 
visualization techniques are used to interpret this large amount of digital data. The 
model results have been compared with measurements taken at stations located in the 
Mediterranean region. Furthermore, DEM has been coupled to the effect model 
(TreGro) in order to determine the impact on trees. It is shown that the information 
and warning threshold for the EU population, and the cumulative ozone exposures for 
plants are highly exceeded in most of Europe and especially in the Mediterranean 
region. 

ON THE ROLE OF AIR POLLUTION ON THE SOLAR RADIATION 
REACHING THE GROUND 

A. Catsambasl, E. Feretis2, N. Sakelariou3, K.Ya. Kondratyev4 and CAntonioul 
(1) Photobiological Unit of+A. Syggros; Hospital, 5 Dragoumi Str., Athens Greece 
(2) B t Eye Clinic of+E. Stauros; Hospital, 1 Er. Staurou Str., Athens, Greece 
(3) National Observatory of Athens, Lofos Nimfon, Thision, Amens Greece 
(4) Russian Academy of Sciences, St. Petersburg Research Center for Ecological 
Safety, 18 Korpusnaya Str., 197042 Russia 

Solar Ultraviolet Rariation (UV-A and UV-B) measurements at Athens, Greece (380N, 
240E) are examined with respect to the influence of photochemical pollution. 
Furthermore results of UV irradiance as deduced from a simple parametric model are 
compared with actual field measurements. The results show that the hypothesis of 
UV-B depletion is significant at an almost 95% confidence level. It is also shown that 
photochemical pollution effect on UV-B is as three times larger as on UV-A irradiance 
levels. 

PECULIARITIES OF THE OZONE FORMATION IN THE BOUNDARY 
LAYER OF THE ATMOSPHERE OVER SOME REGIONS OF THE 
FORMER USSR 

B.D.Belanü). G.O.Zadde(l,2), and G.N.Tolmachev(I) 
(1) Institute of Atmospheric Optics SB RAS, Tomsk, (2) Tomsk State University 
beIan@lop.tomsk.su 

Since 1988 till 1991 the Institute of Atmospheric Optics has carried out regular 
airborne sounding of ozone over the whole territory of the Former USSR in the 
tower troposphere up to 8 km altitude. The data processing showed that the most 
significant peculiarities of ozone generation occur in the boundary layer of the 
atmosphere. There is only small latitudinal gradient above the boundary layer of the 
atmosphere. These peculiarities lies in the following facts. Altitude and intensity of 
ozone concentration maximum depends on properties of underlying surface. The 
highest altitude and intensity were recorded over regions covered by forests. There 
is longitudinal gradient of ozone concentration in the boundary layer of the 
atmosphere which is oriented from eastern to western regions. There is a lower 
surface inversion which results in two-layer ozone generation. In the boundary 
laver of big industrial centres, emissions from enterprises influence the strength of 
the ozone concentration maximum. They reduce its level. The ozone concentration 
decreases in the presence of the atmospheric fronts. It is regenerated during next 1 
or 2 davs. This study was financed by Russian Foundation of Basic Studies ( grant 
M> 96-05-64332). 

TROPOSPHERIC OZONE RELATED CHANGES IN BIOLOGICALLY 
ACTIVE ULTRAVIOLET RADIATION 

A. Catsambasl, E. Feretis2, N. Sakelariou3, K.Ya. Kondratyev4 and CAntonioul 
(1) Photobiological Unit of+A. Syggros; Hospital, 5 Dragoumi Str., Athens Greece 
(2) B t Eye Clinic of +E. Stauros; Hospital, 1 Er. Staurou Str., Athens, Greece 
(3) National Observatory of Athens, Lofos Nimfon, Thision, Athens Greece 
(4) Russian Academy of Sciences, St Petersburg Research Center for Ecological 
Safety, 18 Korpusnaya Str., 197042 Russia 

The influence of temporal surface ozone variations on the solar ultraviolet radiation 
reaching the ground is investigated. Comparison between historical (1900-1940) and 
recent (1987-1997) surface ozone data, monitored at Athens is discussed, in order to 
detect the plaussible variations in Ultraviolet Radiation reaching the ground. 
Furthermore the confirmation of the hypothesis that increased levels of atmospheric 
pollution may act as filter to the transfer of solar ultraviolet radiation to the surface is 
attempted. 
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APPLICATION OF CHEMILUMINESCENT OZONE ANALYZERS 
UNDER GEOPHYSICAL AND LABORATORY EXPERIMENTS 

V.P.Che«banov (h. L-S.Ivlev (2V 
(I) OPTEC Ltd., St.Petersburg, Russia, (2) Institute for Physics, 
St.Petersburg State University, Russia 
chet@lekmedial.ipb.su/ Fax: 7-812-812-5159,7-812-327-7222 

it is known that the chemiluminescence observed during the oxidation of 
organic substances in heterogeneous conditions is used as a basis Tor building 
inexpensive, yet rather sensitive, contact-type gas analyzers for ozone. Having 
light weight, long life time, high response time and sensitivity such analyzers are 
used for solving tasks of ozone atmospheric monitoring and laboratory 
research. However by the moment the features of chemilumlnescent sensors 
applications for the ozone concentration measurement under extending dynamic 
range conditions as well as interference of measured concentration range and life 
time duration, sensitivity stability in time of chemilumlnescent sensor were not 
studied enough. This paper investigates tome features of heterogeneous 
chemiluminescent ozone sensors operation, limits for the sensors application and 
measurement procedures based on chemiluminescent sensors and system 
analysis of sensors metrological specifications. Requi rements for the design of 
chemiluminescent ozone analyzers used as a part of automatic atmosphere 
pollutant control stations and analytical laboratories have been formed. 

On the seasonal variation of photo-oxidants at the greater Athens area 

G. Chronopoulos and C. Varotsos 
University of Athens, Dept. of Applied Physics, Panepistimioupolis Build. PHYS-V, 
15784 Athens Greece 

On the present study, the seasonal variation of photo-oxidants 03 and Ox 
(Ox=03+N02) is examined. Analysed data concern the period 1990-1996 and cover 
the whole greater Athens basin. The seasonal analysis concerns Summer 
(May-August), Winter (November - February) and transition (March, April, 
September, October) periods. Analysed data have been devided into three categories 
(24-hour, daytime and night-time) and the major statistical parameters were examined 
(mean value, median, standard deviation). Parallel to the seasonal variations, 
plaussible correlation between surface ozone and Ox concetrations are discussed. 
Results show a pronounced decline on surface ozone concentrations during the last 
years. 

GAS PHASE REACTION OF HYDROXYL RADICAL WITH THE 

NATURAL HYDROCARBON BORNYL ACETATE 

C. Coeur, V.Jacob and P. Foster 

GRECA Grenoble university 

E-mail: greca@iutujf-grenoble.fr 

The gas phase reaction of bornyl acetate (bicyclo[2,2,l]-heptan-2-oI-l,7,7- 

trimethyl-acetate), VOC emitted by Mediterranean trees (orange and mandarin 

trees) with hydroxyl radical has been studied. The rate constant determined at 

294 ± 2 K is k - (13.9 ± 2.2) x 1011 cm3.molecule-l.s"'. The experimental rate 

constant has been compared with the rate constants calculated with the structure- 

activity relationship (SAR) and with the evolution trend of the acetate rate 

constants. l,7,7-lrimelhyl-bicyclo[2.2. l]-hep!an-2-one. l,7,7-trimethyl-5-acetyloxy- 

bicycto[2.2.1J-heptan-2-one and l,7,7-trimethyl-6-acetyloxy-bicyclo[2.2.1]-heptan- 
2,3-dione were identified as degradation products. Their estimated formation yields 

were very low (< 1 %). The reaction of bornyl acetate with OH radical leads to 

organic aerosols. The fraction of the carbon initially present that is converted to 

aerosol, has been estimated to about 5%. 1.7,7-trimethyl-6-acetyloxy-bicycto[2.2.1]- 
heptan-2,3-dione has been identified as aerosol product 

On the statistical analysis of tropospheric and stratospheric ozone content over 
Athens Greece 

M. Efstathiou 
University of Athens, Department of Applied Physics, Panepistimioupolis Build. 
PHYS-V, 157 84, Athens, Greece 

This study reports observations of the total ozone content (TOC) made by Dobson 
spectrophotometer at Athens Greece (38N.24E) for the time period 1994-1997. We 
have also used the ozonesoundings performed regulary at Athens, the same time 
period in order to define by integration the total tropospheric ozone amount The final 
purpose is to separately study both the tropospheric and stratospheric total ozone 
content by means of Fourier analysis paying special attention to the TOC minimum at 
1996. 

A STATISTICAL MODEL FOR THE RELATIONSHIP OF OZONE AND ITS 
PRECURSORS AT ATHENS BASES' 

G. Chronopoulos, D. Alexandras and C. Varotsos 
University of Athens, Dept of Applied Physics, Panepistimioupolis Build. PHYS-V 
15784 Athens Greece 

Concentrations of surface ozone and its precursors (Nox and hydrocarbons) at Athens 
Basin are correlated with the temperature at 850 hPa level. The expression of the 
relationship of ozone to its precursors via polynimiat and multiplicative regression 
models is attempted. Results show that, according to the regression models, the 
correlation coefficient increases from 0.73 to 0.98 

ON THE ORIGIN OF THE ELEVATED SURFACE OZONE 
CONCENTRATION IN SPAIN 

L- Q""""? (0. A. Rua (2), I. Martin(3), R. Garcia(3) and E. Hemandez(3) 
(1) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(2) Deparment of Statistic and Operative Investigation II. Complutense University 
Campus de Somosaguas, 28223, Madrid, Spain. 
(3) Deparment of Air Physics. Complutense University, Ciudad Universitaria 
28040, Madrid, Spain. 
E-mail: (.gimenoÄivigo.es 

The objective of this work is to study the influence of three mechanisms in the 
high surface ozone concentration of the Spanish EMEP stations. These 
mechanisms are: Photochemical production from organic compounds and nitrogen 
oxides, exchange of air between the Planetary Boundary Layer and the free 
troposphere and the advection of ozone. To do this we have designed a new 
method that use multivariate analysis and the average ozone concentrations, NO» 
concentrations, Ieght of the air mass trajectories reaching the stations and 
emissions of NO,. Results suggest that high surface ozone concentrations are 
controled by photochemical production if the source is close to the station. If the 
distance from the source to the station rises, the influence of the NO, emissions 
become more important. 
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GEOGRAPHYCAL SOURCES OF SURFACE OZONE IN SPAIN 

L. Gimeno (1), A. Rua (2), I. Martin(3), R. Garcia(3) and E. Hernandez(3) 
(1) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 

Ourense, Spun. 
(2) Depannent of Statistic and Operative Investigation n. Complutense 
University, Campus de Somosaguas, 28223, Madrid, Spain. 
(3) Depannent of Air Physics. Complutense University, Ciudad 
Universitaria, 28040, Madrid, Spain. 
E-mail: Lgimenoftivigo.es 

Geographycal sources of surface ozone in five Spanish EMEP stations are 

studied using the air mass trajectories that arrive at the stations together 

with the CPFs (Conditional Probability Functions). Results show that 

regions with strong NO, emissions placed far away the stations are. the 

main sources of ozone in Spain. So, the center of Europe and the middle 

Mediterranean area are the two main geographycal sources of surface 

ozone in Spain. 

TRANSPORT OF OZONE AND ITS PRECURSORS FROM SOUTH 
EUROPE REGION AND ITS INFLUENCE ON OZONE LEVEL IN 
LITHUANIA 

R. Giriizdiene. A. Mikelinskiene, A. Oirgzdys 
Institute of Physics. Vilnius 
raseleg@ktl.mii.lt /Fax. +370-2-617070 

According to separate authors surface ozone concentrations in rural areas of Europe 
have been increasing at a rate of 1 to 3% per year over the past two decades. Surface 
ozone data show an increase by 2.5% per year over 1982-1996 at the coastal rural 
station Preila. Lithuania. An increase of ozone maximum concentration by 1% per 
year during this period is observed. The ozone level increase in Lithuania is mainly 
determined by the transport of polluted air masses rather than by local pollution. The 
ozone and its precursors concentrations are analyzed during episodes when the air 
mass from south Europe reached the Lithuanian territory. The air mass transport 
from this region is registered when the eastern part of the southern cyclone moving 
via the Czech. Poland and the Baltic sea reaches the Lithuanian territory. The 
southern air mass transport is observed also in the front part of the cyclone that is 
moving over north Poland from the West Atlantic Ocean. More rarely the southern 
transport is determined by the settled western part of a powerful Siberian 
anticyclone. The investigated cases were grouped over cold and wann periods of the 
year. Air masses from south Europe during the warm period are mostly distinguished 
for high ozone (>70 ppb) and other species level. During the cold period ozone 
concentrations are usually under 50 ppb. 

MONTHLY VARIATION OF THE SURFACE OZONE IN SPAIN 

L. Gimeno (1), A. Rüa (2), I. Martin(3), R. Garcia(3) and E. Hernandez(3) 
(1) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(2) Depannent of Statistic and Operative Investigation n. Complutense 
University, Campus de Somosaguas, 28223, Madrid, Spain. 
(3) Depannent of Air Physics. Complutense University, Ciudad 
Universitaria, 28040, Madrid, Spain. 
E-mail: l.gimeno ftivigo.es 

This study summarized the analysis of the monthly ozone concentrations 

done in five Spanish EMEP stations. From of the five considered stations 

show the typical natural spring maximum. This maximum extends into 

summer in two of the stations. In one of the stations the maximun is 

reached in summer and it is due to the proximity of this station to strong 

nitrogen oxide emission areas. 

On the Ozone Content of the free troposphere over Athens Greece as derived by 
using in situ techniques 

T. Iatrou 
Ozone Observatory, 33 Ippokratous Str., 106 80 Athens, Greece 

Ozone Content of the free troposphere over Athens Greece during the winter-spring 
period is examined based on observations made by using the ozonesounding 
technique. This study covers the period 1991-1997 when intensive ozonesounding 
campaigns took place at Athens, Greece (38 >J, 24 E). Variations of tropospheric 
ozone are correlated with the corresponding Total Ozone Content (TOC) ones during 
the same period. The impact of prevailed meteorological condition is discussed. 
Additionally integrated TOC values as derived from ozonesounding profiles, Dobson 
#118 spectrophotometer and TOMS/SBUV satellite bom measurement are cross 
examined. Finally a first approach on the evaluation of satellite bom SBUV data 
concerning the lower atmospheric ozone content is attempted. 

DIURNAL VARIATIONS OF THE SURFACE OZONE IN SPAIN 

L. Gimeno (1), A Rüa (2), I. Martin(3), R Garcia(3) and E. Hernandez(3) 
(1) Faculty of Sciences, University of Vigo, Campus de As Lagoas. 32002, 
Ourense, Spain. 
(2) Deparment of Statistic and Operative Investigation n. Complutense University, 
Campus de Somosaguas, 28223, Madrid, Spain. 
(3) Deparment of Air Physics. Complutense University, Ciudad Universitaria, 
28040, Madrid, Spain. 
E-mail: l.gimeno ffuvigo.es 

In this study we present the diurnal and monthly variations in die surface ozone 

concentrations of five Spanish remote stations belonging to the EMEP network. In 

one of the stations die diurnal cycle is dominated by the breeze wind flow regime 

reaching a peak in the morning. In two of the stations, a maximun in the afternoon 

is presented because of the turbulent mixing producing appreciable downward 

ozone flux. In the order two stations no maxima are produced. In one of them this 

result is due to the strong westerly winds that dominate the air flow and the low 

solar insolation. In the other station the reason are two phenomena: the mountain 

induced flow regime that produce high concentrations during the night and the 

photochemical production that results in high concentrations during the afternoon. 

TIME VARIABILITY OF GROUND OZONE CONTENT WITHIN 
DIFFERENT CLIMATE REGIONS OF THE EARTH 

L.S.lvlev(l), V.P.Chelibanov (2) 
(1) Institute for Physics, St.Petersburg State University, Russia 
(2) OPTEC Ltd, St.Petersburg, Russia 
chel@lekmedial.spb.su/Fax: 7-812-218-5159,7-812-327-7222 

The time variability of ground ozone content has as regular pseudoperiodical) 
so unregular character. The first type of variability is caused by sunearth 
connections as well atmosphere general circulation and wave motion. The 
statistic analysis of ozone experimental data has been carried out to determine 
different fluctuation periods from minute to season variations for various 
climate regions from polar to tropical latitudes. Daily, 48 hours and season 
variations a« shown evidently .The variations with shorter periods depend on 
many factors including observation latitude, profile and type of ground surface. 
An interference of wave processes of different origins which is responsible for 
period duration changes is assumed to exist. A special attention was paid to 
the nature of fluctuations with periods from 5 to 7 minutes. The second type 
Of variability is caused by aperiodic atmospheric processes in particular by 
discharging ozone destructing and ozone generating substances of different 
concentrations and flow rates into atmosphere. Sources of aerosols of different 
nature as well nitrogen oxides, organic substances have a special significance. 
Experimental data on ozone concentrations in dependence of aerosols and 
nitrogen oxides are considered. 
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SURFACE OZONE CONCENTRATIONS AT RURAL 
LOCATIONS IN POLAND IN 1996 

J. Jarostawslci (1), G. Przybylska (2) 
(l)Institute of Geophysics, Polish Academy of Sciences Ks. Janusza 
64, 01-452 Warsaw, Poland (2)Institute of Meteorology and Water 
Management Podlesna 64, Warsaw, Poland 

The results of surface ozone measurements performed at five stations 
are presented. Measurement stations are lokalized out of direct influ- 
ence of pollution sources (except station in Warsaw). The results of 
ozone measurements give us the information how high are ozone con- 
centrations and their daily and seasonal variations in various regions 
of Poland, regarded as having clean or almost clean air. Frequent 
epizodes of high ozone concentration were observed at all stations in 
the first half of 1996. First of them occured in February, when daily 
means at rural stations were above 100 /ifl/m3. Similar episodes oc- 
cured in March, April and June. Analysis of episodes indicate that 
they were caused (except the last one) by dynamical transport of air 
from the upper layers of the atmosphere. Analysis of ozone concen- 
trations dependence on meteorological parameters and other gaseous 
pollutants (N02, S02,CO) for Belsk station indicates that dynamical 
processes (vertical and horizontal airmass transport) have substantial 
influence on changes of surface ozone concentrations. 

FIVE-YEAR RECORD OF OZONE AT MT. BROCKEN (GERMANY) - 
IMPLICATIONS FOR CHANGING HETEROGENEOUS CHEMISTRY 

D. Möller. D. Kalaß, K. Acker and W. Wieprecht (Brandenburg Technical University 
D-03013 Cotlbus, P.O.Box 10 13 44, Germany) 

Theoretical studies using models with coupled gas and liquid phase chemistry 
suggested that not only the net formation of ozone could be reduced in clouds but also 
heterogeneous destruction could be possible. Several possible pathways of ozone 
sinks in clouds we discussed recently concerning first experimental findings of ozone 
depletion at Mt. Brocken [Acker et al., 1995]. Since 1992 we record the ozone 
concentration beside several other air and cloud chemical and physical parameters at 
Mt. Brocken. Now we present the changing seasonal amplitude of ozone (increasing 
winter ozone concentration whereas the summer ozone remains nearly constant) as an 
indication for a loss of winter time ozone destruction in clouds. We found that 
between the amplitude (summer/winter ratio) and the station elevation above sea level 
a strong correlation exists. However, the corresponding ratio for Mt. Brocken 
exceeded the expected one (2.3) nearly by a factor of two in 1992. Till 1996 we 
observed a decreasing amplitude, now in agreement with the „normal" correlation. 
Considering parallel changing cloud chemistry parameters (e.g. acidity) we present 
the hypothesis of loosing ozone removal capacity in the winter season. Moreover, we 
would like to stimulate the discussion on the importance of heterogeneous sink 
processes for the mesoscale oxidant budget. 
K.  Acker,     W.   Wieprecht,   D.  Möller,   G. Mauersberger,   S. 
Naumann and A.  Oestreich   (1995)  Waturwiss.   82,   86-89 

CHARACTERIZATION OF AEROSOL PROPERTIES AND DIRECT 
RADIATIVE FORCING AT AN ANTHROPOGENICALLY PERTURBED 
CONTINENTAL SITE 

Koloutsou-Vakakis S. (1), Carrico C. M. (1), Li Z. (1), Rood M. J. (1) and Ogren J. 

(1) Department of Civil Engineering, University of Illinois at Urbana-Champaien, 
Urbana, IL 61801. (2) NOAA-CMDL, Boulder, CO 80303 
sotiria@acm6.me.uiuc.edu/Fa\: 217-333-6968 

Ambient, aerosol particles affect the radiation balance of the Earth directly or 
indirectly. This can have an effect on climate but also on tropospheric ozone chemistry 
and vertical distribution as more radiation can be available above than below the 
aerosol layer. In addition, secondary paniculate pollutants are formed by the same 
precursors as ozone. Therefore, ozone chemistry and aerosol particle chemistry and 
optical properties are interrelated. Measurements of optical, chemical and physical 
properties of ambient aerosol particles were obtained during 1995 at a sampling 
station, at Bondville (N 40o 03' 12" N, 88o 22' 19" W), Illinois. USA, a site 
representative of a continental anthropogenically perturbed environment. The 
inorganic water soluble aerosol comprised half of the total gravimetric mass and it was 
dominated by ammonium and sulfate ions. Organic and elemental carbon constituted 
the rest of the gravimetric mass. The upscatter fraction and the hygroscopic growth 
factor as functions of wavelength of light were quantified from the measurements. The 
quantified parameters were used in a box model to estimate the difference in the 
clear-sky shortwave flux at the top of the atmosphere caused by the aerosol particles 
in the region. 

NUMERICAL INVESTIGATION OF THE INFLUENCE OF BIO- 
GENIC EMISSIONS ON OZONE IN SAXONY (GERMANY) 

A. Miinzenberg-St.Denis and E. Renner, R. Wolke 
Institute for Tropospheric Research, Permoserstr. 15, D-04303 Leipzig, Ger- 
many. 

Biogenic emissions of e.g. terpene and isoprene (emitted by trees, for example) 
and NO (as a product of microbial degradation) modify the ozone concen- 
trations close to the ground especially in rural areas. These substances are 
extremely reactive and contribute considerably to the oxidation capacity of the 
troposphere. This kind of emissions can only be influenced to a certain degree 
by human beings. 
The model system METRAS - MUSCAT - Euro-RADM is used to investigate 
the impact of biogenic emissions on the ozone concentrations under summer 
conditions. The model was applied to the area of Saxony (Germany) where 
major rural areas can be found. Included is a sensitivity study about the influ- 
ence of the emissions from rape on the ozone production in the model domain 
because rape is one of the major crops grown in Saxony. 

PRODUCTION AND EMISSION OF ACETALDEHYDE IN TREES 

J. Kretizwieser and H Rennenberg 
Institut für Forstbotanik und Baumphysiologie; Universität Freiburg 
kreuzwie@sun2.ruf.uni-freiburg.de 

The photolytic and oxidative destruction of the tropospheric trace gas acetaldehyde 
results in a net production of ozone. Acetaldehyde is either directly emitted into the 
atmosphere or is produced there by oxidation of hydrocarbons. Besides industry, the 
combustion of fuels and biomass burning are considered as major sources of 
atmospheric acetaldehyde. Although acetaldehyde is known to be synthesised in the 
biosphere by a wide range of organisms, its emission from biogenic sources into the 
atmosphere is poorly understood. In the present studies we examined the metabolic 
origin of acetaldehyde and its emission by the leaves of young poplar trees. 
Treatments which increased the ethanol concentration of the xylem sap 
significantly enhanced acetaldehyde emission by the leaves. Since plants fed with 
"C-radio-labellcd ethanol emitted labelled acetaldehyde by the leaves it is assumed 
that acetaldehyde is synthesised through oxidation of ethanol xylcm derived by leaf 
alcohol dehydrogenase. Further labelling experiments suggested that etbanol 
delivered to the leaves is produced in anaerobic zones of the roots by fermentation 
processes. Flooding the root system caused anoxic conditions in the rhizosphere 
and resulted in significantly increased ethanol concentrations in the xylem sap. 
From these results it is hypothesised that acetaldehyde emitted by the leaves of 
plants originates from xylem transported ethanol which is synthesised during 
alcoholic fermentation in die roots. 

PHOTOCHEMICAL SMOG IN SANTIAGO DE CHILE - RELATION- 
SHIPS BETWEEN PRECURSORS NOx, CO, NMHC AND SECONDARY 
COMPOUNDS OZONE AND PAN 

B. Rnppcnelftck MV P. Oyola (2). I. Olacla U. (3). P. Fabian (1) 
(I)  Lehrstuhl  für  Bioklimaiologic  und   Iinmisionsforscliung.   University  of 
Munich. (2) Comision Naci6nal del Medio Ambiente: Santiago. (3) Scrvicio 
Salud del Medio Ambiente. Santiago 
rnppciigliicckfrmei.forstuni-mucnchcn.dc 

In November and December 1996 a campaign called PHOTOCHEMICAL 
CAMPAIGN took place in Saniingo dc Chile covering a range of simultaneous 
measurements of meteorological parameters mid air chemical compounds 
including o/onc. CO. NO,. PAN and on-line NMHC. 
Strong emissions of primary pollutants during stagnant weather conditions lead to 
a rapid increase of CO. NO,, and NMHC in Santiago Intensive global radiation 
during daytime, temperatures between 3ti»C-35»C and the specific orographic 
situation of Santiago de Chile close to the highest mountain ranges of the Andes 
that leads to the development of a very persisting vn!le>-mountnin-brcc/.c system 
favours the formation of photoo\id;ints through effective consumption of primary 
pollutants in the course of the day. Similar conditions innv be found in the 
Mediterranean Area as was shown during MEDCAPHOT-TRACE However, the 
case ofSaniingo shows a unique example to study the evolution of photochemical 
smog since episodes occur almost dailv and arc pronounced, with high PAN 
values, a specific indicator for anitiropogcnic driven photochemistry 
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OZONE INJURY SPATIAL PATTERN IN ALEPPO PINE AND AIR 
«OLLUTION DYNAMICS IN THE MEDITERRANEAN. 

MJ.Sanzd), A. Caltayud (1) and E. Calvo (1) 
(DFundacionC.E.A.M. 
mjose@ceam.es 

Interdisciplinary studies, combining the evaluation of effects with the 
tracking of photooxidants (i.e. ozone) and the meso-meteorological 
interpretation of the data, have been carried out in eastern Spain since 
1994. Mesoscale circulations are very important from the point of view 
of how and where forest ecosystems are affected by point sources and 
regional air pollution in the'Mediterranean area. The recirculation 
processes in the Mediterranean strongly influence the ozone daily and 
spatial patterns. First results of these field surveys show that during 
1994. 95 and 96, visual ozone injury (chlorotic mottle) in Pinus 
halepensis was well correlated with the penetration of the sea breeze in 
coastal valleys of Castellön. AOT40 calculated for the monitoring 
stations located in the Mijares valley show values under the threshold 
(10.000 ppb.h) near the city of Castellön, whereas in the other stations 
inland along the vallev the threshold is surpassed all summer long until 
September-October. Ozone seems to be able to affect Aleppo pine under 
different climatic conditions. And chlorotic mottle can be used as a field 
indicator of the degree of ozone effects, even in different climatic 
conditions. Finally, a higher percentage of chlorotic mottle is present in 
needles of Pinus halepensis from the valley localities closer to the 
seashore, where the Seabreeze entrance is more frequent during the 
whole vear. This mechanism brings high ozone levels inland from the 

THE ROLE OF ANTHROPOGENIC AND BIOGENIC EMISSIONS 
ON TROPOSPHERIC OZONE FORMATION OVER GREECE 

M. Varinou (1). G. Kallos (1), G. Sistla (2) 

(1) Dept. of Physics, Laboratory of Meteorology, University of Athens 
varinou@etesian.dap.uoa.gr, (2) State University of New York at Albany, 

Albany, New York 

In this study an attempt was made to examine the response of a grid-based 
photochemical mode! on the simulated tropospheric ozone levels for various 
emission patterns. More precisely, the role of the biogenic emissions to the 
tropospheric ozone formation over areas with significant anthropogenic 
sources is investigated. The area of interest is the SE part of the Greek 
Peninsula where there are various types of anthropogenic pollutant sources 
including large urban areas, major industrial installations, power plants, main 
traffic routes and it is covered by various types of forests in a large extent 

For this purpose ozone air quality simulations were performed using the 
combined system of the atmospheric model RAMS and the photochemical 
model UAM. Simulations were performed using various emissions scenarios 
with and without the implementation of biogenic inventories. 

DAILY OZONE PATTERNS AND AOT40 INDEX IN EAST COAST 
OF THE IBERIAN PENINSULA 

M.J. Sanz I 1). A. Carratala (1), E. Mantilla (I) and M. Millan (I) 
(l)FundaciönC.E.A.M. 
Dori9ceam.es 

The complexity of air mass dynamics in the Mediterranean has already 
been quite well documented in several EU research projects conducted in 
the area since 1989 (MECAPIP, RECAPMA and SECAPJ.It is dear now 
that the recirculation processes involved, in which new emissions (NOx 
and other precursors) are incorporated, strongly influence the daily and 
spatial ozone panems in the Mediterranean. In this sense, the results 
from the Valencian Community air quality network, show that within a 
natural pathway of air mass transport (e.g. a valley ) three different 03 
diurnal pattern's are clearly distinguished: high elevation, medium and 
coastal sites. High altitude sites are characterised by maintaining an 
almost constant high 03 level throughout the day (no diumal cycle). 
Low altitude sites have maximum levels coinciding with daylight hours 
and close to zero 03 levels at night (diumal cycle). At the medium 
altitude sites the maximum values occur in the daylight hours: however, 
03 levels never drop to zero. These different patterns change in the 
narrow range of 50 to 60 km (smaller than the minimum EMEP model 
grid of 50 or 150km). which implies a huge spatial variability in the area. 
AOT40 index for 3 and 6 months are calculated as a running value 
tnroUtfh the year and compared for Ihe different 03 patterns. Also, 
several daylight windows have been used in the AOT40 calculations in 
order to check the sensibility of the index to the time window choice and 
to the different ozone daily panems compared to the AOT40 calculated 
for real day hours (radiation>50w/m2). It has been concluded that all 
daytime windows, produce overestimations in diumal evele sites and 
underestimations in non diumal cycle sites of the AOT40 values when 
they are compared with the real day time hours (radiation>50w/m2). 

Solar effective W »radiance at height levels form the surface to the tropopause 

C. Varotsos (I), D. AIexandris(2) and G. Chronopoulos(l) 
(1) University of Athens, Department of Applied Physics, PanepistimiouDolis Build. 
PHYS-V, 157 84, Athens, Greece 
(2) Ozone Observatory, 33 Ippokratus Str., 106 80 Athens, Greece 

Measurements of the solar biologically effective UV radiation were carried out during 
the period from 7 to 14 June 1997 by using a radiometer flown on a Falcon aircraft, at 
several altitude levels, from sea level up to 13 Km. The results showed that an increase 
occursvof about 8-13% per kilometer throughout the troposphere in the biologically 
effective UV radiation.This increase has been compared with the burden ozone content 
at each height level as it was derived from concurrent ozone measurements obtained 
from ozonesonde ascents. This comparison showed a strong correlation between the 
biological effective UV radiation and the total ozone content above the UV 
measurement height level. 

Tropospheric ozone and Sulpher dioxide in Cairo atmosphere. 

Wafik M. Sharobiem and Ashraf S. Zakey. 
Research Department, The Egyptian Meteorological Authority 
P. 0. Box 11784 , Cairo, Egypt 
Tel.: (202)2849858 , Fax : (202)2849857 
E-Mail: ma@idsc.gov.eg 

Surface ozone (03) and sulpher dioxide (S02) gas were evaluated in the atmosphere 
of a residential site at Cairo (30.05 N ,31.17 S) from October 1994 to March 1995. 
This work discuss sources of ozone and sulpher dioxide in the atmosphere particularly 
with regard to the relative contributions of fluxes from the stratosphere and that 
created due to photochemical reactions. Hourly concentration of S02 shows that the 
maximum value was at 9 am. associated with traffic emissions which is a major 
source of S02 in this period and residential area. The diumal variation of ozone 
concentration exhibits it peak values in the afternoon which indicate a strong 
contribution of photochemical smog. 

On the role of the Lower-Stratospheric Circulation to the Vertical Ozone 
Structure 

C. Varotsos (I), D. Alexandris(2) and G. Chronopoulos(I) 
(1) University of Athens, Department of Applied Physics, Panepistimioupolis Build. 
PHYS-V, 157 84, Athens, Greece 
(2) Ozone Observatory, 33 Ippokratus Str., 106 80 Athens, Greece 

The examination of the role of the lower stratospheric circulation to the vertical ozone 
distribution, is attempted by using the vertical ozone profiles collected by 
balloon-borne sondes released at Athens, Greece (38 N, 24 E), throughout the period 
1989-1997. The most pronounced features of the ozone structure, such as lamination 
phenomenon, minimum of ozone partial pressure at the height region of 14-17 km and 
ozone minima at the height region of 20-25 km, have been used in order to create 
groups of relevant profiles. The occurrence of the above mentioned features, 
correlated with the circulation pattern, leads to the following preliminary results: a) 
Laminated features are associated with the north-northwest circulation in the lower 
stratosphere; b) The lower stratosphere?s characteristic ozone minimum is related to 
the influence of the subtropical jet stream circulation; and c) The observed ozone 
depletion at the height region of 20-25 km, is characterized by the movement of the 
polar vortex to the mid-latitudes, resulting more intense north-western circulation 
above our experimental site. 

C761 



ON THE ROLE OF SEA SALT PARTICLES IN POLLUTED MARINE AREAS 

C. Varotsos 
University of Athens, DepL of Applied Physics, Panepistimioupolis Build. PHYS-V, 
15784 Athens Greece 

The reictions of gaseous N20S and CIN03 with Solid NaCI, Solid NaBr and mixed 
NaCI-NaBr are increasingly recognised as significant in polluted areas. In this study an 
attempt has been made to examine additional reduction processes by using the 
interconnection of entropy and enthalpy for various processes with well known 
macroscopic properties of the bulk solid at temperatures300K. 

VERTICAL OZONE DISTRIBUTION IN THE TROPOSPHERE AT ATHENS 
GREECE 

C. Varotsos and G. Chronopoulos 
University of Athens, DepL of Applied Physics, Panepistimioupolis Build. PHYS-V, 
15784 Athens Greece 

Measurements of vertical ozone distribution of the tropospheric ozoncoyer Athens 
Greece (38 N, 24 E) during the 1995-96 winter period are correlated with the 
prevailled meteorological conditions. In particular, ozone concentration at the 
troposphere at Athens as deduced from ozonesounding observations are discussed with 
regard to the transport at the 700 hPa level. Analusis results show that the free 
tropospheric ozone concentration is affected by the general circulation pattern, with 
variations of the order of 10%. 

THE ROLE OF WATER VAPOUR ON THE TROPOSPHERIC OZONE 
DEPLETION 

C. Varotsos and D. Alexandris 
University of Athens, Dept. of Applied Physics, Panepistimioupolis Build. PHYS-V, 
15784 Athens Greece 

A plaussible relationship between the fluctuations of Ozone concentration and the 
water vapour mixing ratio at the Athens troposphere is detected. To reach this target, 
measurements of both, ozone concentration and relative humidity are used by utilising 
the five years record (1993-1997) of ozonesoundings regurarly performed at Athens 
Ozone Station. Furthermore, the invention of a theoretically deduced mechanism is 
finally attempted to illustrate the experimentally derived relationship. 

CLOUD LMPACT ON SURFACE ULTRAVIOLET RADIATION 

Costas Varotsos (1), Kirill Ya. Kondratyev (2), Irina N. Melnikova 2), 
Gennady P. Guschin (3) 
(1) University of Athens, Dept. of Physics, Div. of Applied Physics, Lab. of 

Meteorology; 
(2) Research Centre for Ecology Safety, Russian Academy of Sciences; 
(3) Voeykov Main Geophysical Observatory 

One can suppose that surface UV-irradiance may increase slightly under 
condition of small cloud amount comparing the case clear sky by reason of 
reflection and scattering of solar radiation from cloud sides. Then, with 
growing of cloud amount, surface UV-irradiance decrease. The elaboration of 
three-years set of data of UV-irradiance measured in St.-Petersburg and 
Athens is undertaken. The influence of solar zenith angle is taken into account. 
The dependence of surface UV-irradiance on cloud amount and solar zenith 
angle is presented. 

SURFACE OZONE MEASUREMENTS OVER ATHENS BASED ON THE 
HISTORICAL DATA FOR THE PERIOD 1901-1940 

C. Varotsos and T. Iatrou 
University of Athens, DepL of Applied Physics, Panepistimioupolis Build. PHYS-V, 
15784 Athens Greece 

A unique data base for surface ozone concentrations over Athens Greece, for the 
period 1901-1940 is available based on observations made at the National Observatory 
of Athens, by using DeJames colometric papers. There-evaluation of these data 
denotes that during the first half of the 20th century, surface ozone concentrations 
yarried around 20 ppb, with maximum values occured during late spring-early summer 
period and minimum values during late Autumn period. 
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ST15 Atmospheric ozone (joint with OA) 

Convener: Hirschberg, M.-M. 

05 Ozone as a climate gas 

Convener: Shine, K.P. 
Co-Convener: Hauglustaine, D.A. 

THE EFFECT OF A MORE REALISTIC OZONE 
DISTRIBUTION ON CLIMATE SIMULATION WITH A GCM 

Pi»iil Fortuin ». Peter Siegmund « «rid Erich Roeckner t 
*: KNMI, De Bilt, Netherlands; J: MM für Meteorologie, Hamburg, Germany 
rbrtuin@knmi.nl, siegmund@knmi.nl, erich@macserv.dkrz.de 

So far, the background ozone field used for climate simulations with the ECHAM 
GCM in Hamburg, was derived from an analytical formula which calculated ozone 
profiles as a function of total ozone and ozone peak height distribution. To assess 
how a more realistic ozone distribution might influence the simulated climate, a new 
zonal monthly mean ozone climatology, based entirely on ozonesonde and satellite 
observations over the target period 1980-1991, was built into ECHAM and run in an 
uncoupled mode using prescribed sea surface temperatures. The results are compared 
to those of a similar control run using the previous ozone climatology. A short sum- 
mary of the new ozone climatology characteristics and its differences with regard to 
the previous climatology will be presented, followed by an overview of the main 
results from the two control runs. It is found that the systematically lower ozone val- 
ues of the new climatology around the tropopause leads to lower temperatures here, 
accompanied by increased convection and high cloudiness epecially in the Tropics. 
The influence of the ozone hole over Antarctica - in contrast with the ozone spring 
maximum Of the previous climatology - is mainly a cooling and intensification of the 
polar vortex in October, but also in November when the ozone hole has almost recov- 
ered. The results from the control runs are compared with re-analyses from ECMWF. 

OZONE: RADIATIVE FORCING AND CLIMATE SENSITIVITY 

Bo Christiansen 
Danish Meteorological Institute, DK-2100, Copenhagen, Denmark. 
bocCdmi.dk/Fax: [45] 39 15 74 60 

We present a series of general circulation model experiments with prescribed 
ozone perturbations in different vertical intervals. Both the radiative forcing on 
the tropopause and the near-surface temperature are used as diagnostic quanti- 
ties. The climate sensitivity, i.e. the surface warming per unit radiative forcing, 
and its dependence of the hight of the ozone perturbation are calculated. The 
model used is Arpege and all experiments are integrated under perpetual Jan- 
uary conditions. 
A large value of the climate sensitivity and a corresponding large positive feed- 
back are found for perturbations of the upper stratosphere. This should be 
compared to the relative weak positive feedbacks found both for ozone per- 
turbations in the lower stratosphere and in the troposphere and in a doubled 
C02 experiment. The climate change is analysed primarily by studying the 
changes in the energy balance at the surface and the related changes in the 
hydrological cycle. The influence on the climate sensitivity of the definition 
of the tropopause level as well as of the definition of the radiative forcing is 
investigated. 

IMPACT OF ANTHROPOGENIC ACTIVITIES ON TROPO- 
SPHERIC OZONE 

D. A. Hauglustaine (1,2) and G. P. Brasseur (2) 
(1) Service d'Aeronomie du CNRS, Paris, France, (2) National Center for At- 
mospheric Research, Boulder, Colorado. 

The budget of ozone and its evolution resulting from anthropogenic activities 
are simulated with a global three-dimensional chemical-transport-model, called 
MOZART (Model of OZone And Related chemical Tracers). MOZART is de- 
veloped in the framework of the NCAR CCM2 and considers a comprehensive 
tropospheric chemistry including non-methane hydrocarbons. It calculates the 
distribution of 56 chemical species with a resolution of 2.8 degrees in both lat- 
itude and longitude, 25 levels on the vertical (from the surface to the upper 
stratosphere) and a time step of 20 min. 
In this paper, we present the changes in tropospheric ozone and its precursors 
(CH4, NMHCs, CO, NOx) since the pre-indutrial period. The ozone change 
at the surface exhibits a maximum increase at mid-latitudes in the northern 
hemisphere reaching more than 40-50 ppbv over Europe and the southeast- 
ern US during summer. The possible evolution of ozone in year 2050 is also 
calculated with the model based on estimated future scenarios. The impact of 
the present-day and future aircraft fleet on nitrogen species and ozone is also 
included in our simulations. The impact of these past and future ozone changes 
(including aircraft emissions) on the radiative forcing of the climate system are 
discussed. The seasonal and geographical distributions of the radiative forcings 
are illustrated. 

LONGITUDINAL DIFFERENCES IN SEASONAL OZONE 
CHANGES OVER NORTHERN MIDLATITUDES 

M. Degorska, J. W. Krzyscin and B. Rajewska-Wiech 
Institute of Geophysics, Polish Academy of Sciences, 
Warsaw, Poland, januszj&igf.edu.pl/Fax: +48-22-370522, 

Time series of total ozone seasonal (winter-spring and summer) means 
from European Dobson stations and those from the United States and 
Canada have been analysed. For each of the considered stations, the 
mean values for both seasons are positively correlated and their dif- 
ferences decrease. The correlation coefficient values are significantly 
greater for the Northern American stations than for the European 
stations, indicating a longitudinal dependence of seasonal variation 
of total ozone. Its correspondence with seasonal variation of the 
Brewer-Dobson circulation cell is suggested. Taking into account the 
fact that the winter-spring and summer total ozone means are well 
correlated over North America, it is possible to use in this region the 
winter-spring mean value as a predictor to infer the summer mean 
value. This may be useful in making an early estimate of potentially 
excessive solar UV radiation during the summer months. 

THE TROPOSPHERIC CARBON MONOXIDE DISTRIBUTION DJ THE 
NORTHERN TEMPERATE BELT AS THE 2-D MODEL CALCULATION 
RESULT 

Igor L. Karol and Andrey A. Kiselev 
Main Geophysical Observatory 
E-mail: karol@main.mgo.rssi.ru 

The carbon monoxide and ozone with other minor constituents concentration in the 
0-16-km layer and in the 30°-60° N belt is calculated by the 2-D (height-longitude) 
nonstationary photochemical model with climatic zonal and vertical fixed, 
transport. The concentrations of 32 atmospheric species are calculated, about 170 
atmospheric reactions among oxygen, hydrogen, nitrogen, carbon, chlorine and 
bromine compounds during diurnal course are considered. 
The geographical inhomogenity of the surface carbon monoxide releases and their 
seasonal variability are accounted. The climatic data of tropospheric humidity and 
rains from "The NCEP/NCAR 40-year «analysis project" are used. The distinction 
between water vapor content values over land and ocean determines generally 
nonhomogeneous distribution of hydroxyl radical. The carbon monoxide spatial 
inhomogenity is due to the inhomogenity of both its sources and hydroxyl as the 
main carbon monoxide destroyer. The model results are discussed and compared 
with observations. 
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TRENDS IN TRÖPÖSPERIC AND LOWER STRATOSPHERIC OZONE IN- 
EUROPEAN ARCTIC 

E.Kvra. R. Kivi and T. Tuninen 
Finnish Meteorological Institute, Ilmala, FIN-99600 SodankyU, Finland, 
esko.kyro@fmi.fi/Fax:+358-16-$I0t05 

Ozone sonde time series from SodankyU Observatory of the Finnish Meteorological 
Observatory is put through a statistical analysis of long term changes from 1988 to 
1997. Careful attention is paid on data quality, concentrating on pre-flight calibration 
records and comparative column data. SodankyU data form the longest continuous 
ozone sonde series in the European Arctic, at present there are 640 ozone soundings in 
the series. Finnish data indicate ozone decrease in the troposphere of the order of 1..3% 
per year since late I980's. Results of statistical analysis are compared to other studies of 
ozone trends. 

PRESENT-DAY AND FUTURE IMPACT OF AIRCRAFT IN- 
DUCED OZONE CHANGES 

M. Ponater, R Sausen and B. Feneberg (DLR-Institut für Physik der Atmo- 
sphäre, Oberpfaffenhofen, D-82230 Weßling, Germany) 
E. Roeckner (Max-Planck-Institut für Meteorologie, Bundesstraße 55, D-20146 
Hamburg, Germany) 

Aircraft induced NO* emissions lead to significant modifications of the atmo- 
spheric ozone concentration. Hence, an additional radiative forcing is provided 
to the climate system. It has been shown that the resulting climate impact is 
also significant, even for present-day subsonic air traffic. This is demonstrated 
by equilibrium climate change simulations with a comprehensive 3D model of 
the atmosphere ocean system. 
However, it appears that the relation between the radiative forcing and the 
climate change (in terms of surface temperature change) in the ozone sensitiv- 
ity experiments is not as straightforward as it is usually found in greenhouse 
gas experiments. Even for present-day aircraft conditions, for which the ozone 
perturbation is largely restricted to the middle and upper troposphere, a con- 
siderably nonlinear dependence of the global mean temperature response from 
radiative forcing can be found. 
For future aircraft scenarios (assuming the existence of a commercial strato- 
spheric air-fleet) , for which the lower stratosphere ozone distribution is also 
affected, the radiative forcing seems to be a bad predictor of climate change. 

LOWER STRATOSPHERIC TEMPERATURES AND THEIR RE- 
LATIONSHIP WITH OZONE TRENDS 

S. Pawson (1,2), K. Labitzke (1,3) and S. Leder (2) 
(1) Inst, für Meteorologie, TU Berlin, Germany, (2) Universities Space Research 
Association, Greenbelt, USA, (3) Inst, for Geophysics, Univ. of Kyoto, Japan. 
pavsonCpolska.gsfc.na3a.gov 

Subjectively analysed data from the Freie Universität Berlin (FUB) are used 
to illustrate the changes in the thermal structure of the lower-middle strato- 
sphere over the past four decades. Annual mean temperatures in the Northern 
Hemisphere reveal a pronounced cooling, which is not well described by a lin- 
ear trend. The cooling has accelerated since 1993, following a warming caused 
by the radiative effects of volcanic aerosols from the Mt. Pinatubo eruption 
in 1991. Lower stratospheric temperatures from the Microwave Sounding Unit, 
available since 1979, give independent confirmation of this cooling. There is a 
clear connection between the recent accelerated temperature decrease and total 
ozone changes. This is shown to be broadly consistent with the reduced heating 
in the lower stratosphere and has implications for the radiative energy input 
into the upper troposphere. 
Some of the possible feedbacks will be discussed. Closer examination of the 
temporal and spatial structure of the cooling reveals an apparent trend in the 
springtime, which allows the possibility of increased ozone destruction resulting 
from heterogeneous chemical processes. Some attempts to separate the causal- 
ity of the temperature and ozone decreases will be presented; effects on the 
radiative forcing of the troposphere in Northern Spring will be discussed. 

EXPERIMENTS EMPLOYING OZONE CHANGES IN A GEN- 
ERAL CIRCULATION MODEL 

S.M. Rosier and P.M. de F. Forster 
Department of Meteorology, University of Reading, U.K. 
S.K.RosierCreading.ac.uk 

The effect of ozone change on the climate is investigated using the Intermedi- 
ate General Circulation Model (IGCM) developed at Reading. Several ozone 
change experiments have been performed, ranging from simple idealised scenar- 
ios to rather more realistic ozone perturbations. The simpler scenarios investi- 
gate the effect of idealised perturbations to the ozone profile at various different 
altitudes, whilst the more realistic experiments include (a) employing climato- 
logical ozone adjusted to fit TOMS observations and (b) employing observations 
of ozone change throughout the depth of the troposphere and stratosphere. In 
each case the effect on the stratospheric circulation and temperature trends, 
both in the stratosphere and at the surface, is examined. 

LEVY FLIGHTS BY PHOTONS IN CLOUDY SKIES ? IMPLICA- 
TIONS FOR THE SW-HEATING OF TROPOSPHERIC OZONE 

K. Pfeilsticker, 0. Funk, C. Kurz, H.J. Veitel and U. Platt 
Institut für Umweltphysik, University of Heidelberg, L\F 366, 69120 Heidel- 
berg, Germany. 
pfCuphysl.upKys.uni-heldelberg.de/Fax: [+49J 6221-54-6405 

Recently theoretical and observational studies have highlighted that under 'real' 
inhomogeneous or fractal cloudy sky conditions the photon geometrical paths 
are a-stable Levy-distributed, which is different than implicitly or explicitly 
assumed in non-statistical plane parallel homogeneous radiative transfer (RT) 
models. Since for Levy type transport statistics, the probability density func- 
tions of optical paths (PDF-OP) is different than modelled using non-statistical 
RT-models, the SVV-solar radiation absorption is likely to be altered. In partic- 
ular, Levy type transport statistics favour shorter and extremely long geometri- 
cal paths at the cost of medium long geometrical paths. This is an intermittency 
effect, characteristic for transport processes in turbulent media. In consequence 
of the L'evy type PDF-OP occurring in fractal clouds, the relative contributions 
of the strong and weak SW-absorbers to the total atmospheric SW-absorption 
is altered to the ones calculated using conventional RT-models. 
Here observational evidence of Levy transport statistic under cloudy sky con- 
ditions is given, and the consequence for the SW-absorption of a weak absorber 
- tropospheric ozone in the visible wavlength range - is discussed. 

CHANGING DISTRIBUTION OF TROPOSPHERIC Oj AND ITS 
RADIATIVE FORCING OF CLIMATE: PAST, PRESENT, AND FUTURE 

G.J. Roelofs and J. Lelieveld, IMAU 
Institute for Marine and Atmospheric Research, Utrecht University, 
Princetonplein 5,3584 CC Utrecht, The Netherlands 
E-mail: roelofs@fys.ruu.nl. Fax: +31 30 2J43163 

To assess the possible climate effects of anthropogenically enhanced Oi in the 
troposphere, it is essential to distinguish the contributions by natural and 
anthropogenic processes to the Oi distribution. With a coupled chemistry - general 
circulation model (ECHAM4), we calculate the contributions to tropospheric Oj 
levels by stratosphere-troposphere exchange (STE) and by photochemical 
production in the troposphere for pre-industrial, present-day and future (IS92a) 
emission scenarios. The model simulates background tropospheric CH4-CO-NO,- 
HO« photochemistry, emissions of CO and NO, and wet and dry deposition. The 
simulated present-day seasonality of surface Oj compares well with observations. 
Stratospheric Oi contributes significantly to the seasonality of surface 0>, 
especially in the extratropical SH and in relatively clean areas in the NH. We 
calculate an annually average tropospheric Oj burden of 190, 270, and 332 Tg Oj 
for the pre-industrial, present-day, and future scenarios, respectively. The 
contribution of 0> from stratospheric origin is about 110 Tg and does not change 
significantly, so the calculated increase of Oi is associated with photochemical 
production resulting from anthropogenic emissions of Oj precursors. The Oi 
increase maximizes in the free troposphere where Oj lifetimes are relatively long 
compared to the boundary layer, and the climate effect is relatively strong. The 
calculated radiative forcing at the tropopauze is 0.38 W mJ for the present-day 
scenario and 0.69 W m'2 for the future scenario. 
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THE TIME EVOLUTION OF TROPOSPHERIC OZONE RADIA- 
TIVE FORCING 

D.S. Stevenson (1), C.E. Johnson (2), W.J. Collins (1), R.G. Derwent (1), 
J.M. Edwards (2) and K.P. Shine (3) 
(1) Atmospheric Processes Research, Meteorological Office, London Rd, Brack- 
nell RG12 2SZ , (2) Hadley Centre for Climate Prediction and Research, Me- 
teorological Office, London Rd, Bracknell RG12 2SZ , (3) Department of Me- 
teorology, University of Reading, PO Box 243, Reading RG6 6BB. 
dsteveasontaeto.gov.uk/Fax: [44] 1344 854493 

The UK Meteorological Office off-line chemistry-transport model (STOCHEM) 
has been used to perform 3-D simulations of the atmospheric composition at 
various times: 1860, 1950,19T0, 1990, 2015, and 2050. These simulations were 
carried out using best estimates of emissions and using present day meteorolog- 
ical fields from the Hadley Centre AGCM. The model includes the chemistry 
and photochemistry of 70 species, including CH4, NOr, CO and 10 NMHCs, in- 
cluding isoprene, and dry and wet deposition. The model took part in the GIM 
model inter-comparison, and produced a reasonable simulation of present-day 
tropospheric O3. Tropospheric O3 changes since 1860 from these model simula- 
tions have been inserted into a radiation code, to calculate the time evolution of 
the radiative forcing due to increases in tropospheric O3. Aircraft NOr emis- 
sions are shown to have a significant impact on upper tropospheric O3 and 
radiative forcing. Further simulations, using a 2xC02 meteorology, suggest a 
large negative feedback of the climate on the O3 change, due to increased tem- 
peratures and humidities, and changes in the circulation. 

ST17 Aviation and space flight (joint with OA) 

01 Aviation impact on the atmosphere 

Convener: Kelder, H. 
Co-Convener: Sausen, R. 

The IPCC Special Report on Aviation and the Global Atmosphere: the Impact or 
future subsonic aircraft emissions. 

FJ.Dentener, Institute for Marine and Atmospheric Research, Universität Utrecht, the 
Netherlands. 
E. Abilova, T. Bemsten, V. Grewe, I. Isaksen, J.F. Mueller, D. Stevenson, Y. Wang. 
M. v. Weele. 

Using a host of 3 dimensional global tropospheric models the impact of future 
sub-sonic aircraft emissions on the concentrations of 03, OH and NOx yras estimated 
for the years 1992, 2015 and 2050. These model calculations will be used for the 
forthcoming IPCC Special Report on Aviation and the Global Atmosphere. The 
models differ in their formulation of vertical and horizontal resolution, transport, 
boundary conditions and chemistry. Therefore, inter-model differences are large. We 
will discuss model results and the most important uncertainties. 

IS THERE ANY OBSERVABLE INCREASE IN CIRRUS CLOUD 
DUE TO AVIATION DURING 1982-1991? 

O. Boucher 
Laboratoire d'Optique Atmospherique, Universite de Lille-I, Lille, France. 
boucherCloa.univ-lillel.fr/Fax: [+33] 3 20 43 43 42 

Emissions of exhaust aerosol and water vapour by aircrafts are responsible 
for the formation of condensation trails (or contrails). Exhaust aerosols may 
also indirectly alter cloudiness by increasing the occurrence of 'natural' cirrus. 
We analyze synoptic cloud reports from ships and land stations for the period 
1982-1991, a decade of large increase in the total fuel consumption by aviation. 
The changes in cirrus cloud occurrence and cirrus cloud amount are estimated 
from the surface observations and a relation is sought with the geographical 
distribution of aviation fuel consumption. 

EFFECTS OF ATMOSPHERIC TEMPERATURE FLUCTUA- 
TIONS WITH ESTIMATION OF SUPERSONIC AVIATION IM- 
PACT ON OZONE LAYER OF THE EARTH 

I. G. Dyominov and A. M. Zadorozhny 
Novosibirsk State University, 630090. Novosibirsk. Russia. 

A two-dimensional zonal-average model of diabatic circulation and gaseous and 
aerosol composition of the troposphere and stratosphere is used to examine a 
role the atmospheric temperature fluctuations p|ay for estimates of 1990-2015 
changes occurring in the ozone layer as a result of XOi, SO2, CQ2. CO. and 
CH\ emissions from supersonic aircraft. The model uses the zonal mean tem- 
perature (?) variations derived from a temperature probability distribution. 
This distribution was obtained from the I."S National Meteorological Center's 
temperature data. We show that the atmospheric temperature fluctuations are 
very important for the estimates of supersonic aviation effects on ozone in both 
middle and high latitudes of the Northern Hemisphere. For example, a scenario 
for chlorine background 3p/>dr with 100% gaseous SO> and .VO, injections from 
supersonic (2.4.Wacn) aircraft with emission indexes of OAg and I5j per lieg 
fuel, respectively, results in the relative total ozone change of-0.479? at 45° .V 
and -0.71% at 70°.V in March, without account taken for T variations, and 
0.759? at 45°.V and —1.329? at 70°.V, with T variations taken into account. The 
same scenario with SOj injection as 1009? aerosol Sulfate particles of 0.01/im 
radius results in the relative total ozone change of — 1.059? at 45° A' and -1.329? 
at 70°.V. without account taken for T variations, and —1.359? at 45°.V and 
-2.509? at 70°.V. with T variations taken into account. 
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THREE-DIMENSIONAL MODELING STUDIES OF THE IMPACT OF 
AIRCRAFT EMISSIONS ON ATMOSPHERIC OZONE: SENSITIVITY TO 
EMISSION INDICES, HjO, AND SULFUR CONVERSION 

Richard S. Eckman ind William L. Grose 
NASA Langley Research Center, Hampton, VA USA 
r.s.eckmaa@tarc.nasa.gov 

The NASA Langley three-dimensional chemistry transport model (CTM) is used to 
examine the impact of future subsonic and supersonic aircraft emissions on ozone. 
The model includes a full representation of stratospheric chemistry as well as pa- 
rameterizations treating the reactions occurring on polar stratospheric clouds and on 
sulfate particles. Multiple simulations using scenarios from the recent Intergovern- 
mental Panel on Climate Change (IPCC) model intercomparison have been conducted 
with the Langley CTM to characterize the response of ozone to varying aircraft NO, 
emission indices, the efficiency of sulfur conversion to sulfate particles in the ex- 
haust, and the emission of H20. The inclusion of HjO engine emissions significantly 
increased the calculated aircraft impact on ozone compared to a calculation with only 
NO, emitted, particularly at low NO, emission indices. Engine sulfur conversion to 
sulfate particles also led to larger ozone decreases. Recent assessments of the effects 
of stratospheric aircraft on the atmosphere have emphasized the need to quantify the 
uncertainties in model predictions. We will compare and contrast our calculations to 
other 2- and 3-D model studies and examine the principle sources of uncertainties. 

IMPACT OF SUBSONIC AIRCRAFT ON ATMOSPHERIC 
CHEMISTRY: MESOSCALE SIMULATIONS ON THE ROLE OF 
HETEROGENEOUS REACTIONS ON/IN SULFATE AEROSOLS 

J. Hendricks. E. Lippert, H. Petry and A. Ebel (Institute for Geophysics and 
Meteorology, University of Cologne, Albertus - Magnus- Platz, D-50923 Köln, 
Germany), e-mail: jh@geo.uni-koeln.de 

The global amount of emissions from subsonic aircraft is to a high fraction 
released in the tropopause region. Many model studies suggest that in this 
altitude range aircraft induced NOx changes result in a significant increase of 
ozone. However, the influence of heterogeneous chemistry on the impact of sub- 
sonic airtraffic is currently not well understood. Sulfuric acid aerosols (SAA) 
contribute to a large extent to the aerosol burden of the lower stratosphere 
and the upper troposphere. In the present study Box- and 3D-mesoscale sim- 
ulations are performed to elucidate the role of heterogeneous reactions on and 
in SAA in the chemical perturbations of the tropopause region caused by sub- 
sonic aircraft. For these calculations the EURAD-TS model system is applied 
which has been modified to enable the simulation of atmospheric distributions 
of SAA as well as heterogeneous conversions of several nitrogen-, chlorine- and 
bromine compounds on/in SAA. The considered heterogeneous chemistry gen- 
erally reduces the chemical life time of the N'Ox exhaust. Despite this, in most 
simulated cases the aircraft induced ozone increase is enhanced strongly which 
is a consequence of important modifications of the NOx, HOx, ClOx and BrOx 
budgets caused by heterogeneous reactions. The simulated aerosol effects show 
considerable variations with altitude, season and aerosol loading. 

THE IMPACT OF NOx AIRCRAFT EMISSIONS ON ATMO- 
SPHERIC COMPOSITION AND CLIMATE 

V. Grew«, M. Dameris, I. Köhler, M. Ponater and R Sausen 
Deutsches Zentrum für Luft- und Raumfahrt (DLR) e.V., Oberpfaffenhofen, 
D-82334 WeSling, Germany. 
Volk«r.Or«w««dlr.d»/Fax: [49] 8153 28 1841 

Changes in NO» and ozone concentrations due to aircraft emissions, modelled 
with the dynamic-chemical general circulation model ECHAM3/CHEM, for 
the yean 1992, 2015 and 2050 are presented. An estimate for the impact on 
climate will be given. 
One of the most important sources of NO, in the upper troposphere are the 
emissions by aircraft. Since the ozone production in that area is largely con- 
trolled by NO,, aircraft emissions have the potential to change significantly the 
distribution of the greenhouse gas ozone and temperature. 
The paper especially concentrates on spatial and interannual variations of 
the NO, background and aircraft NO, pertubations as well as their possible 
changes in the future due to climate change. 

ANALYSIS OF 24 YEARS OF BALLON-BORNE AEROSOL DATA TO 
DETERMINE THE EFFECTS OF SUBSONIC AIRCRAFT 

D. J. Hofmann, M. Wood, R. Stone, NOAA/CMDL, and T. Deshler UWY NOAA 
Climate Monitoring and Diagnostics Laboratory, Boulder, CO, USA; Department of 
Atmospheric Science, University of Wyoming, Laramie, WY, USA 
dhofmann@cmdl.noaa.gov 

The University of Wyoming balloonbome aerosol record, which spans approximately 
26 years (1971-1997), was analyzed to determine possible effects of commercial 
aircraft on the 8.6 -12.7 km (29-41 kft) altitude range of the atmosphere. An effort 
to identify condensation nuclei (CN) layers relative to seasonal background conditions 
in the commercial airlanes was undertaken. Generally, aircraft flight information is not 
available for past balloon soundings thus making it impossible to ascribe a source to 
observed CN layers. Under conditions coordinated with the U. S. Federal Aviation 
Administration, a CN layer observed in March 1997 was traced to a particular aircraft, 
thus supporting the hypothesis that at least some of the observed layers are contrail 
remnants. Using the Laramie data set, an attempt was made to quantify the 
enhancement of aircraft-induced CN layers in comparison with natural background 
levels. We estimate conservatively that the contribution of the commercial aircraft 
fleet in the vicinity of Laramie, Wyoming amounts to about 5-13% of the natural 
background, depending on season. 

NON-INTRUSIVE LNTLIGHT INVESTIGATION OF AIRBUS A340 ENGINE 
EMISSIONS 

P. Haschberger, E. Lindermeir Deutsches Zentrum fiier Luft- und Raumfahrt e.V. 
(DLR), Institut fuer Optolektronik, D-82230 Wessling, Peter.Haschberger@dlr.de 

Passive mode Fourier transform spectrometry is used to perform non-intrusive 
measurements of jet engine em ission indices. For the first time investigations of this 
kind were made on board of a commercial wide body aircraft. In cooperation with 
Airbus Industrie the customized and flight approved MIROR spectrometer was 
installed in the cabin of an Airbus A340. Test flights at various flight and engine 
conditions were performed from Toulouse/F focusing On the emission indices of the 
plume species NOx and CO, and the gas temperature close to the nozzle exit. 

Results of this campaign and the comparison with emission data 
calculated from ground-to-altitude models will be presented. 

MODEL STUDY OF ATMOSPHERIC POLLUTION BY AVIATION 
ENGINES IN THE NORTHERN TEMPERATE BELT 

Igor L. Karol and Andrey A. Kiselev 
Main Geophysical Observatory 
E-mail: karoI@rnain.mgo.rssi.ru 

The spatial and temporal courses of NOx and HNOY content field formation over 
the northern temperate belt due to the transport aircraft flights intensity there in 
summer and winter and their diurnal schedule are evaluated as deviations from the 
zonal homogenity used in the 2-D photochemical models of the zonalty and 
diurnally averaged atmosphere for the aircraft exhaust atmospheric effects. The 
transient 2-D photochemical model of tropospheric photochemistry and climatic air 
transport in the temperate belt (30° to 60°N) is used. The photochemical block 
includes about 170 gasphase and heterogeneous reactions among oxygen, hydrogen, 
nitrogen, carbon, chlorine and bromine species. Relevant up to 30-70% reductions 
in the NOx emission are calculated for the 2-D model sources of zonally averaged 
exhaust product. The NOx oxidation rates into HNOj and HNO, are rather high 
and sensitive to the ambient air temperature, but much lower during the 
nighttime.The influence of both the emitted NOx and CO as exhausts products on 
the ozone, hydroxyl radical and other species behavior and on the redistribution of 
nitrogen compounds are discussed. 
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Remote measurements of aircraft exhaust gas using FTIR ipectrometry at 
industrial test-rigs 

E. Lindermeir, P. Haschberger and V. Tank 
Deutsches Zentrum f=FCr Luft- und Raumfahrt 

Remote measurements of aircraft exhaust gas using FTIR spectrometry were 
performed in-flight under cruise conditions several times up to now (e.g. Haschberger 
and Lindermeir, JGR101,25,995-26,006,1996 and Haschberger and Lindermeir, JRL 
24,1083-1086,1997). For comparison and validation purposes FTIR measurements at 
an industrial test-rig were performed at ground conditions within the EU project 
AEROJET. These experiments were carried out with the same spectrometer that was 
used for the flight campaigns. The poster will present results which were obtained by 
applying different experimental setups for the detection of H20, C02, CO, NO, and 
N02. 

CHEMICAL CONVERSION OF AIRCRAFT EMISSIONS IN 
THE DISPERSING PLUME: CALCULATION OF EFFECTIVE 
EMISSION INDICES 

H. Petry(l), J. Hendricks (1), E. Lippett (1), A. Meier (1), A. Ebel (1) and 
R. Sausen (2) 
(1) Inst; f. Geophysik und Meteorologie, Universität zu Köln, Albertus - 
Magnus' - Platz, D-50923 Köln, Germany, hpgeo.uni-koeln.de/Fax: +49-221- 
4705198, (2) DLR, Institut für Physik der Atmosphäre, Oberpfaffenhofen, 
82234 Weßling, Germany 

A box model representative^br*mesoscale volume and three different plume 
models are used to estimate the chemical conversion of exhaust species of a sub- 
sonic aircraft at cruise altitude. Clearly deviating results have been obtained 
for instantaneous mixing of the exhaust in a large scale box and gradual disper- 
sion of a plume. The effect of varying daytime of release as well as the impact 
of changing dispersion time is studied with emphasis on the aircraft induced 
03 production. Effective emission indices are calculated for 03, NO, HNO3 
and HNO4. These effective emissions enable a correction for expanding plume 
effects in global or mesoscate modets. The dependence of necessary corrections 
is investigated for different grid sizes. 

THE IMPACT OF AIR TRAFFIC IN THE NAFC: MODEL RE- 
SULTS VERSUS MEASUREMENTS 

E. W. Meijer, VV. M. F. Wauben, P. F. J. van Velthoven and H. M. Kelder 
Royal Netherlands Meteorological Institute, P.O. Box 201, 3730 AE De Bilt, 
The Netherlands. 
aeijereCxnmi.nl/Fax: [31] 30 2203028 

The impact of aircraft emissions on the atmospheric composition has been 
investigated with a global chemistry transport model. The model calculations 
show that aircraft emissions contribute to about 40-80% of the background 
values of nitrogen oxides in the North Atlantic flight corridor and lead to an 

•increase of the background ozone concentrations about 3-4% in winter and 5- 
7% in summer. The three-dimensional distributions of ozone, nitrogen oxides 
and nitric acid, calculated by using analyzed meteorological data, have been 
compared with airborne measurements performed in the North Atlantic flight 
corridor as part of the EC POLIN AT project. The agreement between modelled 
results and observations is reasonably good. The perturbation of nitrogen oxides 
caused by aviation is expected to be observable due to its large magnitude, but 
the resulting ozone perturbation will in general be to small too distinguish it 
from the natural variability. 

PARAMETRIZATION OF CONTRAILS IN A CLIMATE MODEL 

M. Ponater, K. Gierens, R. Sausen, S. Brinkop and G. Inclan (DLR-Institut 
für Physik der Atmosphäre, Oberpfaffenhofen, D-82230 Weßling, Germany) 

Sensitivity experiments with a comprehensive 3D climate model iave shown 
that persistent contrails bear the potential of a significant climate impact. How- 
ever, quantitative estimations of this impact require the use of a parametriza- 
tion scheme, where contrails at some model grid box should depend on the 
instantaneous atmospheric state. Such a scheme has not been available for pre- 
vious simulations. 
We have developed two ways of parameterizing the coverage due to persis- 
tent contrails, both of which rely on the assumption that supersaturation with 
respect to ice may occur in part of some model grid box although the mean 
humidity value is below the saturation point. The first pärametrization idea has 
been derived from (and is similar to) the cloud scheme of the climate model 
(ECHAM), the second one uses humidity measurements to derive characteris- 
tic values for humidity fluctuations within grid boxes of a size typical for the 
model's spatial resolution. The parameterized contrails obtain individual opti- 
cal properties, which are calculated independently from those of natural cirrus 
in the same grid box. Optical depth and effective particle size associated with 
the simulated contrails are checked with results of a microphysical boxmodel. 

UPPER TROPOSPHERIC HO,: SOURCES AND ROLE IN THE 
AIRCRAFT IMPACT ISSUE 

J.-F. Müller 
Belgian Institute for Space Aerönomy, Brussels 
jfm@oma.be/ Fax: +32-2-3748423 

The injection of nitrogen oxides (NO») by aircraft is believed to enhance 
ozone production in the upper troposphere. However, ozone production 
depends on the availability of odd hydrogen radicals, HO,. While the main 
production of HO, in most of the troposphere is the 0'D+H20 reaction, 
where O'D is supplied by ozone photolysis, recent work showed that other 
sources are important in the very dry upper troposphere. Proposed sources 
are the photolysis of acetone and convectively injected peroxides. We use a 
global model to determine the relative importance of the different HO, 
sources in the upper troposphere. The model suggests that 1/ ozone 
photolysis is the largest source at high latitudes, 2/ acetone generally plays 
a limited role, 3/ convection of peroxides (mostly CHjOOH) and aldehydes 
are the dominant sources in the Tropics. The uncertainties, as well as the 
implications for the aircraft impact issue are discussed. 

EMERGING NEW ATMOSPHERIC CHEMISTRY OF NITRIC OXIDE AND 
ITS IMPLICATIONS FOR THE AVIATION IMPACT ON THE ATMOSPHERE 

SheoS.Prasad'andEC.Zpf* 
'Creative Research Enterprises, P.O. Box 174, Pleasanton, CA 94566, USA 
e-mail: sspOCreativeResearch.org 
"Department of Physics, University of Pittsburgh, Pittsburgh, PA 15260, USA, 
e-mail: edzipf@vms.cis.pitt.edu 

Assessment of the impact of aviation on the atmosphere (e.g., POLINAT & 
SONEX campaigns) is critically dependent on the accuracy of our knowledge 
about the sources and sinks of NO in the upper troposphere. This paper will 
therefore discuss a new source of NO which is predicted by shock tube data 
on the loss of NO and has now been experimentally confirmed (Zpf & Prasad, 
a paper in press in SCIENCE). This stratospheric source, which involves N, 
and 02 directly (i.e., without the intermediary of N20) would considerably 
increase the flux of NO from the stratosphere into ttie upper troposphere. The 
new source also implies possible existence of an unrecognized sink of NO», 
since the current models already overestimate the NOv even without the new 
source. Both implications could be important for POUNAT/SONEX. In 
addition, we will also discuss two other potential sources of NOx Involving the 
photodissociations of the N,002 (from the NaO + Oa (b) + M) and NjO'O, 
complexes. These sources are attractive since their strengths maximize in the 
5 to 10 km region at values =1000 and 120 NOx cm"3 s"1 respectively. It is 
hoped that the discussion will motivate the needed experiments. 
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3D STRATOSPHERIC MODELLING OF THE FUTURE EF- 
FECTS OF AIRCRAFT EMISSIONS 
H. L. Rogers (1), M. P. Chipperfield (1), S. Bekki (1), K. S. Law (1) and J. 
APylc(l) 
(1) Centre for Atmospheric Science, Cambridge University. Cambridge CB2 
1EW, England. 
helenCatm.ch.eaa.ac.uk 

The upper troposphere and lower stratosphere are regions of great importance 
for ozone chemistry and climate change. Future emissions of nitrogen oxides 
from supersonic aircraft arc predicted to further decrease ozone levels in an 
already depleted ozone layer. 
We have used a 3D stratospheric model, SLIMCAT, to investigate the effect 
of future aircraft emissions in the years 2015 and 2050. The model was run for 
18 months and the results form part of the model intercomparison for both 
the IPCC report on aircraft emissions and the EU AEROCHEM project. The 
SLIMCAT model is an iscntropic off-line Eulerian transport model, where "ver- 
tical' velocities are calculated using the Middle Atmosphere Radiation scheme 
(Shine, 1987) from the UGAMP Stratosphere Mesosphere Model. 
The results of the SLIMCAT model are presented and the effect of future air- 
craft emissions on the distribution of chemical species during northern hemi- 
sphere winters is discussed. Model output using interactive ozone values to 
calculate diabatic heating arc also compared to results using a climatological 
ozone field. 

THE POLINAT-2 EXPERIMENT: A STUDY OF LARGE-SCALE AIR 
TRAFFIC EFFECTS 

H. Schlager and U. Schumann (Deutsches Zentrum fuer Luft- und Raumfahrt (DLR), 
Institut fuer Physik der Atmosphaere, Oberpfaffenhofen, D-82234, Wessling, 
Germany, email: hansjchlager@dlr.de, ulrich.schumann@dlr.de) 

The POLINAT-2 (Pollution from Aircraft Emissions in the North Atlantic Flight 
Corridor) aircraft field campaign was performed in Sep/Oct. 1997 based from 
Shannon, Ireland. The objectives of the POLINAT-2 experiment were to investigate 
large-scale impact of subsonic air traffic in the North Atlantic flight corridor (NAFC), 
to evaluate the NOx budget in the upper troposphere, and to intercompare chemical 
aircraft measurements. Using the DLR Falcon a total of 10 missions were flown 
including north- and southbound survey flights in and around the NAFC. Also 
measurements during in-service flights of an instrumented Swissair B747 over the 
North Atlantic were performed. The flight planning was based on meteorological and 
chemical forecasts of University of Bergen and KNMI, respectively. A key partner in 
the investigation is the SONEX (SASS Ozone and Nitrogen Oxides Experiment) 
project which was deploying a NASA DC-8. Coordinated missions with SONEX 
include formation flights for instrument intercomparison and joint corridor track 
crossings. A preliminary data analysis indicates that large-scale corridor effects for air 
traffic NOx were observed. 

THE INFLUENCE OF AIRCRAFT EMISSIONS ON THE GEOGRAPHICAL 
DISTRIBUTIONS OF OZONE AND RESERVOIR SPECIES IN THE UPPER 
TROPOSPHERE AND STRATOSPHERE 

E. Rozanov. V. Zubov, M. Schlesinger, F. Yang and N. Andronova 
University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA 
rozanov@atmos.uiuc.edu 

The UIUC 3-D Atmospheric Chemical Transport model is used to estimate the influence 
of subsonic aircraft emissions on the geographical distribution of ozone and other species 
in the upper troposphere and stratosphere. Several 5-year-Iong steady-state model runs 
have been carried out for the boundary conditions of 1995 and the wind field derived from 
the UIUC 24-layer atmospheric general circulation model. A NASA dataset is used to 
describe the NOx emissions from the present-day subsonic aircraft fleet. The results of the 
simulations are compared with satellite and airborne measurements to estimate the ability 
of the model to simulate the ozone and NOy distributions in the upper troposphere and 
stratosphere. The comparison of model runs with a control run without the aircraft NOx 
source is performed to estimate the geographical and seasonal distribution of the changes 
in ozone and reservoir species caused by the aircraft emission. The model results show 
that the largest influence of aircraft NOx emissions occurs in the vicinity of the Atlantic 
flight corridor and in the area where heterogeneous reactions on Polar Stratospheric Cloud 
particles take place. The latter can be explained by the high sensitivity of the polar 
stratosphere to the changes in the intensity of HNOj sources. 

L\ SITU OBSERVATIONS OF AEROSOL PARTICLES IN JET AIRCRAFT 
PLUMES 

F. Schroder. B. Kärcher, A. Petzold 
(DLR, Institut fuer Physik der Atmosphäre, Oberpfaffenhofen, D-82234, Wessling, 
Germany, email: Franz.Schroeder@dlr.de) 

During the Sulphur 5 experiment in April 1997 fine mode aerosol particle emissions 
and contrail ice crystal distributions in the near field of the DLR research aircraft 
ATTAS have been investigated with respect to changing environmental conditions 
(dry exhaust and contrail), changing fuel sulphur content (20 ppm versus 3000 
ppm) and volatile/ non-volatile aerosol fractions. Soot emissions were confirmed 
being independent from fuel sulphur content, amounting to 1.7E15 [#/kg]. Volatile 
ultra-fine aerosols larger than 5nm in diameter have been observed up to 2E17 
[#/kg] for high sulfur and about 2E 16[#/kg] for low sulfur fuel in the dry exhaust. 
Corresponding numbers in the presence of contrail ice crystals were clearly lower, 
namely 6E16 and 6E15, respectively. Significantly increasing trends with plume age 
were found for ultra-fine particles (>5nm) in the low sulfur and for Aitken nuclei 
(>14nm) in the high sulfur case, but exclusively in dry exhaust plumes. In contrast, 
a decreasing trend is evident for ultra-fine aerosols in contrail environment, which is 
consistent with scavenging time scales on contrail ice surfaces. A quantitative model 
analysis of the observed trends with respect to particle growth mechanisms will be 
subject of a further study. 

A DIAGNOSTIC STUDY OF THE PRESENT AND FUTURE 
COVERAGE BY CONTRAILS 
R. Sausen, K. Gierens and U. Schumann 
DLR-Institut für Physik der Atmosphäre, Oberpfaffenhofen, D-82234 Weßling, 
Germany. 
robert.sausanOdlr.de 
The global distribution of the contrail formation potential and the contrail 
cloud coverage are estimated using ECMWF re-analyses data for temperature 
and humidity, and several data bases of aircraft fuel consumption (present day 
and future projections). By means of thermodynamic considerations the prob- 
ability for the occurrence of persistent contrails is determined. This probability 
exhibits a rather strong geographical variability, with maxima in the tropics. 
The mean contrail cloud coverage is computed by multiplying this probability 
with a suitable function of fuel consumption (linear or non-linear). The prod- 
uct is normalized such that the contrail coverage equals the observed value of 
0.5% in a domain between 30° W to 30°E, 35°N to 75'N". The impact of various 
aircraft emissions scenarios (present day, 2015, 2050) is analysed. Sensitivity- 
studies are made with respect to the impact of propulsion efficiency and flight 
altitude. 

IN-FLIGHT MEASUREMENTS OF ATRCRAFT NON-METHANE 
HYDROCARBON EMISSION INDICES 

F. Slemr (1), H. Giehl (1), J. Slemr (1), R. Busen (2), P. Schulte (2), P. 
Haschberger (3) 
(1) Fraunhofer Institut für Atmosphärische Umweltforschung (IFU), D-82467 
Garmisch-Partenkirchen, (2) Deutsches Zentrum für Luft- und Raumfahrt e.V. 
(DLR), Institut für Physik der Atmosphäre, D-82230 Wessling, (3) Deutsches 
Zentrum für Luft- und Raumfahrt e.V. (DLR), Institut für Optoelektronik, D-82230 
Wessling 
slemr@ifu.fhg.de/Fax: +49-8821-183296 

Concentrations of non-methane hydrocarbons (NMHC), CO and CO2 were 
measured in exhaust plumes of the DLR experimental aircraft ATTAS equipped 
with Rolls Royce M 4JH MkJOl engines. The emission indices (El) of individual 
light NMHC were determined from ratios of NMHC and CO concentration 
enhancements measured in grab samples and the concurrent in-flight 
measurements of El of CO by FTIR emission spectroscopy and/or simultaneous fast 
continuous measurements of CO and CO;. Alkenes and alkynes generated by 
cracking of larger NMHC molecules and aromatic compounds originating from 
unbumt fuel constituted a larger and a smaller fraction of the NMHC emissions, 
respectively. The ElfNMHC) were strongly dependent on the engine power setting. 
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AIRCRAFT NO* IMPACTS ON TROPOSPHERIC OZONE 

D.S. Stevenson (1), C.E. Johnson (2), W.J. Collins (1) and R.G. Derwent (1) 
(1) Atmospheric Processes Research, Meteorological Office, London Rd, Brack- 
nell, RG12 2SZ UK, (2) Hadley Centre for Climate Prediction and Research, 
Meteorological Office, London Rd, Bracknell, RG12 2SZ ÜK. 
dstevensontoeto.gov.ux/Fax: [44] 1344 854493 

The UK Meteorological Office off-line chemistry-transport model (STOCHEM) 
has been used to investigate the impact of subsonic aircraft NO* emissions on 
tropospheric oxidants. NASA Aircraft emissions estimates for 1992, 2015, and 
2050 have been used, whilst surface emissions follow the IPCC is92a scenario. 
Despite the non-linear chemistry of ozone, the increase in ozone scales nearly 
linearly with NO* emissions, suggesting that ozone production in the upper 
troposphere is strongly NO»-limited. A strong seasonal cycle is seen in the 
ozone perturbation due to aircraft NO», with a peak in spring. The reasons for 
this peak are thought to be due to the seasonal cycle in upper tropospheric NO», 
which reaches a peak in the Northern Hemisphere in summer, due to emissions 
from lightning. In addition, the chemical lifetime of ozone is much shorter 
in summer, due to the higher radical abundance. More vigorous convection 
during summer also readily mixes upper tropospheric ozone down towards the 
surface, where its chemical lifetime is shorter. The impact of PAN chemistry 
on the ozone perturbation is also investigated, by excluding PAN as a species 
in simulations with and without aircraft emissions. PAN plays a major role in 
the determination of background upper tropospheric NO». 

A POSSIBLE CHANGE IN CLOUD RADIATIVE FORCING DUE 
TO AIRCRAFT EXHAUST 

K. Wyser and J. Ström 
Dept. of Meteorology, Stockholm University, S-106 91 Stockholm. 
klaustoisu.su.se; johantoisu.su.»«/Fax: [+46]8 15 71 85 

The radiative forcing of natural cirrus clouds from a reduction in the mean ice 
particle size is presented. The estimated reduction of the mean size in natural 
due to aircraft exhaust expected in the range between 10 and 30% based on 
measurements. The im However, the climatic forcing, the weighted sum of S\V 
and L\V forcings, depends on mean particle size, surface albedo and the ice 
water content. It appears that there is a range of diameters between 15 and 
25 /im where the climatic response to a change 

GLOBAL LMPACT OF A FUTURE HIGH-SPEED CIVIL TRANSPORT 
(HSCT) AIRCRAFT FLEET ON THE ATMOSPHERIC OZONE COLUMN: 
A THREE-DIMENSIONAL MODEL SIMULATION 

William L. Grose and Richard S. Eckman 
NASA Langley Research Center, Hampton, VA USA 
grose@haloe.larc.nasa.gov 

Multi-year simulations have been conducted with the Langley Research Cen- 
ter (LaRC) three-dimensional, atmospheric Chemical Transport Model (CTM). The 
model vertical domain (24 levels) extends from the surface through the stratosphere. 
The model includes a comprehensive treatment of both gas phase reactions and het- 
erogeneous chemical processes on polar stratospheric clouds (PSCs) and sulfate 
aerosol. Results from a model simulation that includes emissions from a mixed fleet 
of subsonic and supersonic aircraft with a route structure assumed for the year 2015 
will be compared with results from two control simulations for the year 2015 (one 
assuming emissions from subsonic aircraft only and one assuming no aircraft). All 
three simulations assume the same background sulfate aerosol loading. The aircraft 
source emissions (NO», H2O, and sulfates) used in the calculations are taken from a 
compilation of scenarios developed during the recent Intergovernmental Panel on Cli- 
mate Change (IPCC) assessments. Results will be presented for the case of an HSCT 
fleet with an emissions index for nitrogen oxides equal to 5.0 grams per kilogram of 
fuel and assuming 50% of the fuel sulfur is converted to sulfate particles in the ex- 
haust. Discussion will focus on the the relative importance of the different chemical 
cycles that destroy orone and the resultant seasonal and latitudinal perturbations in 
the column ozone resulting from the aircraft emissions. 

IN SITU MEASUREMENTS OF NOX IN THE NORTH ATLANTIC FLIGHT 
CORRIDOR 

H. Ziereis. H. Schlager. P. Schulte, and I. Köhler 
(DLR, Institut fuer Physik der Atmosphaere, Oberpfaffenhofen, D-82234, Weßling, 
Germany) 
HelmutJUereis@dlr.de 

Aircraft emissions are a major source of nitrogen oxides in the upper troposphere 
and lower stratosphere. They are of particular importance due to their potential to 
modify the net ozone production rate there. In situ measurements of nitrogen oxides 
in the upper troposphere of single research flights are affected by the high variability 
of the nitrogen oxides abundance in this region and represent no adequate data base 
for comparison with simulated NOx fields from models. 
Here a data set is presented that comprises more than 30 measuring flights which 
were performed between July 1994 and July 1996 in the Flight Corridor over the 
North East Atlantic. For the measurements the DLR research aircraft "Falcon" was 
used, equipped with NO, N02, and 03 detectors. A significant seasonal dependence 
of the nitrogen oxides abundance was found in the upper troposphere. Mean NOx 
values range between 120 and 280 pptv and SO and 140 pptv in summer and winter, 
respectively. 
The measured NOx abundance is compared to NOx fields predicted with the general 
circulation model ECHAM, which was extended by a linear NOx chemistry module. 
It is found that predicted NOx values compare fairly well with measured NOx values 
both for summer and winter conditions. 

ENVIRONMENTAL CONDITIONS FOR LONGLIVED CONTRAILS AS 
DERIVED FROM MOZAIC DATA 

C. Wunram. S. Bakan. MPI f. Meteorol., Hamburg 

The European project MOZAIC (Measurement of Ozone on Airbus In-Service 
Aircraft) provided during the last years a large set of near tropopause environmental 
data of temperature, ozone and water vapour. These have been subjected to a statistical 
analysis with the goal to define more precisely the environmental conditions in cases 
of persistent contrails. To locate such contrails in the very frequented transatlantic 
flight corridor NOAA satellite quick-looks of the eastern North-Atlantic were analysed 
for the summer period of 1995. The MOZAIC data of individual flight tracks 
correspond well to the ice cloud distribution inferred from these satellite images. 
Cloudy regions are in general connected with high moisture content around ice 
saturation and low ozone concentration, indicating the tropospheric origin of clouds. 
Although the measurement level of MOZAIC data cannot be guaranteed to coincide 
with the height of contrails observed in the satellite images, occasional overlap is 
suggested by the moisture record of individual flight tracks. These cases exhibit a 
systematically smaller ozone concentration than contrail free areas. Details of and 
possible reasons for these observations will be presented and discussed. 
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•SY.A.S.E. - The French wake vorto« Spicing system" r.  Clint and J.C. 
Valentin and A. Corjon 

Tha STXA (Sarviea Technique da la Navigation Aerienne) la performing atudiea on 
Make vortieaa sinoa if92 for tha DCAC (Oiractlon Oenerale da 1'Aviation civile). 
Bua to llraitad budgat. tha work prograaa la not aa faat'as expected. 

Xn thia paper. Me will praaant sy.A.a.I. (Systeme Anticlpetif da oaation daa 
Ispacementa). Thia ayatem intanda to optliaiaa tha separation batwaan aircraft 
at landing and take-off. All tha davalopmanta dona in franca ara ralatad to 
thia dafinltlon. 

A flcat version of STACK haa baan aat-up and an experiment aiming at 
operational? verifying tha aystem la praaantad. Thia firat varaion concarna 
aircraft at dapartura and croaawlnd eonaidarationa. Than a vlndllne of aavan 
anonomatara haa baan inatallad on Toulouaa-llagnac airport to monitor tha 
position of tha vortieaa.- Thia trial ahould aasass tha naadad accuracy on tha 
wind meeauremont for an oparational aystem, Tha constituted wind databaaa will 
ba uaad to develop ahort tarn forecasting compulaory to hava tha landing 
version of SYACE. 

ANALYSIS OF THE MICROPHYSICAL DATA IN THE EURICE 
DATA BASE. 

Roderick Brown and Elizabeth J. Hewn 
Forecast Products, UK Meteorological Office 
rbro\vn@tncto.gov.uk/Fax: +44 (1344) 854412 

Aircraft icing remains a significant aviation hazard, especially for turboprop 
aircraft, and rotocraft because of the lower altitude at which they operate. The 
EURICE project, partly funded by the EC. has been running for two years. This is 
aimed at examining current aircraft icing problems and the related certification 
process. 

As part of EURICE. a data base of microphysical measurements has been 
established by the Project Coordinators. CIRA. The data base contains 7000 nm of 
measurements from the EURICE partners, plus 28O0O run gathered by the FAA. 
The liquid water content (LWC) measurements cover the range 0 - -39°C and 500 - 
25600 feel. The variation of supercooled LWC with altitude, temperature and 
extent is described briefly in this paper. 

An important part of EURICE is the consideration of the accuracy of the current 
Appendix C iciug atmosphere. Results will be presented of a detailed comparison 
between tlac microphysical data and Appendix C. Only drops to 50 microns 

. diameter arc considered as in the current Appendix C. It is shown that the data arc 
in excellent agreement with the Appendix C supercooled LWC vs. median volume 
diameter characterization for both stratiform and convective cloud. Poorer 
agreement will be shown with the Appendix C altitude vs. temperature icing 
envelope. Finally, the applicability of Appendix C to conditions below 10.000 ft is 
considered briefly. 

Computational Investigation of Aircraft Trailing-Vortex Evolution 
in Atmospheric Boundary Layers. 

Denis DARRACQ and Alexandre CORJON 

CF.RFACS - CFD Tram, Toulouse Ifnnn) 

This paper presents three-dimensional large eddy simulations (LES) of civil- 
aircraft trailing vortices in different realistic atmospheric boundary layers 
(ABL) with a non-hydrostatic meteorological model. These calculations were 
performed in order to parametrize an operational model aiming at managing 
the separations between aircraft at take-off and landing. The problems consid- 
ered here are taken from twelve selected cases corresponding to trials made 
at Idaho Falls sponsored by the Federal Aviation Administration (FAA) in 
1980. During these trials there was two prevalent meteorological conditions: 
stable boundary layer and turbulent convective boundary layer. The three- 
dimensional behavior of the wake vortices (Crow instabilities) as well as the 
affects of the atmospheric parameters (turbulence, lateral wind, stratification) 
are discussed. The results of the simulations are compared to experimental 
data. 

Expected Performance of Crosswind-Based Wake Vortex Avoidance Systems at 
DFW Airport 

D. Burnham & R. Rudis 

Relaxation of wake vortex separation standards is possible when the ambient 
crosswind is within certain limits. The feasibility of a wake vortex avoidance system 
(WVAS) based on such limits depends upon (1) how often suitable crosswinds occur, 
(2) how long the conditions last, and (3) whether separation changes can be forecast. 
The paper will analyze five different crosswind-based WVAS, which address landing, 
takeoff, single-ruwway and close-spaced-parallel-runway operations. The analysis 
uses minute-by-minute wind data collected at the Dallas-Ft. Worth Airport. 

THE INFLUENCE OF ATMOSPHERIC TURBULENCE ON CROW 
INSTABILITY INITIATION 

A. Dynnikov(l) 

(1) Central Aerohydrodynamic Institute 
aldyn@tsagi.rssi.ru 

The sinusoidal instability known as the Crow instability is an essential factor 
affecting the disintegration of the vortex wakes. This instability should be taken into 
account in the wake vortex decay model intended for the investigation of the second 
airplane dynamics. The initiation of the Crow instability due to atmosphere 
turbulence and variable wing loads is considered in the some publications in which 
the lifespan of a vortex time is estimated. In this investigations it is supported that 
the wake vortices disappear when the amplitude of vortex line deviations from an 
initial position becomes equal to the initial distance between them. There are a 
number of experimental work in which the vortex lifespan is estimated at different 
turbulence levels. To investigate the second airplane dynamics it is necessary to 
know not only the lifespan of a trace, but also a spatial position of vortex lines. This 
position is a random process, the characteristics of which depend on many factors, 
mainly on atmospheric turbulence. The purpose of this paper is to determine the 
characteristics of this process. These characteristics can be used to construct an 
•algorithm which generates random realizations of the wake vortex position in space. 
Such an algorithm can be used for the investigation of the second airplane 
dynamics. 
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COMPARISON OF LABORA1UK» WAKE VORTICES WITH A1KCKA* 1 
VORTICES 

D. P. Delisi (I), G. C. Greene (2), and R. E. Robins (1) 
(1) Northwest Research Associates, Inc., Bellevue, WA 
(2) NASA Langley Research Center, Hampton, VA 
don@nwra.com, g.c.greene@larc.nasa.gov, bob@nwra.com 

Measurements of wake vortices from both laboratory models and aircraft will be 
presented. The laboratory measurements were obtained in a water-filled towing tank 
using model wings. Vortex evolution in the laboratory is followed from generation 
through decay in three stages: (1) a 2-D line vortex pair, (2) transition from 2-D line 
vortices to 3-D vortex rings, and (3) development, migration, and decay of vortex 
rings. The laboratory experiments use both dye (for visualization) and neutrally- 
buoyant particles (for both visualization and DPIV measurements of circulation). We 
will present measurements in both nonstratified and stratified flows to show the 
effects of stratification. Measurements of aircraft vortices, obtained as part of 
NASA's AVOSS Wake Vortex Program, will also be presented. Simultaneous 
meteorological measurements will be used to interpret the aircraft wake vortices in 
terms of nondimensional parameters. We will compare vortex transport and decay 
from the laboratory and aircraft measurements both to each other and to a modified 
version of a wake vortex prediction algorithm originally reported by Greene (1986). 

Keaucing cne impact wi nuicric lerminai v*earner on i»i«j«« o AII |H»ri» mm 
the Integrated Terminal Weather System (TTWS) 

J. Evans, Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, MA 
jime@ll.mit.edu/Fax: 781-981-0632 

Adverse terminal weather is the major cause of delay at major US airports as well as 
a significant safety hazard. A fully automated terminal weather decision support 
system has been developed which combines data for ground and airborne weather 
sensors as well as national numerical models to provide products which can be directly 
used by controllers, pilots, traffic flow managers, terminal facility supervisors and 
automation systems. The current products include predictive wind shear information, 
storm tracking and extrapolation, storm severity and high resolution gridded winds to 
improve aircraft sequencing and merging. Operational use of functional prototypes at 
three major US airports (Dallas, Orlando and Memphis) has shown that delays due to 
convective weather can be substantially reduced and that better terminal winds 
information can improve aircraft merging and sequencing during adverse weather. The 
greatest convective weather delay reduction benefits were found to arise from 
improved traffic flow management decision making. The paper concludes with a 
summary of current research underway to further extend the safety and efficiency 
(delay reduction) benefits. 

AMETIS1 SYSTEM FOR WINDSHEAR AND INVERSION 
WARNINGS AT THE ZURICH-AIRPORT 

D. Engfer 
Meteorological Office Zurich-Airport, Swiss Meteorological Institute. 
eng@sm!uch / FAX: +41-1-816 20 14 

Whirl shears and Inversions are especially during landing or take off a 
meteorological danger for the aviation. AMETISl [Aeronautical METeo- 
rologlcal Information System) Is a ground-based observing system 
which collects temperature, dew point and wind data from several sur- 
face stations at different heights on hills surrounding Zurich airport. 
With these data wind shear and Inversions are calculated and display- 
ed on a screen In color depending on the degree of danger for aviation. 
If defined threshold values are reached or passed, an acoustic signal 
Is emitted and a wind shear or Inversion warning Is Issued. 
Since 1988 AMETISl Is operational and data from exceptional weather 
situations concerning wind shear or Inversions were collected and 
analysed. An example for a weather situation with wind shear Is the 
foehn wind that reaches the airport aera and produces wind shears of 
8 KT In a layer between 1450 ft/GND and 2000 ft/GND and an Inver- 
sion of 9* C between ground and 300 ft; another example for a strong 
Inversion up to 16* C Is a high pressure system during winter In a layer 
between 1450 ft/GND and 2300 ft/GND. 

EFFECTS OF WEATHER ON AlRCRAr 1 WAKE TLRBLLt.NCfc 
EXPERIENCED DURING CRUISE FLIGHT 

George C. Greene 
NASA Langley Research Center, Hampton, VA, USA, g.c.greene@larc.nasa.gov / 
Fax: 757 864-8858 

Weather effects on aircraft wake turbulence in the terminal area are a current topic of 
international research. Due to recent reductions in vertical aircraft spacing over the 
north Atlantic ocean, there is increasing international interest in the effects of wake 
turbulence, during cruise operations. This paper presents an analytical study of the 
effects of weather and aircraft size on the potential for wake turbulence in cruise. A 
simple model of wake motion and decay is used to estimate the effects of winds, 
atmospheric turbulence, and temperature lapse rate on the maximum distance which a 
wake might descend. An estimate is also provided as to whether or not the wake 
remains coherent or descends as a series of crude rings due to the Crow Instability. 
The wing span of the generating aircraft is show to be a critical parameter in addition 
to the weather. 

Impact of Adverse Weather on Major US Airports 

J. Evans, Lincoln Laboratory, Massachusetts Institute of Technology. Lexington, MA 
jime@ll.mit.edu/Fax: 781-981-0632 

Adverse terminal weather is of particular concern at major US airports due to the very 
high traffic volume, the frequency of convective weather, air traffic operational 
procedures and airline scheduling procedures. This paper summarizes lessons learned 
in 10 years of experimental terminal weather information system operations at major 
US airports, including Dallas/Ft Worth, Orlando, Memphis, Kansas City, Denver and 
San Francisco. We review first the implications of the overall air traffic management 
philosophy used in the US in creating sensitivity to adverse terminal weather. Recent 
results in the area of safety (especially windshear, gravity waves, downbursts, and 
CAT near storms) are described, including statistics on the relationship between 
microbursts and days with thunderstorms. We then discuss the impact of convective 
weather and low ceiling/visibility on delays and operational efficiency. It is shown that 
a significant fraction of the delay is "avoidable," given better weather and air traffic 
management decision support tools. The paper concludes with a summary of 
implications of the US experience for European airports. 

PARTICIPATION OF METEO-FRANCE IN WAKE VORTICES STUDIES 

B. Gillot (1) and C.Marais (1) 
(1) METEO-FRANCE, SCEM Toulouse, FRANCE 
christine.marais@meteo.fr/Fax: 33561078079 

In order to reduce aircraft separation standards defined by ICAO, Meteo-France has 
developed different wake vortices studies, as requested by the STNA (« Service 
Technique de la Navigation Aenenne »). In the first study, the effect of crosswind 
on wake vortices trajectory is analysed by using the VORTEX model, developed by 
CERFACS (« Centre Europe«! de Recherche et de Formation Avance« en Calcul 
Scientifique »). This model allows real-time evaluation of hazards associated with 
the wake vortices. The work has led to the definition of crosswind classes related to 
hazard duration, which corresponds to the time the two vortices stay inside the 
safety corridor (defined as the range ± 45 m from the runway axis). These classes 
depend on the number of runways and their distance. Regarding the configuration 
« separation of 3NM on independent runway», two classes of crosswind are 
needed: smaller than 3 m.s'' and larger or equal to 3 m.s"1. The second study 
analyses the evolution of wake vortices at small scale in 2D by using the French 
Meso-NH model, an atmospheric simulation code developed in cooperation 
between Meteo-France and the CNRS («Centre National de Recherche 
Scientifique »). This model is initialised with the Idaho Falls experiment data. 
Different crosswind, stratification and wind profile are simulated for stable and 
mixed convective boundary layer. The work on the crosswind leads to about the 
same classes as with the VORTEX model. The VORTEX model could be improved 
in a further step by using the results on stratification and windshear. 
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WEATHER IMPACT ON THE AIR TRAFFIC IK THE THREE 
AIRPORTS OF GALICIA (SPAIN) 

L.Gimeno(l), A.Rua(2), O.Vidal(l), 
D. Fernandez(1) 
(1) Facultad de Ciencias de Orense, Univeridad de 
Vigo, (2) Departamento de Estadistica, Universidad 
Complutense de Madrid./Fax 34 1 88 387159 

Galicia is the Spanish region placed in the 
Northwest of the Iberian Peninsula. There are 
three international airports in the region placed 
in Vigo, Santiago and La Corufla. The aim of this 
study is to know the meteorological patterns that 
have produced problems in their air traffic in the 
last five years, to classify these patterns, to 
evaluate the cost/pattern for different air 
companies and to study the beneficts that an 
improvement in the nowcasting could have produced. 

THE PREDICTION OF VERY SHORT PERIOD CROSSWIND 
SPEED USLNG STATISTICAL TECHNIQUES. 

Neil Halscv 
Aviation Applications Research, UK Meteorological Office 
nhalsey@meto.gov.uk/Fax: +44 (1344) 854412 

Any future wake vortex advisory system needs to have the capability to predict the 
strength of the crosswinds affecting aircraft in the vicinity of the runway. Wind 
measurements are routinely taken at all airports and these measurements are 
available to the pilot through air traffic control. This is problematic since it is 
unlikely that the measured wind speed would be appropriate to the precise time and 
location of the aircraft on either final approach or after take-off. 

It is known that the use of persistence gives a reasonable forecast of wind speed 
over short time periods or short distances although the use of predictive statistical 
techniques can reduce forecast errors quite markedly. 

This paper describes the use of various techniques for crosswind prediction as 
applied to a large sample of one-minute reading taken at Memphis airport during 
1995. Results are presented showing the improvements in forecast accuracy that can 
be gained through the use of these techniques. 

VORTEX WAKE MEASUREMENT TEST RUN FACILITY SCHIPHOL 

J.H.M. Oooden (1), E. WiUemsen (2). A. Marsman (1) 
(1) National Aerospace Laboratory NLR, (2) DNW, Emmeloord NL 
gooden@nlr.nl / Fax: +31 527 8210 

The flow field downstream of the Test Run Facility at Schiphol Airport was 
measured to obtain detailed and quantitative data on the vortiex wake. It was found 
that this wake was characterised by two strong vortices and a large velocity defect. 
The facility, which consisted of 16 m high walls, is located at 330 m sideways from 
the eastern threshold of runway 27. Under quartering headwind-conditions the wake 
of the building crosses the approach path. The tests were initiated as a result of pilots 
reporting not only elevated turbulence levels but occasionly also speed loss and 
aircraft bank. As these perturbations were experienced during the final approach 
phase, restrictions were issued on the use of runway 27 under certain wind 
conditions. The measurements, directed towards reducing the wake-disturbance, were 
performed in the DNW-LST 3*2.25 m'. The downstream development of the flow 
was measured by means of a scanning 5-hole tube rake, enabling a rapid 
measurement of the velocity vector field in a cross-section behind the model. 
Turbulence data were also obtained at some positions. It was found that the 
concentrated wake was lifted by the action of the vortices, although the latter were 
found to decay rather quickly, probably due to dissipative action of the viscous wake. 
The results have been used as input to some first flight-simulator studies. These 
suggested that the perturbations to the aircraft motion, as experienced in practice 
were caused primarily by the velocity defect in the viscous wake and not by the 
vortices. The study lead to a lowering of the walls from 16 to 6 m. 

OBSERVATIONS OF AIRCRAFT ICING AND SUPERCOOLED 
LARGE DROPS 

T. Häuf, F. Schröder 
Deutsches     Zentrum     lür     Luft-     und     Raumfahrt     (DLR)     e.V. 
Oberpfaffenhofen @thomas.hauf@dlr.de        Fax ++49 8153 28 1841 

During the EURICE flight campaign March 1997 a DLR DO-228 research 
aircraft made five flights over Southern Germany in supercooled clouds. The 
aircraft was equipped with optical cloud probes (OAP 2DC, FSSP 100, FSSP 
300), a LWC probe, a temperature sensor and an icing cylinder with video 
documentation. The measurements took place in mixed-phase stratus clouds 
and stratus with embedded convection. Cloud top temperature was at about - 
5° C. Maximum icing rates of 3.5 mm/min together with drops in the size 
range 50 - 200 um (SLO) were found frequently and on spatial scales ranging 
between several hundred meters and several kilometres. Ground-based 
radar observations show clearly that these SLD events occurred whenever 
the aircraft penetrated one of the embedded convective cells. SLD were 
found at all heights but seemed to be more frequent near cloud top where 
also maximum LWC values were found. A physical picture of the SLD 
mechanism will be developed and implications for the aircraft icing problem 
will be discussed. A video clip shows the growth behaviour during SLD 
events and for standard icing. 

Analysis of Stalled Vortices at DFW Airport 

J.N. Hallock. D.C. Burnham, and J.J. Sigona 

Separation standards for final approach must account for the possibility that a wake 
vortex generated by a preceding aircraft may, because of interaction with the ground 
and the ambient crosswind. stall in the glide path. A ground-based array of 
anemometers was used extensively in the 1970s to detect stalled vortices. An array 
also gives measurements of the ambient wind close to the location where the vortices 
lateral motion is measured. Data recently collected at Dallas-Ft. Worth Airport are 
analyzed and compared to the 1970s results. The analysis concentrates on the arrivals 
when atmospheric turbulence was low to optimize the vortex detection and to select 
conditions when long vortex lifetimes can be expected. 

AIRCRAFT WAKE VORTEX CHARACTERISTICS IN 
THE STABLY STRATIFIED ATMOSPHERE 

F. Holzäpfel and T. Gerz 
Institute of Atmospheric Physics, DLR-Oberpfaffenhofen, Germany 

Aircraft wake vortices (WVs) may exert a serious danger on-a following 
aircraft if the separation between the leading and following aircraft is 
not sufficient. In view of the expected growth of air traffic, increasing 
demands on the capacity and safety of international airports have to be 
faced. A promising approach to increase the capacity of airports is to 
model the temporal evolution of WVs in order to forecast their lifespan. 

It is meanwhile generally accepted that meteorological conditions 
such as turbulence, stratification and shear dominantly determine the 
development of WVs. We focus on the impact of the stably stratified 
atmosphere, an issue which has been discussed controversly since years. 
Based on 2-D and large eddy simulations as well as simple vortex element 
methods the behaviour of WVs is analysed. Depending on the degree of 
stratification we observe both an accelerated and a decelerated descent of 
WVs. Both effects are explained by the interaction of the WVs flowfield 
with vorticity produced due to baroclinicity. 
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SIMULATION    INVESTIGATIONS    INTO    AIRBORNE    REACTIVE    AND 
FORWARD LOOKING WINDSHEAR DETECTION SYSTEMS. 

H.T Huynh, F. Descatoire (ONERA), K.Ü. Hahn. R. König (DLR). H. Haverdings, 
WFJA. Rouwhorst(NLR). 

The paper to be presented outlines the results of the Flight Mechanics 5* Action Group 
of the Group for Aeronautical Research and Technology in EURope (GARTEUR). The 
aim was to have a better understanding of the behaviour of a transport aircraft under 
windshear conditions, and the improvement in flight safety that can be achieved by 
using an airborne windshear detection system. Some results from an inquiry held 
amongst European airlines to inventory their experience with occurrences of windshear 
events are reported. A complete non-linear numerical simulation was set up in order to 
analyse the aircraft response during windshear encounters at approach/landing and take- 
off. The generic aircraft was assumed to be equipped with a fully automated flight 
guidance coupled to an airborne windshear detection system such as reactive and 
forward looking system (FLS). The windshear scenarios were selected from existing 
models providing realistic wind situations. The investigated atmospheric threats-were 
the downbursttaicroburst situation and the low-level jet. The simulation environment 
was designed to perform a parametric study on various factors such as specific 
characteristics of a forward looking windshear detection system of the Doppler-lidar 
type, severity factors, intensity and location of windshear. Some basic results are 
presented to show the advantage of a forward looking windshear detection system, 
compared to a reactive system. With an advance alert-time of more than 20 s the fully 
automated system has the potential to improve aircraft safety, even in case of extreme 
windshear conditions. But the most promising concept seems to be a combined use of 
reactive and FLS. 

WAKE VORTEX HAZARD Ut I M. I ION UUFrLLK LIDAR 

M Keane(l).D.Buckton(l)andD. Darracq(2) 
(1) Dept. of Experimental Physics. NUI Galway. Ireland. 
<2) CERFACS, Toulouse. France 
keane@epona.physics.ucg.ie. Fax +353 91 525700. 

The performance of an airborne, wake vortex detection system is investigated by 
simulation. The proposed detection system uses a forward looking, pulsed Doppler 
Lidar to interrogate the intended flight path of the aircraft It aims to give advance 
warning of any hazardous wake vortices, generated by preceding aircraft, that enter the 
aircraft's intended airspace. Any Doppler system is only capable of resolving velocities 
in the direction of the emitted wave. Thus, the proposed system aims to detect 
hazardous wake vortices based on axial characteristics. 

Realistic wake vortices are simulated in a convective atmospheric boundary layer 
using a three-dimensional Large Eddy Simulation model. The simulation is initialised 
with data collected during trials made at Idaho Falls by the Federal Aviation Authority 
in 1990. The evolution of the vortices in characteristic atmospheric conditions is then 
calculated. At discrete stages in the evolution, the computed flow field is applied to the 
Lidar system simulator. The Lidar system simulator models the shot noise limited 
Lidar, the atmosphere and the signal processing, outputting the set of line of sight 
velocities that would be measured by a Doppler Lidar interrogating the given flow 
field. Pattern recognition techniques are used to delect any vortices. At each stage the 
hazard posed by any vortex in the flow field is estimated by calculating the rolling 
moment that it would affect on an encountering aircraft. If this rolling moment is of 
the same order as the rolling-moment capability of a commercial transport aircraft, 
then it is classified as a hazardous vortex. This paper aims to demonstrate that all such 
hazardous vortices can be detected using the proposed Lidar system. 

IN-FLIGHT ICING CLOUD MEASUREMENTS BY AN AIRBORNE 
DROPLET ANALYSER 

L. Imperato, G. Leone 
CIRA, Italian Centre for Aerospace Research, 81043 Capua, (CE) Italy 

CIRA experimental involvement in EURICE project for severe icing conditions 
research in the atmosphere concerned the participation to the flight test campaign 
conducted in March 1997 in The Netherlands on NLR research aircraft CIRA 
contributed to the flight tests with the utilisation of an optical probe based on Phase 
Doppler measurement technique for the individuation of droplets diameter distribution 
in the clouds. So on an Airborne Droplet Analyser (ADA) has been developed and 
installed on NLR aircraft with the main aim to be able to detect droplets in a range 
between a few until 600 and more microns. During three flights the pkobe acquired 
droplets of different diameters with presence of sparse large droplets; diameter 
distributions have been correlated with altitude and air static temperature during each 
of the three flights. Median Volume Diameters and Liquid Water Contents have been 
calculated for shorter time interval when the cloud characteristics and the data rate 
allowed to have a consistent number of droplets acquired. The results obtained have 
been analysed in order to compare data to FAR 25 App. C icing certification 
requirements and to foresee tests conditions for performance degradation research in 
icing wind tunnel facilities. 

MORE INSIGHT INTO AIRCRAFT WAKE VORTICES 
BY MEANS OF GROUND-BASED CW DOPPLER LIDAR 

F. KÖDD 
Institute of Optoelectronics, DLR-Oberpfaffenhofen 
friedtlch.koeppedlr.de/Fax: +49-8153-281608 

Aircraft wake vortices are presenting a potential hazard to other aircraft 
following closely behind. This is not only a safety problem but also a 
capacity problem at major airports. Several approaches are under in- 
vestigation: A reduction of the presently binding separation distances 
can be achieved by long-range airfield systems or forward-looking on- 
board sensors for wake-vortex detection and warning. In the design 
phase of new aircraft types, mechanical features for vortex alleviation 
can be taken into account. Supposition for these approaches Is the 
precise knowledge of the vortex properties and their temporal behav- 
iour. At DLR, a cw Doppler Lidar has been developed for boundary 
layer wind measurements. This system is also used for the investiga- 
tion of vortex properties, like velocity distribution, circulation, transport 
in ground influence and decay. Dunng several field experiments, the 
signatures of a large variety of aircraft types have been acquired cov- 
ering the bandwidth from small business to large commercial aircraft. 
Experimental data will be presented, including data of scarcely investi- 
gated vortices like those being generated by fighter-type aircraft and 
by helicopters. The relationship to aircraft parameters and to the atmo- 
spheric environment will be considered. 

SUPERCOOLED LARGE DROPLETS IN ICLNG CONDITIONS 

HenkW. Jentink 

National Aerospace Laboratory NLR, Instrumentation Department, 

PO Box 90502, 1006 BM Amsterdam, The Netherlands 

Tel.: +31 20 5113113, Fax: +31 20 5113210, email: jentink@nlr.nl 

In March 1997 NLR investigated the icing atmosphere for aircraft by flying 

with an instrumented research aircraft through clouds. Liquid water content, 

droplet diameter distributions and air temperature were measured. Large 

droplets were found in air masses with a limited extent. Results from the 

measurement campaign are presented. Implications of ice accretion on 

helicopters and fixed-wing aircraft due to large droplets are discussed. The 

investigations were part of the project EURICE, a co-operation between 

aircraft manufacturers, research institutes, civil aviation authorities and 

universities. 

COMPARISON OF ASR WEATHER CHANNEL ECHO AND 3 D 
LIGHTNING OBSERVATIONS IN FLORIDA STORMS 

P.Laroche. P. Blanche!, E.Defer, C. Thery 
ONERA 

laroche@onera.fr 

Precipitation radar echo of a Florida storm is provided by the weather 
channel of an Airport Surveyance Radar. ASR delivers a vertical integrated echo of 
precipitations. The 2D storm cells described by this radar are compared with 3D 
lightning location provided by a high resolution VHF interferometer. We discuss how 
interpretation of informations on storms from a simple weather radar device can be 
improved by a detailed description of the lightning activity. Application of this 
concept to Air Traffic Management support is also discuss. 
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AVIATION WEATHER IMfAC is U.H AlK tkA*Ml siuiu.uu.1. 

C. Lindsey (I), P. van Tulder (2). A. Haraldsdom'r (2). R. Schwab (2). A. Warren (2) 
(1) NorthWest Research Associates, Inc., Bellevue, WA, (2) Boeing Commercial 
Airplane Group, Seattle, WA, lin@nwra.com/Fax: 425-644-8422 

Weather has a major impact on the capacity, efficiency, and safety ofthe air traffic 
management (ATM) system. Runway acceptance rates and other capacity metrics are 
reduced in instrument meteorological conditions. According to some studies. 40-65 
percent of delays that impact U.S. domestic airlines are caused by adverse weather, at 
annual direct costs ranging from S4-5B per year. Passengers are inconvenienced by 
flight delays and cancellations or diversions due to weather, and are uncomfortable or 
may even be injured when turbulence is encountered during a flight. The expected 
future growth in air traffic will only exacerbate these conditions, imposing constraints 
on the ability of the industry to meet growing demand while improving safety and 
efficiency. The capability to observe, analyze, forecast, and disseminate weather 
information can be improved by recent technical developments, but the air transport 
industry lacks t consistent understanding of how to evaluate and use these new 
capabilities in the most beneficial way. The relative value of different types of 
weather products, the timeliness of their delivery, knowledge about the users and 
providers of aviation weather information, and other factors need to be understood to 
ensure that investment in technology development and operational systems provides 
optimum value. In this paper we present some of the findings from a study we are 
conducting to develop technical and business-relevant information on the impacts of 
weather on the ATM system, and on the role of weather information in emerging 
communications, navigation, and surveillance (CNS) technologies. We describe user 
requirements for aviation weather information, explain where operational deficiencies 
exist in the aviation weather system, and evaluate the impacts that emerging aviation 
weather technologies may have on improving efficiency and increasing capacity in 
the ATM system. 

EFFECTS OF ATMOSPHERIC CONDITIONS AND GROUND PROXIMITY 
ON THE DYNAMICS OF AIRCRAFT WAKE VORTICES: A STUDY OF THE 
1994-95 MEMPHIS FIELD MEASUREMENTS 

Metin I. Yaras. Assoc. Professor 
Carleton University fax: (613) 520-5715 e-mail: myaras@mae.carleton.ca 

This paper studies aircraft wake data acquired by the MIT Lincoln laboratory and 
NASA Langley Research Center at the Memphis, TN international airport during 
December 1994 and August 1995. The objective is to identify the dominant 
mechanisms affecting the transport and decay of aircraft wake vortices. Specifically, 
the effects of atmospheric stratification, wind shear, atmospheric turbulence and 
ground proximity on the far-wake development are examined. The wake;-vortex 
trajectories are observed to closely follow the ideal descent path under calm and 
near-neutral atmospheric conditions and away from the ground. Increased variability 
in the vertical wake trajectory is noted under high ambient turbulence (normalized 
turbulence levels in excess of 0.5) with observations of descending as well as rising 
vortices for the same turbulence energy. Interaction of the wake vortices with 
nonuniform ambient vorticity associated with a ground-jet crosswind profile is 
observed to arrest their vertical descent leading to a rebound. No discernible changes 
are observed in wake-vortex transport and decay over a normalized Brunt-Vaisala 
frequency range of 0.2 to 0.5. Wake-vortex rebound due to viscous ground interaction 
is observed to occur about one time unit after the arrest ofthe initial vertical descent. 
For wake vortices generated sufficiently close to the ground, the rebound is 
immediate. An effect of stratification on the rebound process is not observed over a 
range of normalized Brunt-Vaisala frequencies of 0.07 to 0.35. Furthermore, neither 
winds aligned with the wake axis nor wind shear in this direction appear to influence 
the rebound process. 

Developing the Real Time Verification System to Support 
Aviation Forecasting and Product Development 

Jennifer Mahnncv. Judy Henderson, NOAA/FSL, 
National Oceanic and Atmospheric Administration/Forecast 
Systems Laboratory 
MahoneyOfsl.noaa.gov 

This presentation will describe the Real-Time Verification System 
(RTVS) that NOAA Forecast Systems Laboratory (FSL) is 
developing to support aviation forecasting and product 
development. Verification of products (e.g., AIRMETs and 
SIGMETs) and the "guidance" forecasters use to generate those 
products b very important to the safety and efficiency 6f the 
airspace system. 

FSL recently implemented the initial version of the RTVS at the 
National Weather Service (NWS) Aviation Weather Center 
(AWC). The version included capability to assess the quality of 
AIRMETs (icing, turbulence, and IFR conditions) and algorithms 
that generate forecasts of icing and turbulence. Based on 
feedback we gathered from AWC and the results of a previous 
assessment of requirements, we envision that the end-state RTVS 
will enable: 1) developers to assess the quality of algorithms for 
forecasting variables such as icing, thunderstorms, and 
turbulence; 2) program leaders and managers to assess the 
quality of algorithms and end-user products; and 3) aviation 
forecasters to assess the quality of the "guidance" available to 
help generate products for end-users. 

ANALYTICAL AND NUMERICAL INVESTIGATIONS OF THE 
AIRCRAFT CONDENSING VORTEX WAKE 

AB..Millcr. AL. Stasenko, V.V. Vyshinsky 

Central Aerohydrodynamic Institute (TsAGI), Zhukovsky, Russia 

The interest to the processes of atmosphere vapour condensation, particle 
creation and their subsequent agglomeration in the aircraft vortex wake is 
provided by the actual environmental problems. The aim of these investigations 
is to obtain simple precise formulae for the droplet and crystals concentration 
and mass fraction for certain physical regions and to compare them with the 
results of numerical research which have been carrying out parallel with the 
first. Condensation and aglomeration are considered on the "background" of 
the gasdynamical field ofthe vortices and jet of aircraft. Analytical approach 
include finding of self-similar solutions and the disturbances theory. In order to 
create a real model of a gas velocity field in the vortex wake a various turbulent 
models are used. They include also a self- similar low for the turbulent velocity 
coefficient. In conclusion an optical properties of aircraft condensing yortex 
wake are researched. 

The work is supported by International Science and Technology Center, Projects 
#200, #1018. 

FORECASTING TURBULENCE IN THE UPPER TROPOSPHERE 

Adrian Marroroiin (CTAA. CSU/NOAA. FSL), Cecilia M.I.R. Girz (NOAA, FSL), 
and Jennifer L Mahoney (NOAA, FSL) 

NOAA, Forecast Systems Laboratory, CIRA, Colorado State Univ., Fort Collins, CO. 
e-mail: marroq@fsl.noaa.gov; Fax: (303) 497-3329 

At the Forecast Systems Laboratory (FSL), research is now in progress to develop and 
test diagnostic and prognostic turbulence forecasting algorithms to provide guidance 
for the aviation community. With the advent of reporting objective turbulence obser- 
vations from aircraft, such as the vertical accelerometer and the in-situ dissipation rate 
data, it has been possible to begin development and verification of turbulence fore- 
casting formulations that estimate, in a more physical way. those turbulence events 
that are dangerous to general and commercial aviation. A diagnostic algorithm 
(DTF5.0) has been developed to forecast turbulence from three sources: shear insta- 
bilities (in the boundary layer, and around upper fronts and jets), gravity wave break- 
ing (e.g., mountain waves), and convection-related turbulence. Using the vertical 
accelerometer data, it has been possible to define a turbulence threshold, because 
approximately 90% of these reports correspond to no-turbulence, whereas >90% of 
the voice pilot reports (plreps) related the occurrence of turbulence. Verification sta- 
tistics for the three components of DTF5.0 will be shown, including a discussion of 
seasonal and geographic dependencies. Results using the subjective and uncalibrated 
pireps will be contrasted with those from the objective measures (vertical accelerome- 
ter data and dissipation rate). Comparisons with a two-year set of statistics based on 
pireps for an earlier version of the diagnostic (DTF3.0) will also be made. 

INQUIRY INTO THE GROUND ATC/ATM REQUIREMENTS FOR 
METEOROLOGICAL DATA 

Bernard Monnier. Frederic Barbaras« 
THOMSON-CSF AIRSYS. Bagneux. FRANCE 
monnicririairsys.thomson / Fax: 33.1.40.84.36.31 

The aim of this inquiry is to access the actual and future needs for meterological 
information in the domain of ATC. The assessment has been achieved by sending a 
questionnaire to 24 European and non-European CAA organisations but also 
airports and Eurocontrol. This questionnaire was designed to find out.the needs for 
new meteorological facilities as supplementary of information to french CENA 
inquiry which dealt with the needs ofthe controllers for meteorological information. 
This inquiry has tackled different thematics : data quality, meteorological 
phenomena, man machine interface, simulations and recording, new capabilities. 
prospeciives thematics Answers analysis has revealed expectation for a better 
weather information, centralized on a common interface and particularly for storm 
forecasting visualization in order to increase safety. It appears that En-route flying 
requires turbulences and icing danger estimation. For accident/incident 
investigation, ihcv asked for ability to exploit weather data recording. It appears that 
detection and tracking of thunderstorms requires a forecast period from 15 minutes 
to 3 hours. This inquiry- has been funded by European Communauty for the project 
named 4MIDaBLE (« 4D Meteorological Information Data Base Linked across 
Europe ») in a consortium including Meteo France. UK Met Office. Sofreavia and 
Tlioinson-CSF which was responsible of the study of meteorological requirements 
for Air Traffic Management. We will present its results in this paper. 
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STORM FORECASTING WITH RADAR IMAGE PROCESSING 
BASED ON MODEL-CONSTRAINED & GEODESIC ACTIVE CONTOURS 

pernnrd Monnier. Frederic Barbaresco 
THOMSON-CSF AIRSYS. Bagneux. FRANCE 
monnicriri'.airsys.thomson /Fax: 33.1.40.84.36.31 

Th« Him of this studv is to perform a short term nowcasting of storm evoludon 
(Shape and posiüon). Storms can be tracked by means of adapted algorithms based 
on new techniques such as geodesic active contours (front propagation) combined 
with (affinejmodel-constrained active contour for deformation prediction and 
topological change adaptation. The efficiency of our methods will be demonstrated 
on meteorological radar images. This application has one objective : civil traffic 
regulation according to severe atmospheric phenomenon. These works have been 
included in the European 4DMIDaBLE project.We will describe two main image 
procedures used for thunderstorm clouds tracking : geodesic active contours based 
on Hamilton-Jacobi formulation of curve evolving: and-model-constrained active 
contour based on Euler-Lagrange formulation with affine deformable model. 
Finally, we will expose the new associate algorithmic chain for storm clouds 
detection and tracking, that manages topological changes and allow short term 
forecasting from 5 to 20 minutes of clouds deformation. The efficiency of our 
methods will be demonstrated on multisensor atmospheric images : radar 
(meteorological radar, meteo. channel of Airport Approach Radar), VHF 
interferometer (SAF1R) and satellite images (Meteosat). Correlation between SAFIR 
and Radar data has been demonstrated on real records. 

INVESTIGATION INTO LIGHTNING STRIKES TO HELICOPTERS 

OPERATING OVER THE NORTH SEA 

R. Patton. R.W. Lunnon 

The Met. Office. London Rd.. Bracknell. Berks.. RG12 2SZ. UK 
rpattonlgmeto.gov.ukTax:+44 1344 854412 

A preliminary study to investigate lightning strikes to helicopters operatingover the North 
Sea showed that on a significant number of the events the pilots reported no previous 
lightning activity to be present. This led to the hypothesis that the helicopter triggered the 
lightning strike äs a result of its presence at that point in space and time. This study set out 
to investigate the meteorological conditions surrounding the lightning strikes. Eleven 
incidents dating back to 1992. have been studied. Data has been extracted from Met 
Office archives for the dates and times of the incidents. The analysis of the synoptic data 
(svnoptic charts and satellite pictures) showed that in all eleven cases being studied, 
cumulonimbus (Cb) clouds were in the vicinity. This information is not strictly in 
contradiction to the previous study in that the Cbs may not have started producing lightning 
until the helicopter flew into it. It is true to say. however, that large charged regions will 
have developed within these Cbs. 
A null data set was generated from dates, times and locations when similar Cb clouds were 
present alongside helicopters and a lightning strike didn't occur. The meteorological data 
from this null data set was then compared with the meteorological data from the ele*en 
strike incidents that are being studied in depth. 

A SUCCESS STORY BETWEEN NAV CANADA (Nation's provider of 
civil air navigation services) AND ENVIRONMENT CANADA. 

Author: Michel Nadeau, B.Sc. , Environment Canada, 
100 Bl. Alexis-Nihon, St-Laurent, Qc, Canada. H4M 2NB 
Tel : +1-514-2831123, Fax : +1-514-2831131, 
E-mail : michel.nadeau8ec.gc.ca 

With the increase in the number of flights and the need 
to provide cost efficient weather services, the WWW has 
revolutionized NAV CANADA * s means of providing this 
service.  The level of popularity has  surpassed 
expectations. The main goal was to increase the quality 
of service to pilots without an increase in operational 
costs. The option that was put to test : give the users 
the opportunity to brief themselves before contacting 
the Flight Service Station  (FSS).  As a result, 
consultation  time has diminished and become more 
efficient. In this instance, the use of the Internet has 
succeeded in uniting major premises,  bringing together 
data accuracy, efficient access and packaging information 
according to the users needs. Now both the pilot and the 
FSS briefer possess the crucial material required to 
conduct effective and safer exchange of information. The 
pilots•imputability has thus been raised considerably. 
The poster will display all aspects of this success story 
about providing better services to an increasing number 
of users without raising operational costs. 

INFLUENCE OF WIND PREDICTION ON THE CAPACITY OF A 
TIME-BASED ATM SYSTEM 

W D Pekela 
National Aerospace Laboratory (NLR). Amsterdam pekela@nlr.nl/Fax: 020-5113210 

With (he fast growing air-traffic and stringent environmental regulations, the Air 
Traffic Management (ATM) system faces new demands According to 
EUROCONTROL studies, a time-based ATM system could satisfy these demands. 
Within a time-based environment, the accuracy of the current arrival times prediction 
has to be improved in order to improve the capacity whilst maintaining the same level 
of safety (separation). This paper presents the results of a small scale experiment 
which investigated the influence of the current wind prediction on the accuracy of 
ground based arrival time prediction. Forty-two inbound flights to Schiphol Airport 
(The .Netherlands) were executed under the condition of a constant speed and a 
continuous descent from an instructed top of descent (TOD). Arrival times were 
predicted with an algorithm using, amongst others, the speed and TOD instructions 
and the wind information. Arrival times calculated with the actual winds (as observed 
onboard the participating aircraft) instead of the predicted winds showed an 
improvement in accuracy of approximately one-third. This indicates that under *e 
condition of a constant speed and a continuous descent from an instructed TOD. the 
accuracy of the wind prediction has a large influence on the accuracy of the arrival 
times. From this experiment, it can be deduced that improved wind prediction is 
required ».improve the capacity of a time-base ATM system. Further research should 
therefore focus on improving the wind prediction e.g. by using a data-link between the 
aircraft and the ground. With the data-link, meteorological information observed 
onboard the aircraft could be transferred to the ground, using the aircraft as a weather 
station. 

USER SENSITIVITY TO CEILING AND VISIBILITY AND ITS INFLUENCE ON- 
TERMINAL FORECAST VERIFICATION 

R. Patton. N. Halsey. R.W. Lunnon 
The Met. Office. London Rd., Bracknell, Berks., RG12 2SZ. UK 
rpatton<§meto.gov.uk,Fax: -44 1344 854412 

The paper describes two distinct activities: 
a) For transport aviation users sensitivity is measured by the cost to the user of a wrong 
forecast. The costs incurred to airlines in the use of optimistic and pessimistic forecasts of 
ceiling and visibility at the destination and diversion airports usually occur at the planning 
stage with respect to fuel loading procedures. The actual cost that results is affected by the 
decisions made by the captain of the aircraft at the various stages of the flight. For general 
as iation. although the sensitivity to particular meteorological parameters is quantified, it is 
not possible to derive an economic cost/benefit. The sensitivity is derived through 
questionnaires to GA pilots, flying clubs and flight briefing units. 
b) Verification of Terminal Aerodrome Forecasts (TAFs) is not straightforward owing to 
the complex format in which the forecasts are given. A brief discussion is given showing 
that assumptions have to be made as to forecast interpretation before any verification 
scheme can be derived. An appropriate scheme is then selected that caters for user 
"sensitivity. 
Results of these two activities are combined to give a measure of the cost ot inaccurate 
forecasts at a particular site. This cost is then compared with the costs incurred using a 
perfect forecast. 

THEORICAL STUDY OF THE DRIZZLE FORMATION BY CO- 
ALESCENCE 

F. Pigeonneau (1,2), D. GufTond (1) and F. Feuillebois (2) 
(1)  ONEIU 8   rue des Vertugadins 92190 Meudon, France,  (2)  PMMH 
(Phvsique Thermique), ESPCI10. rue Vauquelin 75231 Paris Cedex 05, France. 
franck«pnmh.espci.fr/Fax: [33] 1 40 79 47 95 

Supercooled drizzle is a meteorological hazard that can have fatal consequence 
for small airplanes because ice accretion can occur aft the protection area. The;, 
growing process for drizzle that cannot be explained by water phase changed 
can be due to droplet coalescence. Especially, in the case of non convective 
clouds the drizzle growth was observed to be related to a wind shear at the 
top of the cloud. We describe the evolution of the drop spectrum in term of a 
stochastic equation. The collision rate is determined for the shear turbulence 
flow The hvdrodvnamic interactions and the van der ttaals forces are taken 
into ao-ount. The stochastic equation is solved by the Kovetz-Olund method by 
using a quadratic finite element interpolation. The time necessary to form large 
droplets is calculated as the time of increase of the median volumic diameter. 
This time is compared with experimental observations. 
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NEW METEOROLOGICAL DATA FUSION CONCEPTS 
FOR STORM NOWCASTINC APPLIED TO ATC 

Philippe RICHARD 
DIMENSIONS -13106 Rousset Cede* - France - Fax: +33.4.42.29.09.39 

The objective of the development of new concepts for storm nowcasting b to 
provide in real-time to a meteorological data end-user such as the air-traffic 
controler a synthetic information about the storm evolutions which shall be 
sufficiently detailed and accurate to enable immediate identification and anticipation 
of hazardous phenomena caused by thunderstorms. 
The synthetic information is based on the fusion of weather radar data and SAFIR 
total lightning activity data ; it benefits from the complementarity of these two 
informations for the identification of storm phases such as highly convective growth 
phase which perturbs the en-route traffic or intense precipitation downburst phase 
which can be hazardous in the terminal area. 
Data fusion is performed on a pixel by pixel (I km1) basis, using a two dimensional 
fusion matrix combining radar reflectivity and total lightning density, by setting 
classes directly related to the phase and intensity of the storm activity. It provides a 
synthetic map of hazardous storm areas, and gives to the end-users an information 
which is no longer a complex set of weather information, but represents the different 
cases of potential perturbation of the air traffic, and thus can be used for decision 
aid. 

This approach shall be illustrated with air-traffic situations during the presentation. 
The basic concepts were developed by Dimensions within the European project 
4Midable (4D Meteorological Information Data Bases linked across Europe) funded 
by DGVII (Transports) of the European Union. 

Developing Grid Interaction and Product Generation Tools for 
NWS Aviation Forecasters 

Lynn A, Sherret?;. Dennis Rodgers, Anne Wilson, NOAA/FSL 
National Oceanic and Atmospheric Administration/Forecast 
Systems Laboratory 
Sherretz@fsl.noaa.gov 

This presentation will describe the effort by NOAA Forecast 
Systems Laboratory (FSL) to develop software tools that will 
enable National Weather Service (NWS) aviation forecasters to 
efficiently add value to (edit) high-resolution gridded Aviation 
Impart Variables (AIV) generated automatically by forecast 
models and post-processing algorithms. Examples of ArVs are 
icing, turbulence and clouds. The software tools will also enable 
graphical and text products to be efficiently generated from 
those value-added AIVs. The value-added AIVs, which will be 
made available to the aviation community via the NWS Aviation 
Digital Data Service (ADDS) and NOAAport, will also be 
appropriate for supporting FAA automation systems and free 
flight. 

We are developing the software tools to run within the FX- 
Advanced meteorological workstation which is the basis of the 
National Weather Service (NWS) Advanced Weather Interactive 
Processing System (AWIPS). Initial versions of the tools are 
being evaluated at the NWS Aviation Weather Center in Kansas 
City, Missouri, USA. 

GIANT SUPERCOOLED DROPS IN Cb 

J. L. Sanchez, A. Vega, J. L. Marcos. R. Fraile 
Lab. Fisica de la Atmosfera. Universidad de Leon. Spain, dfqjsg@unileon.es 

During the summer of 1997 a Campaign was carried out in the Ebro Valley 
(Spain) to measure certain characteristics of storm cells. Three kinds of 
platform were used for observation: the Meteosat and NOAA satellite, a C- 
212 equipped with various kinds of sonde for measuring cloud microph'ysics 
and, finally, a meteorological radar (Band C) with (he TITAN and RDAS 
systems for data acquisition and processing. The study zone was a circular 
area of about 160 km In radius, centering on the city of Zaragoza. The 
proximity of the Mediterranean means that in conditions of thermodynamic 
instability, moisture spreads very quickly through the Valley. 

A flight made on the 16 July 1997 was selected, because drops of (his kind 
appeared in the interior of a storm cell, carried upwards by a strong 
ascending current (a maximum updraft >20 m/s was recorded). It was 
possible to see signs of ice-forming on the aircraft. The C-212 penetrated 
the cell from the right-hand southern. The temperature at the cloud base 
was +9"C and the flight altitude was at -2«C. The presence of a gigantic drop 
can be appreciated, which, if perfectly spherical, would have a diameter of 
4637.4 urn. On average, In the region where the Increase in the volume of 
liquid water is most noticeable, the drops have a diameter of 715.5 urn 
which indicates that the small drops are scarce. After crossing various 
sections of the cloud, it was possible to see signs of ice-forming on the skin 
of the aircraft. 

AN OVERVIEW OF PROJECT SOCRATES 

E. Spitzer (1), F. Rees (2), W. VonWinkle (2), R. Williams (3) 
(l)Volpe National Transportation Systems Center, (2) Flight Safety Technology, Inc., 
(3) Lockheed Martin Ocean, Radar and Sensor Systems 
spitzer@volpel.dot.gov, FAX:(617)494-3623 

Project SOCRATES is a research and development project aimed at addressing air 
safety and airport productivity through application of advanced technologies 
previously investigated for the U.S. Department of Defense. The basic premise is 
remote detection and localization of acoustic signatures from man-made and natural 
atmospheric turbulence. An acoustb-optic technology is used to sense low frequency 
sound that has propagated from the atmospheric hazard to an optical sensing beam. 
This presentation will describe the basic sensing concept as well as the current effort 
to demonstrate concept feasibility for detection of sound generated by aircraft wake 
vortices. Results from measurements taken at JFK airport will be presented. 
Subsequent efforts to develop an array of sensors and the processing to achieve 
interference reduction and sound source localization will also be described. The long 
term view is to integrate this novel sensing technology with appropriate air safety 
systems to enhance overall capability and effectiveness. 

PROCEDURE FOR SCIENTIFIC FLIGHTS IN Cb 

J. L. 8anehez, A, Vega, J. Ajo. O. 8errarto 
Lab. Fisica da la AtmOsfera. Universidad do Leon. Spaln.dfqJsg@unlleon.es 
DepaitNmttitlo da Experlmentaclon on vuelo. INTA. 8paln 

Within the EURICE Program, in the Ebro valley an 
experimental procedure has been developed for the 
characterization of severe convective phenomena. Among the 
actions which have been carried out In the summer of 1997 we 
can point out the elaboration of a manual for flights Inside the 
storm cells, to enable the penetration into those zones which 
are scientifically interesting for storms, minimizing the flights 
risks. The information provided by those flights has allowed us 
to progress in the knowledge of the characteristics of storms in 
a certain area of Spain, the Ebro valley, which is overflown by 
one of the most widely used air corridors in Europe. 

DIAGNOSIS OF ICING AND NOWCASTING FOR AVIATION 

A, TafTerner (1), T. Hauf (1), T. Hafner (2) 
(1) Institut für Physik der Atmosphäre, DLR, Oberpfaffenhofen 
(2) Deutscher Wetterdienst, Offenbach 
arnoId.tafferner@dlr.de 

DIANA, a system for Diagnosing Icing conditions for Aircraft and 
Nowcasting for Aviation is under development at DLR in collaboration 
with the German Weather Service (DWD). Multiple data sources like 
conventional data, mesoscale model output, satellite and radar data 
together with pilot reports will be used to detect and nowcast regions 
where so-called "supercooled large drops" (SLDs) are likely to occur. 
SLDs are cloud droplets in the size range of 50 to 500 um which can lead 
to rapid accumulation of ice on wings and tailplane if encountered by 
aircraft. As SLDs cannot be explicitly forecast, various icing 
algorithms implemented into the PennState/NCAR model MM5 
provide a first guess of these regions. In a step by step procedure these 
generally overforecasted regions with icing conditions will be 
truncated by use of the AVHRR Processing scheme Over cLouds Land 
and Ocean (APOLLO) developed by DLR. Radar measurements can be 
used to identify convective areas and freezing rain. Pilot reports will 
be used both for verification and improvement of the icing routines 
Finally, after a testing periode, DIANA will be implemented into the 
routine aviation hazard warning service of the DWD. 
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AN AUTOMATED SCHEME FOR PREDICTING MOUNTAIN 
WAVE INDUCED TURBULENCE FOR CIVIL AVIATION 

Julie Turner 
Aviation Applications Research, UK Meteorological Office 
jaturner@meto.gov.uk/Fax: +44 (1344) 854412 

Clear air turbulence (CAT) is a major meteorological hazard to. aircraft, and is 
currently difficult to forecast with reliable accuracy. Apart from frontal effects and 
jet streams, the principle cause of CAT is mountain-induced gravity waves. These 
form as a result of stably stratified flow over mountainous terrain, and propagate 
upwards through the atmosphere. The turbulence resulting from breaking gravity 
waves constitutes a significant hazard to civil air traffic at cruising heights, 
particularly over midlatitude ranges in wintertime. 

This report investigates the potential of gravity wave drag parameters from the UM 
to be used as an objective indication of mountain wave turbulence (MWT). Three 
case studies over the Alps are presented, where model data is compared with actual 
turbulence reports from civil aircraft. The three cases represent contrasting 
meteorological conditions over the same area. 

The results show that the magnitude of the gravity wave stress vector is related to 
the frequency of positive turbulence reports, although more data is needed to 
quantify this further. These results will be used along with further studies to develop 
an automated operational system to predict areas and associated risk of MWT 
encounters at cruising altitudes across the globe. 

COMPUTATION OF WIND EFFECTS IN THE WAKE OF 
BUILDINGS CLOSE TO A RUNWAY 

T. Utnes. KJ. Eidsvik 
Department of Structural Engineering, NTNU, Trondheim 
torbjorn.utnes'Sbygg.nthu.nö/Fax: +47 73 59 4535 

Large buildings close to a runway may cause wake disturbances that 
can influence landing and take-of conditions significantly. This is 
estimated by numerical flow simulations. A 3D finite element formu- 
lation is applied in the numerical model. The model is based on the 
Reynolds equations with a modified two-layer (A*, e) closure. Special 
wall elements are applied to implement the wall boundary conditions 
accurately. Realizations of the flow field along the runway are ob- 
tained by Monte Carlo simulations. Test results are provided by ap- 
plication to flow around a cube, with comparison to experimental and 

other numerical data. 

ETWIRL: A NEW PAN-EUROPEAN WAKE VORTEX REPORTING 
SYSTEM AND DATABASE 

Julie Turner 
Aviation Applications Research, UK Meteorological Office 
jatumer@meto.gov.uk/Fax: +44 (1344) 854412 

Increasing demands on European airport capacity has recently brought the issue of 
wake vortex hazards to the forefront of aviation research. However, current wake 
vortex separation rules take no account of the effects of meteorological conditions. 
With sufficient understanding of these effects, the potential to decrease separations 
under favourable meteorological conditions could be realised without compromising 
safety standards. 

The European Commission has recently contracted aviation specialists RED 
Scientific Ltd. along with the UK Met. Office to implement a Europe-wide wake 
vortex incident reporting system, utilising both automatic and human data sources. 
The project, named ETWIRL (European Turbulent Wake Incident Reporting Log), 
will run for two years, and will develop a database of wake vortex encounters at 
European terminals along with comprehensive meteorological data. 

This paper describes the expected content of the database together with a discussion 
about potential methods of data dissemination to interested parties. Confidentiality 
issues and the future role of the database will also be discussed. 

An Interactive Aviation Weather Database (AWeD) 

R. Verret, M.-F Turcotte, V. Souvanlasy and M. Baltazar 
Canadian Meteorological Centre 

A database of gridded aviation-impact variables has been created to be "the core 
component of an aviation weather display system designed to be used as a briefing- 
aid tool. In its current state it includes: temperatures, winds, icing, turbulence, cloud 
fraction, relative humidity, vertical velocity, tropopause pressure and temperature, 
freezing level, total cloud cover, instantaneous precipitation rate at the surface and 
station pressure. The content of the database is generated from the operational 
Canadian Regional model outputs on a 35 km horizontal resolution grid, at 41 flight 
levels from the surface up to 40 000 feet, and at every 3 hours from zero- to 48-h 
projection time. The database is updated twice per day (00 and 12 UTC) in real time. 
The domain of the database covers all of Canada, adjacent waters and a significant 
portion of the United States. The current icing algorithm used is based on supercooled 
liquid water content forecast by the driving model. The turbulence algorithm is based 
on the deformation vertical shear index taking into account horizontal and vertical 
wind shear. Different other algorithms for icing and turbulence are also being tested. 
METARs and TAFs are available through the database and can be displayed in 
graphical format. The database is made accessible on network through a JAVA based 
graphical users interface. This application allows die users to enter flight parameters, 
such as departure and arrival airports, check points along the planned route, estimated 
elapse time of the flight and flight level. Series of meteorological products, all tailored 
to each particular flight, in plan view and vertical cross-section along the route, can 
then be generated and downloaded to the users. The system is thus fully interactive. 
A verification system is also under development as part of the database, in order to 
assess the reliability and performance of the different aviation impact variable 
algorithms. 

ON THE SOUND GENERATED BY AIRCRAFT TRAU-ING VORTICES: A 
DESCRIPTION OF THE PROJECT SOCRATES THEORY AND MODELLVG 
EFFORT 

J.IJhlman (1), J.Grant (1). N.Fine (2), F. Rees (3) 
(l)NavaI Undersea Warfare Center, (2)Engineering Technology Center, (3) Flight 
Safety Technologies, Inc., uhlman@c80.npt.nuwc.navy.mil 

Results are presented of the Project SOCRATES Theory and Modeling study 
concerning the acoustic signature of aircraft wake vortices. The paper, which is an 
account of a work in progress, will focus on the examination of the physical 
mechanisms responsible for low frequency vortex-generated sound using a 
combination of analytical, computational and experimental methods. A lagrangian 
vorticity collocation method is used to compute the dynamics of columnar trailing 
vortices and Powell's form of Lighthill's acoustic analogy is used to compute the 
resulting sound field. Analytical results for a few canonical problems, such as the 
sound radiated by small amplitude core vibrations of infinite columnar vortices and 
vortex rings, are used to validate the numerical calculation of the acoustic field. 
Results of computational simulations will be shown for several model problems. Of 
particular interest for the wake-vortex problem is the sound field radiated by columnar 
vortices with periodic wrapped vortex rings which are known to form when strong 
coherent vortex structures interact with the relatively weak small scale structures 
embedded in the ambient turbulence. That interaction is expected to be a dominant 
sound radiating mechanism for trailing wake vortices. Computational and measured 
sound field characteristics will be compared in an attempt to support or refute that 
supposition. 

INVESTIGATION or A tsu&acK. AHEA FORECAST IN CAHADA 

Brian men»; AWPAC; re .     .„      „ 
Arctic Weather «id Prairie Aviation Centre.. Brian.Wiana9ec.gc.ca 

The Atmospheric Environment Branch of Environment Canada, if aocamining a 
graphical area forecast (GFA) to communicate anroute aviation weather 
mora effectively and precisely.    The worded area forecast (FA) has been 
the primary aource of anroute weather for general aviation in Canada and 
the OS for over 50 year».   The restrictions of text are often an 
impediment to effectively communicating the evolution and «tructure of 
cloud» and weather.    A graphical replacement overcomes »any of theae 
limitation» and ha* become feasible with high »peed telecommunications 
and powerful,  affordable computer».    Potential users have responded 
favorably and several formats have been demonstrated.    The aviation 
community in Canada is currently being consulted to address outstanding 
issues of content, readability and geographical domain.    The simplest 
solution is a computer drawing pacltage to generate consistent readable 
produc-s     A far more exciting possibility is to store the forecast 
information in a geo-referenced database from which a limitless number 
of inforoation subsets can be extracted.    These could be varying 
geographical domains or collections of weather element»   at any point in 
time,  displayed in two or three dimensional views.   . It is also possible 
to automate production of corresponding worded FA.s./ A database system 
can also facilitate more complete integration of observational data and 
numerical guidance into forecast production. 
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OPERATIONAL MODELLING OF THE EASTERN CANADIAN 
SHELF SEAS 

Josko Bobanovic, Keith R. Thompson and Jinyu Sheng 
Dalhousie University,  Oceanography  Department,  Halifax, NS,  B3H  4J1. 
Canada. 
joskoCphys.ocean.dal.ca/Fax: [+1] 902-494-3877 

The continental shelf off the east coast of Canada is broad and irregular with a 
number of banks, channels and bays that strongly affect the shelf circulation. 
The subtidal circulation on the shelf is complex in comparison to some other 
shelf regions. In recent years, we have witnessed an increased need for opera- 
tional modelling in the region. Applications include ice predictions, search and 
rescue, environmental control and fisheries management. As a part of the on- 
going effort to develop an operational model for the Eastern Canadian Shelf. 
a number of different models have been developed. Currenflj», at* operational 
model for the Scotian Shelf runs in real time and is available through our world 
wide web page at http://www-erp.phys.ocean.dal.ca . The model is,based on a 3- 
D data assimilative model runs and uses forecast winds and statistical forecasts 
of the open boundary condition. A large scale model of the complete Canadian 
Atlantic Shelf suggests that we can use forecast winds and a larger domain 
to obtain open boundary conditions for the Scotian Shelf limited area model. 
The current operational model uses diagnosed density currents. We will discuss 
the implementation of a 3-D baroclinic model for the Gulf of Saint Lawrence - 
Scotian Shelf area. 

A HIGH RESOLUTION INTEGRATED FORECAST SYSTEM 
OVER THE MEDITERRANEAN BASIN 

Andrea Bargagli, Adriana Carillo, Annarita Mariotti, Sergio Nicastro, Gio- 
vanna Pisacane, Paolo Michele Ruti, Maria Vittoria Struglia and Franco 
Valentinotti 
EXEAütaly. 

A h)gh resolution operational system has been designed in order to forecast the 
state of the Mediterranean Sea and surges in the Northern Adriatic Sea. The 
system consists of a Limited Area Model (BOLAM), the wave model WA.M 
and the ocenografic model POM (2D version) operating in cascade. The latter 
only runs over the Adriatic Sea, where the shallowness condition is fulfilled, so 
as to compute the elevation of the free surface at the three entrances of the 
Lagoon of Venice. Finally, a finite element model of the Lagoon will be used to 
predict the water level. LAM nesting procedures have been adopted tö'go from 
30 km to 10 km resolution; the highest resolution fields force the WÄM and 
POM integration. In the operational configuration, the meteorological fields are 
computed over a region of about 8- 106*m2 enclosing the Mediterranean Basin 
with 40 sigma levels in the vertical. Due to consequent computational costs, the 
LAM was implemented on a SIMD massively parallel computer (QL'ADRICS), 
performing at 2.12 GFlops sustained, so that a 24 hour forecast would take 
less than 40 minutes at the highest resolution. The whole integrated system, 
comprehensive of nesting procedures, will operationally run in about 2 hours 
for a 24 hour 'forecast. We show preliminary operative performances of the 
LAM-WAM-POM cascade, in one test case. 

OPERATIONAL PROCESSING OF ALTIMETER DATA FOR CLIMATE 
STUDIES (DUACS PROJECT) 

C. Boone. P.Y. Le Traon 
CLS Space" Oceanography Division 
boone@cls.cnes.fr 

The goal of DUACS EC project (Developing Use of Altimetry for Climate Studies) 
is to provide the scientific community with Near Real Time (NRT) fully processed 
altimeter data for assimilation in coupled ocean/atmosphere models. Three 
altimeter data sets, TOPEX and POSEIDON (T/P) IGDRs, and ERS2 FDPs, are 
preprocessed and then combined to form a snapshot of the sea surface height at a 
given time. The results of this analysis are compared to the precise delayed time 
data (GDR) to assess their quality. The treatment of the altimetric data within a 
defined time window is as follows. First a crossover analysis on T/P tracks is 
performed followed by the same analysis using ERS-2 tracks combined with T/P in 
order to minimize the orbit error. Second a long wavelength analysis is conducted 
to remove the along track correlated error with a minimal alteration of the large 
scale oceanic signal. Finally a multi-satellite optimal interpolation is carried out in 
order to obtain maps of the sea surface height at the desired time. We show that 
the sea level anomaly can be provided with a very good accuracy with respect to 
delayed time data. NRT DUACS altimeter data can thus be used to monitor large 
scale climatic signals such as El Nino events. The system will be operational 
starting in February 1998. It will also serve as a prototype for the future NRT 
altimeter data processing for the MERCATOR project. 

DEVELOPPING OPERATIONAL SYSTEMS FOR OCEAN MON- 
ITORING : EXPERIENCE AND KEY POINTS OF THE SO- 
PRANE SYSTEM ON THE EASTERN NORTH ATLANTIC 

P. Bahurel (1), E. Dombrowsky (2), S. Giraud (3) and J.-M. Audoubert (4) 
(1) SHOM/CMO, (2) CLS, (3) PB Consultant, (4) STERIA - Projet SO- 
PRANE, Bresm/Celenv, 42 Av G. Coriolis, 31057 Toulouse, France. 
soapOsoprane.meteo.fr/Fax: [+33] 562 140 610 

Operational oceanography brings new requirements in the field of oceanog- 
raphy, and specific developments have to be done to build integrated sys- 
tems bearing routine and near real time procedures. Along the past 6 years. 
SHOM/CMO has been following a pragmatic approach in developping ocean 
forecasting systems : from demonstration mock-up to pre-operational system, 
successive versions were routinely operated and regularly enriched by end-users 
requirements. SOPRANE is the latest release and is the first operational one; 
it aims at nowcasting and forecasting mesoscale ocean dynamics in the Eastern 
North Atlantic : near real time Topex/Poseidon and ERS-2 data are routinely 
assimilated .' a QG model to provide weekly ocean bulletins! We put a spe- 
cial effort on three main points related to "operational" ability : (i) the near 
real time input data flow, (ii) the system outputs analysis and dissemination, 
and (iii) the overall system routine operation procedures. We will show the 
impact of these specific constraints on the oceanic system development and 
our solutions to answer them. As an intent to illustrate the cost of operational 
constraints applied to oceanography, main steps and key points of this long 
term experience - leading today to the Mercator project - will be also shown. 

THE TAMPA BAY PHYSICAL OCEANOGRAPHIC REAL-TIME SYSTEM 
(PORTS) 

David Burwell, Mark E. Luther, Nancy Schmidt, and Mark Vincent 
Ocean Modeling and Prediction Laboratory, Department of Marine Science, 
University of South Florida 

Real-time oceanographic and meteorological data from Tampa Bay, Florida, are 
collected by the Physical Oceanographic Real-Time System (PORTS), including 
current, water level, water and air temperature, wave height, period, and direction, 
barometric pressure, atmospheric visibility, and wind velocity. The data are collected 
every six minutes from sensor arrays at ten locations in Tampa Bay and are 
telemetered via line-of-sight radio to a central processor, which generates a real-time 
report available to the public by modem, Internet, or touch-tone telephone. Data from 
PORTS are used to drive an operational nowcast/forecast model based on the 
Blumberg-Mellor code. The nowcast/forecast model output is used to drive a 
contaminant trajectory model that can be used to mitigate damage from accidental 
spills of oil or other hazardous materials. All data are archived and are available via 
anonymous ftp to kelvin.marine.usf.edu or via World Wide Web from URL 
http://ompl.marine.usf.edu. A similar system is being developed for the entire west 
Florida coastal ocean. 
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ADAPTIVE MESH REFINEMENT AND ZOOM METHODS FOR 
OCEAN PREDICTION 

E. Blayo and L. Debreu, LMC, Grenoble, France. E-mail: Eric.Blayo@imag.fr 

The ability to provide accurate local prediction of the ocean circulation, partic- 
ularly in coastal areas, is an important goal of operational oceanography. This 
is generally achieved by embedding a high resolution local model in a coarse 
resolution regional model, which provides initial and boundary conditions. 
In this paper we present a new approach to this problem, by making use of an 
adaptive mesh refinement method (AMR). The basic idea of AMR is to attain 
a given accuracy for a minimum amount of work. Therefore, estimates of the 
truncation error are computed, and refined grids are created (or existing ones 
are removed) where and when necessary. The amount of computation devoted 
to the fixed local fine grid in traditional nested grid methods is thus used now 
to ensure an accurate solution in the most sensitive regions of the flow (mostly 
fronts and eddies). 
Numerical simulations in academic cases demonstrate that AMR leads to better 
local predictions than classical techniques, wherever the zoom region is located 
in the nested-grid approach. Moreover, it seems that AMR could be used for 
some long-term integrations of general circulation models, since the main sta- 
tistical features of the solution obtained with an uniformly high resolution are 
conserved within a 10 to 20% range, while CPU cost is typically divided by 3. 
First results from the implementation of this method in a 1/3° PE model of 
the North Atlantic will also be presented. 

DETERMINATION OF THE BEST DATA SET FOR 
THE SURFACE TURBULENT FLUXES COMPUTING : 
APPLICATION TO THE MERCATOR PROJECT 
G. Caniaux, H. Giordani and S. Planton 
Meteo-France, CNRM, 42 ave. Gaspard Coriolis, 31057 Toulouse Cedex, France. 

In the frame of the MERCATOR project, a study has been engaged to de- 
termine the best choice of parameterization and origin of data used to force 
an oceanic model. To answer this question, an in situ data set will afford the 
opportunity to give some interesting perspectives. Ocean and coupled ocean- 

. atmosphere models are particularly sensitive to the turbulent surface forcing. 
Indeed, a bias of only 10W'/m2 of this forcing induces a strong drift of the 
climatic simulations performed with oceanic and atmospheric GCMs. In order 
to minimize this bias and therefore the climatic drift, numerous oceanic mod- 
els applies corrections on the surface heat fluxes. To precise more accurately 
these corrections, we want to determine which atmospheric parameters must 
be used for computing the best surface fluxes. The mesoscale SEMAPHORE 
experiment data set is used because of the two months time series of different 
data sets, surface fluxes and new bulk parameterizations adapted to these data 
sets. Bulk fluxes algorithms used in atmospheric models will be tested with 
several atmospheric inputs coming from the ARPEGE model operational at 
Meteo-France and from the model of the ECMWF. The sensitivity of the al- 
gorithms is tested when these algorithms will be carried out on and off line an 
atmospheric model, in order to evaluate the possibility of assimilating surface 
turbulent fluxes in an atmospheric or oceanic or coupled model. 

PERFORMANCE OF THE HIROMB 

A. Eigenheer and L. Funkquist 
Swedish Meteorological and Hydrological Institute, Norrköping, Sweden. 

The High Resolution Operational Model of the Baltic (HIROMB) has been 
run continuously since October 1995. It consists of a leveled primitive equa- 
tion model, including level-2 boundary layer dynamics and a viscous-plastic ice 
model. Its main objective is to give daily forecasts of the water- and ice con- 
ditions of the Baltic Sea. In the validation we have compared the simulation 
with observations from regional studies as the DIAMIX or the Gulf of Riga 
Project as well as with the records of the cooperative monitoring network. In 
the talk emphasis is given to the ability of the model to extrapolate beyond 
the observations. 

STATUS OF UK OPERATIONAL STORM SURGE FORECAST- 
ING FOR THE NW EUROPEAN SHELF 

Roger A. Flather (1), Roger Proctor (1), Ian D. James (1), J Eric. Jones (1), 
Jane A. Smith (1), Alan M. Davies (1), Chung Min(j Kwong (1), Martin W. 
Holt (2) nnri John Davies (2) 
(1) Proudman Oeranographir'Laboratory, Bidston Observatory, Hirkonhead, 
Merseysidc L43 7RA, UK, (2) Meteorological Office, London Road, Braeknell, 
Berkshire RG12 2SZ, UK, 
rp«pol.ac.uk/Fax: |4i) 151 653 6269 

Model-bÄscd tide-surge forecasting has been carried out operationally in the UK 
since 1978. The original system was based on a 33 km resolution 2-D tide-surge 
model using wind forecasts from a 110 km atmospheric model. Many enhance- 
ments to the forecasting system have, been introduced over the years, mostly 
coinciding wllh improved computing facilities at the UKMO. Recent develop- 
ments include: 1) introduction of high resolution models for sensitive coastal 
areas, for example, the Thames Barrier, the Bristol Channel; 2) prc-opcrafional 
rumiing of coupled wavc-tide-surge models, where the tide-surge model incor- 
porates wave-dependent suiTace and bed stresses utilising wave forecasts from 
the UKMO wave model; 3) pre-operatlnnal running of a 3-D model provid- 
ing tidal and wind-induced currents; 4) development of a 3-D model involving 
prognostic temperature and salinity forecasts. Aspects of recent developments 
will be described, and some assessment of the imptovemeuts they bring to the 
forecasting system will be given. 

MERCATOR, A FRENCH PROGRAMME FOR OPERATIONAL 
OCEANOGRAPHY 

Ph. COURTIER (1) and J.-C. ANDRE (2) 

(1) CNES, Paris, (2) CERFACS, Toulouse 
andre@cerfacs.fr/Fax: +33 561 19 30 30 

The goal of the MERCATOR project is the implementation, within five to 
seven years, of a system which simulates the global ocean with a high 
resolution model, which assimilates satellite and in situ data, and which is 
operated in pre-operational mode. The system will later become fully 
operational, and is contributing to the development of a seasonal 
forecasting model. In addition the system will be useful for military and 
commercial applications. 
The MERCATOR system consists of three main components : 
- a primitive-equation ocean general-circulation model (the OPA model), 
- a data assimilation algorithm, with a generalised coupler, PALM, solving 
its algebraic pan; 
- a data stream: observations, forcing fields, initialisation fields, validation 
data ..., from both space-based and in-situ sensors. 
MERCATOR is endorsed by the seven French institutes interested in 
operational oceanography. It is developed in collaboration with ECMWF, 
and UKMO. MERCATOR is the French contribution to GODAE, planned 
for the years 2003-2005. 
One shall emphasize the new developments which occured recently in 
MERCATOR: high-resolution (l/12th of a degree) modelling of the 
Atlantic ocean, construction of the generalized coupler PALM, ... 

HIROMB - AN OPERATIONAL 3D MODEL FOR THE NORTH 
SEA - BALTIC SEA 

L. Funkquist 
Swedish Meteorological and Hydrological Institute, S-601 76 Norrkoping, Swe- 
den. 
lfunkquistesmhi.se/Fax: [46] 11 170207 

HIROMB (High-Resolution Operational model for the Baltic Sea) has been 
running operationally at SMHI (Swedish Meteorological and Hydrological In- 
stitute) since autumn 1995. The model has a nested configuration covering the 
North Sea with a 12 nm grid and the Baltic Sea with a 3 nm grid. The vertical 
discretization is made up of 24 levels with a.layer thickness ranging from 4 m 
to 100 m. The forcing at the sea surface is provided by the daily atmospheric 
model and at the open boundaries by river runoff, tides and North Atlantic 
surge. In winter 1998, the model will be moved to a distributed memory com- 
puter (T3E) and the resolution will be increased to 1 nm in the horizontal and 
50 levels in the vertical. 
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HOW AN OPERATIONAL OCEAN FORECAST SYSTEM HELPS 
DURING AN OCEAN SCIENTIFIC CRUISE. APPLICATION TO 
SOPRANE/CAMBIOS98 EXPERIMENT 

S. Giraud (1), P. Bahurel (2), F. Gaillard (3) and E. Dombrowsky (4) 
(1) PB Consultant, 18 Av de l'Europe, 31520 Ramonville, (2) SHOM/CMO, 
42 Av G Coriolis 31057 Toulouse Cedex, (3) IFREMER/LPO. BP70 29280 
Plouzane, (4) CLS, 8-10, rue Hermes, Pate Technologique du Canal. 31526 
Ramonville. 
soapCsoprane.metao.fr/Fax: [+33] 562 140 610 

The SOPRANE system is an operational ocean forecasting system in the North- 
east Atlantic developped by the french Navy. It is based on a quasigeostrophic 
model of the Northeast Atlantic (Blayo et al. 1994), 1/10° horizontal resolution. 
10 levels assimilating real-time altimeter data from TOPEX POSEIDON and 
ERS2 with an optimal interpolation scheme using an empirical mode vertical 
extension scheme (De Mey, 1994). This system is aimed at providing real-time 
ocean mesoscale forecast to 1- navy users and 2- associated scientific ocean 
cruises. This system was used in pre-operational mode during ARCANE (Le 
Cann 1997) cruise in april 1997 and the CAMBIOS97 (Gaillard 1997), the fore- 
cast being sent to the ships in real-time. The SOPRANE system is operational 
since april 1998. The CAMBIOS98 cruise is ongoing (april may 1998) and the 
operational forecast are sent to the research vessel while the in-situ profiles 
collected at sea are used to update the forecast in near real-time. We show the 
results of this ongoing experiment. The oceanic circulation is described, and 
comparison between the forecast and the real-time XBTs and CTDs are shown. 

COASTAL OCEAN PREDICTION AT THE NAVAL RESEARCH 
LABORATORY 

J. Harding(l), R. Preller(I) and R. Rhodes(l) NRL, Stennis Space Center, MS 39529 
USA email:harding@nrlssc.navy.mil 

The Ocean Dynamics and Prediction Branch of the Naval Research Laboratory (NRL) 
conducts a coordinated program of Research and Development (R&D) in support of 
Navy operational ocean nowcast and prediction. This R&D ef/ort covers domains 
from global and basin scales down to local beach scales. It includes sophisticated 
primitive equation ocean circulation models on global, basin and regional domains run 
on high performance computing platforms at the Fleet Numerical Meteorology and 
Oceanography Center (FNMOC) and at the Naval Oceanographic Office (NAVO). It 
also includes less sophisticated, but operationally significant, models designed to run 
on work stations and personal computers at the Navy's regional Meteorology and 
Oceanography Centers and on- scene. These latter capabilities can run stand-alone but 
also are designed to accept initial and boundary conditions available from the central 
site products. 

NIVMAR! A STORM SURGE FORECAST SYSTEM FOR THE 
IBERIAN PENINSULA. IMPLEMENTATION AND HINDCAST 
BENCHMARK. 

Begoä Perez Gomez, Ignacio Rodriguez Sanchez-Arevalo and Enrique Al- 
varez Fanjul 
Clima Maritimo, Puertos del Estado. Antonio Lopez 81, 28026 Madrid.. 
tnriqu«epu«rtoi. «s 
A new storm surge forecast system, named Nivmar, has been developed for 
the Iberian peninsula. The system, which is run twice a day, is based on the 
employ of a 2-D barotropic version of the HAMSOM ocean circulation model. 
Model forcings are winds at 10 m and mean sea level pressures obtained from 
the Limited area model HIRLAM, which is operationally employed at INM 
(Instituto Nacional de Meteorologia). The resolution of the ocean model is 10' 
in latitude and 15' in longitude. Forecast horizon is 48 hours. 
The system is also based on the employ of the measurements from the RED- 
MAR tide gauge network, which is managed at Puertos del Estado. Results 
from harmonic analysis are employed to provide a prediction which includes 
information from all the tidal constituents. In order to improve the quality of 
the forecasted residuals, measurements from REDMAR are used with a simple 
data assimilation scheme during the post-processing of the ocean model results. 
The performance of the system has been tested during a 5 month stormy period 
(from November 1995 to March 1996) in the Spanish Coast. A large amount 
of data from this period was collected during the PROMISE (PRe Operational 
Modelling in the Seas of Europe) project covering both ocean and atmospheric 
information, being therefore an appropiated data set for validation and calibra- 
tion of Nivmar. Results from the benchmark, which was done with analyzed 
winds in order to minimize the errors of the atmospheric model, show good 
results, specially on the Spanish Atlantic waters. 

WAVE PREDICTION IN SHALLOW WATER. 

J.C. Hargreaves 
Proudman   Oceanographic   Laboratory,   Bidston   Observatory,   Birkenhead. 
Merseyside. L43 7RA. 
julesCpol.ac.uk 

The Eurpoean MAST project, PROMISE, aims to develop models on which 
future operational modelling will be based. The project focusses on the physical 
processes which are important in coastal areas and thus a significant part of the 
project involves the study of surface waves. A shallow water version of WAM, 
a third generation wave model, has been developed and is being implemented 
on various scales in the North Sea. The shallow water version of the model 
has significantly improved efficiency in coastal areas, making operational use 
more feasible. The results from North Sea and regional models with grid scales 
down to 2.4km resolution are compared with wave data obtained from buoys, 
radar and satellites during the winters of 94/95 and 95/96. Using these results 
it is possible to assess the accuracy and suitablility of models like WAM for 
operational use in shallow water areas. 

APPLICATIONS OF HF-RADAR IN OPERATIONAL OCEANO- 
GRAPHY 

Klaus-Werner Gurgel' and Lucy R Wyatt* 
'Universität Hamburg, Institut für Meereskunde, Troplowitsstraße 7, 22529 
Hamburg, Germany, Email: gurgelfflifm.uni-hamburg.de 
'School Of Mathematics and Statistics, Applied Mathematics Section, Univer- 
sity of Sheffield, Sheffield, UK, Email: L-WyattOsheffield.ac.uk 

A High-Frequency (HF)-radar can be used to measure s\ ce current fields 
and the spatial distribution of ocean wave directional spei. ra. The physical 
mechanism behind is backscattering from a moving rough surface. These radars 
are deployed along the coast and cover an area of up to 50 km * 50 km, which 
can be observed continuously at 10 minute intervals. 

Within the EU MAST-2 project SCAWVEX (Surface Current And Wave 
Variability Experiment), work on HF-radar related techniques, algorithms 
and models, has been performed. The University of Hamburg developed a new 
HF radar WERA (WEllen RAdar). The wave algorithm has been developed 
by the University of Sheffield, the current algorithm has been adopted by the 
University of Hamburg from their previous CODAR (COastal raDAR) system. 
The spatial resolution of WERA can be selected between 1.2 km and 300 m. 

HF radar will be an important tool for coastal management and harbour autho- 
rities. Integrated systems using radar measurements and 3-d models are to be 
developed for this purpose and can play an important role within EuroGOOS. 
Wave and current data from the SCAWVEX experiments will be presented to 
demonstrate the value of radar systems of this kind. 

THE QUALITY OF OPERATIONAL WATER LEVEL FORE- 
CASTS IN DEPENDENCE UPON THE FORMULATION OF THE 
SURFACE DRAG 

F. Janssen 
Institut für Meereskunde, Troplowitzstr. 7, 22529 Hamburg, Germany, 
j anssenCifm.uni-hamburg.de 

The prediction skill of a numerical water level model for the North sea depends 
highly on the formulation of the meteorological forcing. Most of the water 
level variation (besides the tides) is caused by the wind stress followed by 
air pressure. Therefore an adequate formulation of the surface drag is needed. 
"Adequate" for operational use does not only mean physical and numerical 
accurate but also efficient in computation. 
Ten different formulations of the drag coefficient were tested for their usefulness 
in predicting the water level in the North Sea especially the German Bight. A 
modelrun over a period of one year (the year 1994) was evaluated statistically 
for the water level residuum at high and low water. 
The results show only small differences due to the drag formulation but indicate 
a slight improvement if the influence of ocean waves in terms of wave age is 
introduced. 
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SUBMARINE MONITORING OF GROUNDWATER DISCHARGE 
TO THE COASTAL ZONE 

EJKonJar (1) and W. Burnett (2) 
(1) P.P.Shirshov Institute of Oceanology, Moscow, Russia, (2) Department of 
Oceanography, Florida State University, Tallahassee, USA 
kontar@cityline.ni/Fax:+7-095-124-5983) 

Submarine springs and seeps are an overlooked source of fresh water and dissolved 
species to the ocean. Groundwater discharge into the ocean could occur anywhere that 
an aquifer with a positive head is hydraulically linked to the sea, i.e., most coastal 
areas. Volumetric estimates of their global extent range over Several orders of 
magnitude. Submarine groundwater discharge has been documented to be significant 
for nutrient input in some regions, and could be of importance for issues relating to 
pathways of pollutants to the ocean as well as various naval operations (acoustic 
interference, etc.). Prior studies indicate that groundwater seepage is usually patchy, 
diffuse, and temporally variable. Methods are needed to find and measure direct 
groundwater flow into the coastal zone. We have shown that radon (Rn-222) can be a 
valuable tracer of direct groundwater discharge. Finding points of discharge is an 
important first step, especially when contaminated groundwater may be involved. 
Therefore, we have developed a detection system which could be deployed and provide 
monitoring either in real time, for a rapid site assessment, or moored for a more 
extended period to provide a continuous record. We have designed several models of 
an underwater radon detection system, suitable for deployment in a coastal zone. 
Various deployment scenarios are presented in the paper. Data may be transmitted 
over the hydroacoustic channel and written on the permanent data carrier. A modeling 
approach is used to quantitatively estimate the volumes of groundwater being 
discharged. 

THE MAAMMED PROJECT! METEO-MARINE PREDICTION 
IN THE MEDITERRANEAN SEA 

Plnro Lionello (1), Elena Elvini (2), Plero Malguzzi (3), Albero Tomasin (4) 
and Ennio Tosi (5) 
(1) Dcp. of Physic», Univ. of Padua, Italy, (2) Dep. of Physics, Univ. of Padua, 
Italy, (3) FISBAT-CNR, Bologna, Italy, (4) Univ. of Venice and ISDGM-CNR, 
Italy, (5) Dcp. of Physics, Univ. of Bologna, Italy. 

The MAAMMcd (Modclli Accoppiat.i Atmosfera Mare nel Mediterraneo, Cou- 
pled Atmosphere and Marine Model« in the Mediterranean Sea) is a project 
supported by the Italian National Research Council (CNR) for the develop- 
ment of a pre-operallve meteo-marlne short-medium range prediction system 
in the Mediterranean Sea. The predicted quantities includes both atmospheric 
variables (sea level pressure, winds, precipitation, air temperature, etc. ) and 
ocennographic variables (sea level, sea temperature, current», surface wove spec- 
tra, etc.) computed accounting for the feedbacks of the sea on the atmosphere 
that are due to the variable temperature and wind wave dependent roughness of 
the sea surface This presentation analy7.es a 20-days long period (11-30 Nov. 
1996) characterized by a series of intense storms In the Adriatic Sea, high 
waves conditions and surge iu its Northern part with the flooding» of Venice. 
The results of the model arc compared with observations and the implications 
of the study for meteo-marlne prediction arc discussed. 

AN OPERATIONAL MODEL SYSTEM FOR A TIDAL ESTUARY: 
ROUTINE INVESTIGATIONS AND SCIENTIFIC PROSPECTS 
IN THE EXISTING RIVER ELBE DEVELOPMENT 

I. Nöhren, K. Duwe, H. Baumert and P. Mahnke 
Hydromod Scientific Consulting, Bahnhofstr. 52-54, D-22880 Wedel, Germany. 

For several years a predictive hydrodynamic model system for the Elbe estu- 
ary has been in operation building on the experience as a EUROMAR project. 
Currently the system is being adjusted to the specific needs of environmen- 
tal monitoring and forecast. A further task- is concerned mainly with analy- 
sis of operational forecast data for vessel traffic information. Some specialized 
work regarding coastal zone management has begun in coBnection with the 
MAST-HI project OPCOM, i.e. work on the enhanced predictability of model 
boundary conditions taken from a North Sea model. First investigations with 
statistical methods exhibited strong correlations of waterlevels from both mod- 
els with themselves (auto-correlations) and also significant correlations with 
the forcing data (wind speed, atmospheric pressure). Naturally, the auto- and 
cross-spectra of the processes did show strong peaks on the frequency of the M2 

tide, on the spring-neap cycle and its harmonics. However, reducing a measure 
of the first-order prediction error by subtracting the deterministic trend and 
the periodic components led to a variance reduction of up to 90 %. Based on 
these results the error of waterlevel predictions at the open boundary could be 
reduced significantly. Further work concerning other hydrodynamic variables 
and other statistical approaches are currently being done within the OPCOM 
project. 

WAVE FIELD EVOLUTION IN COASTAL REGIONS 

F. J. Ocampo-Torres 
Departamento de Oceanografia Fisica, CICESE, Ensenada, Baja California, 
Mexico. 
ocampoOcicese.mx 

Wave measurements were made with a pressure sensor and an electromagnetic 
currentmeter in shallow waters where average depth was about 14 m. Radar 
images were also acquired from the study region, the shelf area between Islas 
Coronado and northwestern Baja California coast. The main goal of our project 
is to study the wave field evolution while propagating towards the coast on 
intermediate to shallow waters. In particular, look at the wave spectra spatial 
variability and determining its impact on coastal engineering applications and 
maritime operations in the area. How important is the spatial variability and 
how well it is reproduced by state-of-the-art predictive models, are the key 
questions to be answered by our research project. Numerical simulation of wave 
spectra is carried out using the SWAN model. Intercomparisons of wave spectra 
from a) insitu measurements, b) radar images, and c) numerical simulations 
show the complexity of the phenomenon in this shallow water environment. 
The possible impact of long term monitoring by imaging radars and insitu 
instrumentation is addressed. It is of particular importance the possibility of 
monitoring the wave field and providing real or near-real time information over 
the spatial domain, since oil tankers unload in this region through bouys and 
underwater pipes. 

INTERANNUAL SEA LEVEL VARIATIONS AND THE Sa TIDE 
IN THE NORTHWESTERN SEISMIC ZONE 

S.Nakamura 
Familie Villa-A10«,Tanabe,Wakayama,3apan 
Fax:+81-739-25-5691 

lnterannual sea level variations and the Sa tide 
are studied in order to find what contaminations 
can be expected in the seismic active zone in the 
northwestern Pacific. For the        authors 
convenience, a specific reference is taken in a 
southern part of the Japanese Islands. The annual 
mean sea levels at the several tide stations 
studied for what were seen at the the 1995 Hyogo 
South Earthquake. The trends of the interannual 
variations of the sea levels at the stations 
suggests an effect of the tectonic activity. As 
for the Sa tide and its side robe at each station, 
especially, at Shirahama and Susami, a spectral 
analysis shows that one of the contaminant factors 
for the Sa tide is the Kuroshio as the western 
boundary intensified current. This current affects 
strongly to the sea level on the coast in the 
northwestern Pacific. When the current variations 
can be dynamically predicted well, then, the 
annual mean sea level can be taken as a reference 
for    finding    the    tectonic   and    seismic   variations. 

OCEANOGRAPHIC NOWCAST/FORECAST MODEL SYSTEMS FOR BAYS 
AND HARBORS 

Bruce B. Parker 
Coast Survey Development Laboratory, Office of Coast Survey, National Ocean 
Service, NOAA, 1315 East-West Hwy.Room 780«. N/CSI,Silver Spring. MD 20910 
USA phone:  (301)713-2801 X 121.fax:  (301)713-4581 
E-mail:  Bruce.Parker@nota.gov 

Nowcast/forecast model systems for bays and harbors are being developed and tested 
by the National Ocean Service (NOS) in support of safe and efficient navigation. The 
greater accuracies in water level (for determining under keel clearance) and currents 
(for safe maneuvering) needed to help prevent groundings and collisions of today's 
huge tankers and cargo ships have already led NOS and other institutions around the 
world to implement real-time oceanographic systems. This is a first step beyond 
astronomical Tide and Tidal Current Tables, which cannot include the important 
effects of winds and river discharge. Such real-time data, however, is useful only at 
the time it is taken (or a couple of hours into the future if conditions change slowly). 
The mariner, however, needs accurate information on water levels and currents 24 
hours or more into the future. (If a maritime accident should lead to a hazardous spill, 
nowcast/forecast currents also improve oil spill clean-up operations by better 
predicting the movement of the spill.) A skillful nowcast/forecast model system for 
a bay requires (in addition to a calibrated, verified model of appropriate dimension and 
resolution, with accurate bathymetry) most or all of the following: (1) QCd real-time 
oceanographic and meteorological data and data fields; (2) open-boundary forecast 
water levels from a coastal/shelf forecast model; (3) forecast winds and other 
meteorological parameters from weather forecast models (one over the coastal/shelf 
model and a higher resolution version over the bay): (4) forecast discharges from a 
river model; (5) a data assimilation system for the nowcasts; (6) an ensemble 
averaging system for the forecasts; and (7) an information system for disseminating 
predictions and errorestimates to the users. The program at NOS presently involves 
regional high-resolution hydrodynamic numerical models of Chesapeake Bay. 
Galveston Bay, and the Port of New York and New Jersey, with forecast boundary 
conditions provided by either an East Coast ocean model, a Gulf of Mexico 
oceanographic model, or an individual shelf model, each driven by forecasts from the 
NWS's ETA weather model. Nowcasts and 24-hour forecasts of water level and 
currents are presently produced twice daily and presented in graphical form on a 
WWW Home Page for evaluation purposes. 
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WaMoS II: An Operational Wave Monitoring System 

K. Reichert'. J. Dittmer1, J.C. Nieto Borge2, and K. Hessner' 
'-Ocean SensWare -, GKSS Technologie Zentrum, 21502 Geesthacht, Germany, 
Email: reichert@gkss.de, Tel +49 4152 87 1458, Fax +49 4152 87 1459 
1 Jose Carlos Nieto Borge, Clima Maritimo, Antonio Lopez 81,28026 Madrid 

Many offshore and coastal operations are critically dependent on the prevailing 
meteorological and oceanographic conditions. To enhance the security of people 
and buildings, a reliable monitoring system is necessary which can utilize routine 
sea state measurements, even during strong weather conditions. 
The new operational wave monitoring system, WaMoS n, is presented This system 
is based on a commercially available nautical X-Band radar, normally used for ship 
traffic control. The measurement is based on the backscatter of microwaves from 
the ocean surface that can be visible as sea clutter on the screen of a nautical radar. 
The system requires a minimum wind speed of about 3m/s but it operates extremely 
reliable in rough weather conditions. The system delivers information about the 
two-dimensional wave spectra and the mean surface current velocity. Therefrom all 
the important sea state parameters as significant wave height, directions and wave 
periods are derived in real time (2 minutes). 
Abrief outline of the required system components and the data analysis method is 
given. Furthermore an overview of successfully deployed operational WaMoS 
stations is presented A comparison between WaMoS II derived data and in-situ 
buoy data is presented Both data sets show an excellent agreement of more than 
90%. 

A NEW AIRBORNE GRAVTMETRY/ALTIMETRY SYSTEM FOR COASTAL 
OCEANOGRAPHY - THE AGMASCO PROJECT 

I... Timmen (1), L. Bastos (2), T. Boebel (3), S. Cunha (2), R. Forsberg (4), A. 
Gidskehaug (5), K. Hehl (6), U. Meyer (3), M. Nesemann (1), A. V. Olesen 
(4),G.Xu(l) 
(1) GeoForschungsZentrum Potsdam, (2) University of Porto, (3) Alfred-Wege- 
ner-Institut für Polar- und Meeresforschung, Bremerhaven, (4) National Survey 
and Cadastre, Copenhagen, (5) University of Bergen, (6) Technische Fachhoch- 
schule Berlin 
timmen®gfz-potsdam.de/Fax: +49-331-288-1111 

Within the EU MAST-HI project AGMASCO, an Airborne geoid Mapping Sys- 
tem tor Coastal Oceanography has been established to determine geoid and sea 
surface topography in coastal and shelf areas. It is based on most advanced sen- 
sor technology (accelerometer, laser/radar altimeter, GPS, INS) for gravity and 
sea surface height data acquisition. The hardware can be operated over sea as 
well as over land, therefore bridging important data gaps. In combination with 
satellite data, more detailed geoid and sea surface models may be developed in 
coastal and polar regions. First demonstration projects (Skagerrak/1996, Fram 
Strait/1997) and a full application project (Azores/1997) has been performed. 
The already achieved results seem to reveal a 10 cm accuracy regarding geoid 
and sea surface heights. The airborne measurements along the ERS-2 and 
Topex/Poseidon tracks allow a direct comparison of the different techniques and 
will show the advantages of each system. 

SEA LEVEL FORECAST IN THE GULF OF GDANSK ON THE BASIS OF 

INTEGRATED SYSTEM OF MARITIME OPERATIONAL HYDROLOGICAL 

FORECASTING 

M. Sztobryn .B.Kowalska (Maritime Branch of Institute of Meteorology and 
Water Management,81-741 Gdynia, ul.Waszyngtona 42, POLAND) 

The aim of the presented paper is a trial to uniformize the terminology used 
in hydrological forecasting and to present the actual potential of the 
Maritime Branch of Institute of Meteorology and Water Management (OM 
IMGW) in Gdynia in forecasting of short term sea level changes in the Gulf 
of Gdansk. Selected terms commonly used in the metodies of modem 
hydrological and meteorological forecasting are explained. Main statistical 
features of the sea-level variability at the Polish coasts of Gulf of Gdartsk 
are discussed. Methods applied to hydrological forecasting in Hydrological 
Section of Maritime Weather Office in Gdynia are shortly described and the 
organization of forecasting process by means of an automated Integrated 
System of Maritime Operational Hydrological Forecasting (ISMOH) is 
presented (the system was prepared in frame of EC project ERB CE 
PDCP). Planned development (assimilation of new meteorological forecast 
model results, hew area etc.) is explained. 

THE POTENTIAL OF NEURAL NETWORKS FOR OPERATIONAL 
OCEANOGRAPHY 

H.F.P. van den Boogaard(l) and J.C. Wiist(2) 
(1) WL|Delft Hydraulics, (2) Dutch Ministry of Transport and Public Works, 
North Sea Directorate, The Netherlands 
Henk.vdBoogaard@wldelft.nl/Fax:+3115-285-8582 

Neural Networks (NN) are generic black box models that must be calibrated 
from observed input-output combinations. Major advantages of NN are their 
capability to 'learn' nonlinear input-output relations, and the low computational 
effort that is needed to prepare and apply these models. Therefore NN are es- 
pecially suitable for applications under operational conditions. 
As potential oceanographic applications of NN operational predictions of wa- 
terlevels/currents/waves can be mentioned, as well as control of structures (e.g. 
storm surge barriers) and/or prediction of forces on structures, or even applica- 
tions for data validation/interpretation (e.g. remote sensing data). As practical 
examples NN-applications performed by the North Sea Directorate can be men- 
tioned. In these applications currents at the entrance channels to the ports 
of Rotterdam and Amsterdam were predicted from hydro-meteorological time 
series (observed and/or astronomically predicted waterlevels, river Rhine dis- 
charges, and wind velocities). These NN are presently applied in operational 
mode for guidance of deep draughted ships to the ports. Apart from this another 
NN is developed for operational water level predictions at Hook of Holland. 
In standard form NN are a fully data-oriented approach, and its domain of ap- 
plicability and accuracy are limited by the quantity and quality of the available 
data set. If also system knowledge is included in a NN, its performance can sig- 
nificantly be improved, however. At Delft Hydraulics such 'hybrid' models are 
presently developed and applied. Their (additional) potential for oceanographic 
applications will be addressed in the presentation. 

COMPARISON BETWEEN OBSERVED, HINDCAST AND NOWCAST 

SEA LEVEL ON THE SOUTHERN BALTIC SEA 

M. Sztobryn .A.Kanska, K.Krzysztofik (Maritime Branch of Institute of 
Meteorology and Water Managements-741 Gdynia, ul.Waszyngtona 42, 
POLAND) 

The aim of the presented paper is a verification of the mathematical models 
used in hydrological forecasting in Poland (sea-level forecast along the 
Polish Coast). The models are working under the Integrated System of 
Maritime Operational Hydrological Forecasting (ISMOH) for the last year. 
The forecast is issue every morning at 6.00 UTC with the lead time up to 24 
hours. The results of comparison between observed and calculated sea 
level are shown for 3 intervals of sea level (low levels, mean levels and high 
levels) and for 4 section of wind direction (N, S, E, W). 
The influence of the error of the meteorological forecast on the hydrological 
forecast was investigated by compression the hindcasting and nowcasting of 
sea level. 

JASON-1ALTIMETRY AND OPERATIONAL APPLICATIONS 

P. Vincent, Y. Menard, P. Escudier, F. Parisot, J. Perbos and R. Boain (*) 
CNES, Toulouse - France, (*) NASA/JPL, Pasadena, CA91109, USA 
e-mail: Patrick.Vincent@cnes.fr 

The scope of the presentation is double: 1. anticipate the objectives of 
potential operational applications of altimetry with associated accuracy 
and reliability requirements in terms of data quality and availability, 2. 
display the required performances of the Jason-1 altimetric system with 
respect to the operational and science objectives. 
Following TOPEX/POSEIDON that was intended to help scientists to 
better understand the ocean circulation and its impact on the climate of 
the Earth, Jason-1 is devoted to lengthen the series of high accuracy 
measurements that began with TOPEX/POSEIDON in order to monitor 
the inter-annual evolution and separate transient phenomena from secular 
variations. To reach this goal, the Jason project is designing, developing, 
integrating and testing a satellite system with its suite of instruments to 
be launched early 2000, together with a multi-mission ground system. To 
take into account operational users, a new capacity consisting in 
distributing near real time measurements will be set up. Jason-1 
requirements in terms of mission success and data availability will be 
reviewed, and a pre-launch error budget will be presented. 
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STRUCTURED DATA MODEL INTEGRATION TO ASSESS THE 
STATE OF SPM ON THE NORTHWEST EUROPEAN SHELF 

R.J. Vos, J.G. Boon, P.G.J. ten Brummelhuis and H. Gerritsen 
WL|Delft Hydraulics, P.O. Box 177, 2600 MH Delft, the Netherlands 
Robert.Vos@wldelft.nl/Fax:+3115-285-8718 

Suspended particulate matter (SPM) is an important parameter for determina- 
tion of the light availability for primary production as well as for transport of 
adsorbed pollutants. Information on the actual SPM distribution and a better 
understanding of the SPM processes is therefore important for management of 
the North Sea and its ecosystem. The paper addresses the unique potential of 
structured integration of synoptic NOAA/AVHRR images and dedicated trans- 
port modelling for the above. Mass conserving transport models can provide the 
scaling of individual synoptic RS images that are needed to ensure consistency 
of interpretation of successive images. On the other hand, the spatial SPM 
characteristics contained in RS images are ideally suited to validate SPM trans- 
port models in combination with the rather sparse in-situ data. In the paper a 
Goodness-of-Fit criterion is presented which allows for simultaneous integration 
of in-situ and RS data with a model. This approach was proven successful for 
the Dutch coastal zone in earlier studies which showed that optimal use of avail- 
able data and model information can so be attained. The methodology has now 
been improved and applied on a North Sea wide scale. Results will be shown 
for the year 1990 and 1994, followed by a discussion on various practicalities. 
The study is part of the MAST-3 funded PROMISE project. 

DYNAMIC REGRESSION AND EOF FORECAST MODEL 
APPLIED FOR SPLITTING LINEAR AND NONLINEAR FORCING 
OF THE BALTIC STORM SURGE 

A.Wroblewski 
Institute of Oceanology PAS, 81-712 Sopot, Poland 
wroblew@iopan.gda.pl/Fax: (+48-58) 551 21 30 

A model of linear, dynamic relationships of autoregression and regression is 
used in forecasting daily sea levels and storm surges on the Polish Baltic 
coast with a 24h lead time. The predictors are the EOF of the atmospheric 
pressure and sea level fields. The model was developed from a two-year set 
of measurements with a 3h sampling step and validated on a 7-month data 
set. The daily sea level forecast for 5 ports is characterized by an rms error 
which occurs in the 7-9 cm interval with a probability 79%. This error in the 
corresponding 14-18 cm interval has probability 96%. Storm surges are 
forecast probabilistically on the basis of the upper confidence limit. For 7 
powerful storms recorded in 5 ports, the mean absolute forecast error lay 
within the 14-18 cm interval. Computations have been performed to separate 
linear from non-linear effects in the generation of very high and violent storm 
surge recorded at 5 tide gauges. These show that linear storm surge forcing is 
considerable. 

OA24        Marine  data  management: 
hindcasting and nowcasting 

Convener: Evensen, G. 
Co-Convener: Gerritsen, H. 

assimilation,       TEMPERATURE ASSIMILATION IN THE NORTH SEA 

J. D. Annan 
Proudman Oceanographic Laboratory, Birkenhead, UK, L43 7RA. 
jdanCpol.ac.uk 
A simple interpolation method based upon a Kaiman filtering approach is pre- 
sented. This enables sea surface temperature observations (provided by the 
Pathfinder satellite-derived AVHRR data set) to be assimilated into a me- 
teorologically forced three-dimensional baroclinic model of the North Sea. A 
comprehensive set of in-situ measurements collected during 1989 forms a base 
against which error statistics are calculated. A series of numerical experiments 
demonstrates that the method produces a large improvement in the model's 
predictive performance. The results compare well with theoretical calculations 
based upon the error statistics. 

NONLINEAR INVERSION OF IN SITU DATA FROM OCEANIC 
DISSOLVED-PARTICULATE EXCHANGES 

V. Athias (1), P. Mazzega (1) and C. Jeandel (1) 
(1) LEGOS, 14 av. Edouard Belin, 31400 Toulouse, France 
athias@boreal-ci.cst.cnes.fr/ Fax: +33.05.61.25.32.05 

Biogeochemical models describing the dissolved-particulate exchanges in the 
water column are 1+1 dimensional and based on a system of nonlinear Partial 
Differential Equations. We show that the direct solutions may adopt complex 
dynamical behaviours (e.g. chaotic), as the equations are nonlinear and cou- 
pled and that changes of the exchange rates may trigger system bifurcations. 
To constrain the model with a data set, we must be able to (i) accurately 
determine the state variables at a given time and to (ii) recover the exchange 
rates. The first issue aims at defining the time evolution of the chemical ele- 
ments concentrations in the dissolved and particulate phases. The second one 
allows to characterize the long-time dynamical behaviour and predictability 
of the water column system. First, we partially solve them by using synthetic 
time series extracted from direct integrations of the model. The data assimi- 
lation and inversion are performed using a sequential nonlinear optimization 
algorithm. We then tackle with the assimilation-inversion of m situ data, 
using a two years time series of trapped, suspended and dissolved material 
data collected at two sites in the tropical Atlantic Ocean (EUMELI sites). 
Interesting conclusions but also new questions emerge from this confrontation 
between the model of the water column dynamics and the in situ data. 

WAVE MODELS ANALYSIS IMPROVEMENT BY USING 
ALTIMETRIC WAVE HEIGHTS 

Jean BARCKJCK.E* and Yves MENARD" 
' 17 sixte chemin Sauveur, 31270 Frouzins, France. 

Jean.Barckickc@meteo.fr 
"C.N.E.S.. 18 avenue Edouard Belin, 31055 Toulouse Cedex, France. 

Yvcs.Menard@cnes.cst.fr 

The aim of this study is the improvement of the wave fields produced 
by the sea-state models. In order to obtain the best wave height estimation, 
we merge the VAGATLA model outputs (H,„) and the TOPEX altimeter 
measurements (SWH) by using an optimum interpolation (O.I.) scheme. The 
O.I. consists in solving a linear system whose the matrix and the second 
member are statistical fields, theoretically computable from the data, but 
with difficulty accessible in practice. We have used the results of several 
cross-calibration to define the equations that allow to close the system. Then 
the statistical parameters required by the O.I. scheme have been computed 
from three years of TOPEX/VAGATLA colocalized data. The resulting 
wave fields exhibit a reduction of the distance between the buoy data and the 
model over 40% (15 cm) in bias and 5% (4 cm) in standard deviation. An 
adaptative method under development should allow us to improve these 
encouraging results by a best fit of the scheme coefficients. 
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AN EXPERIMENTAL SYSTEM FOR MERCATOR 

I. Blanchet (1) and P. Courtier (2) 
(1)  Service Hydrographique et  Oceanographique de la Marine (SHOM), 
Toulouse, France,  (2) Centre National d'Etudes Spatiales (CNES), Paris, 
France. 

The goal of the experiment is to implement in 1999 a system which will simulate 
the north Atlantic and Mediterranean circulations at a resolution of a twelth of 
a degree and with TBD vertival levels. It is foreseen as an initial implementation 
of Mercator and will serve as a feasibility study for the integration of the main 
components of Mercator: the ocean circulation model, the data assimilation 
procedure and the data stream. 
The ocean model is based on OPA a primitive equation model developped 
at LODYC (Paris). The atmospheric forcing are provided by the ECMWF 
«analyses. The rigid lid hypothesis is made. A mixing layer based on a TKE 
closure is used. The ocean model is coupled With a semi-diagnostic model of 
the sea-ice cover. 
The data assimilation method will rely on the code SOFA an Optimal Interpo- 
lation scheme developped at LEGOS (Toulouse). The system will be assimilat- 
ing altimetry observations from T/P and ERS. SOFA uses empirical orthogonal 
functions of the vertical covariance matrix to transfer the information from the 
surface to all ocean layers. In a near future, SOFA will be developped to be 
able to assimilate in-situ data as well. 
Real time is a key aspect for operational oceanography. It should be included 
in the experimental system and will be planned for the years 2000-2001. 

REDUCED KALMAN FILTER APPLIED TO DATA ASSIMILA- 
TION WITH STRONGLY NON LINEAR MODELS 

Sylvain Carme, Dinh Tuan Pham and Eric Blayo (Laboratoire de Modeli- 
sation et Calcul, C.N.R.S., Universite de Grenoble, B.P. 53X, 38041 Grenoble 
Cedex, France) 
Jacques. Verron (Laboratoire des Ecoulements Geophysiques et Industrieis, 
URA 1509 CNRS, BP 53X, 38041 Grenoble Cedex, France) 

The aim of this work is to analyze and improve the behaviour of a Singular 
Evolutive Extended Kaiman filter (SEEK) in the context of data assimilation 
into strongly non linear ocean models. This filter, introduced recently in Pham 
et al. (1995), tries to make correction primarily along the fastest error growing 
error directions. It is easily shown that, for a linear model, the SEEK provides 
the subspace of the first eigenmodes of the tangent linear model. However, with 
a highly non-linear model, the filter may be unable to keep track of these modes 
and accordingly correction would be made inefficiently. 
This phenomenum will be illustrated with the well known Lorenz chaotic model. 
We will see how the SEEK filter can sometimes fail to assimilate the true model 
trajectory, and how such problems can be avoided by making use of the equation 
describing the temporal evolution of the eigenmodes. Note that this leads to 
a computing procedure quite similar to the SEEK, without making any costly 
use of adjoint equations. 
Application of these variants of the method in the realistic context of a north 
Atlantic high resolution circulation model will also be described 

HINDCASTING THE SYNOPTIC VARIABILITY IN THE GULF 
OF SAINT LAWRENCE 

JoSko Bobanovid and Keith R. Thompson 
Dalhousie University, Oceanography  Department,  Halifax, NS, B3H 4J1, 
Canada. 
joskoCphys.ocean.dal.ca/Fax: [+1] 902-494-3877 

The Gulf of Saint Lawrence is one of the world's largest semi-enclosed ocean 
basins. Research in this area focused on the basic estuarine circulation of the 
Gulf of Saint Lawrence. Little is known about the variability at synoptic periods 
(2-10 days) and what causes it. We address the questions of relative importance 
of local wind versus remote forcing through the open boundaries of the Gulf. We 
hindcast the flow in the Gulf for a period of two winter months during 1986 and 
1987. First, we assess the role of the local wind forcing. Then, we account for 
the effects of open boundaries using an adjoint based data assimilative shallow 
water model. The model results suggest that boundary forcing is critical for 
resolving the synoptic variability in the Gulf of Saint Lawrence. The amplitudes 
of the boundary forcing can be related to the large scale wind forcing over 
the Labrador and Newfoundland Shelves. We therefore explore a suboptimal 
scheme for forecasting the flow based on forecast winds and data assimilative 

SENSITIVITY TO OBSERVATIONS IN A COASTAL MODEL OF 
THE NORTHWESTERN MEDITERRANEAN SEA 

V.Echevin (1), P. De Mey (2) and G.Evensen (*) 
(1) LEGOS/GRGS, 18 ave. Edouard Belin F-31401 Toulouse Cedex 4, France, 
(2) LEGOS/GRGS, 18 ave. Edouard Belin F-31401 Toulouse Cedex 4, France, 
(♦) NERSC.Edvard Griegsvei 3a-5037 Solheimsviken, Bergen.Norway. 
Vincent. Echevin«enes. fr/Fax: 33(0)561253205 

It is interesting to study the impact of observations in view of data assimilation 
in meso-scale/coastal circulation models. Indeed, it is important to know which 
kind of data and location are most useful in order to constrain models. In a 
data assimilation analysis scheme, it can be showed that the analysed state of 
the ocean is the the sum of the forecasted state and a linear combination of the 
representer fields. Each «presenter is the influence function of a data point on 
the field. The «presenters can be calculated from the forecast error covariance 
matrix which is estimated by a Monte Carlo method. This methodology is ap- 
plied to the Princeton Ocean Model, a free surface, sigma coordinate, primitive 
equations coastal model set up for the coastal area south of France and Italy. 
The influence of observations (altimetry, current measurements, sst..) on the 
behaviour of the Liguro Provencal current is analysed. 

ASSIMILATION OF ALTIMETRIC DATA IN EDDY-RESOLVING 
PRIMITIVE-EQUATION MODELS 

P. Brasseur, J. Ballabrera and J. Verron 
LEGI, BP 53, 38041 Grenoble Cedex 09, France. 
Pierre. BrasseurOhmg. inpg. f r 

The Grenoble Group has developed a suite of assimilation schemes for ocean 
circulation models. The degree of sophistication of the methods is very wide, 
as the schemes include nudging, optimal interpolation, simplified Kaiman fil- 
ters and the variational-adjoint technique. A number of schemes have been 
developed at the research level only, while others have been implemented up to 
pre-operational levels. A new data assimilation scheme derived from the Kaman 
Filter has been elaborated recently in the perspective of the French MERCA- 
TOR project. The method relies on the concept of a reduced-order basis which 
evolves with time according to the system dynamics. The primary motivation 
for developing the so-called Singular Evolutive Extended Kaiman (SEEK) fil- 
ter was to control the mesoscale activity of mid-latitude oceanic flows using 
altimetry and thermal imagery, investigating how well surface observations of 
the ocean can be used to reconstruct the time evolution of eddy fields. The 
algorithm has been formulated in quite a general fashion to make it tractable 
with a large variety of ocean models and measurement types. Examples of the 
filter implementation will be shown, illustrating the response of the assimilation 
scheme to several ocean observing systems. 

AN ENSEMBLE KALMAN FILTER WITH AN ISOPYCNIC CO- 
ORDINATE OCEAN GENERAL CIRCULATION MODEL 

G. Evensen 
Nansen Environmental and Remote Sensing Center, 5037 Solheimsvik, Norway. 

The Ensemtsle Kaiman Filter (EnKF) has been proposed as a new sequential 
data assimilation method capable of handling strongly nonlinear models to an 
acceptable numerical cost. The method resolves the major deficiencies in the 
traditional Extended Kaiman Filter when used with nonlinear dynamics, e.g. 
unstable error covariance evolution due to the use of a linear error covariance 
equation and extreme numerical cost. Here the EnKF method will be presented 
together with examples from a recent implementation with the Miami Isopycnic 
Coordinate Ocean Model. Focus will be on the prediction of error covariance 
statistics and the potential for such a system in operational use. 
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A MARINE INFORMATION SYSTEM (MIS) IN SUPPORT OF A 
COASTAL ZONE MONITORING AND PREDICTION SYSTEM 

A. Jacob (1), G. Evensen (1) and T. Hamre (1) 
(1) Nansen Environmental and Remote Sensing Center, Edvard Griegs vei 3A, 

5037 Solheimsvik, Norway. 

An efficient and accurate coastal zone monitoring and prediction system re- 
quires the integration of observations and numerical models. The integrated 
use of observations and models is best done using data assimilation methods, 
which in an optimal way merges the information about the dynamics con- 
tained in the model with the information about the current state of a system 
contained in a set of measurements. The observing system will have to con- 
sist of oceanic in-situ data, remotely sensed information, and observations of 
biochemical variables. The MIS proposed here is designed to access, store and 
manipulate the different data in-order to prepare them for easy integration 
in data assimilation models. Important design considerations of such an infor- 
mation system include, among others (1) downloading of real-time data.from 
distributed sites, (2) pre-processing of data, including format and resolution 
conversion, inter/extrapolation and data quality checks, (3) efficient storage 
and retrieval of remote sensing, in-situ and simulated data, (4) data exchange 
with the numerical models, and (5) dissemination of analyses and predictions 

to end users. 

A 40-YEAR COUPLED HINDCAST OF OCEAN AND 
ATMOSPHERE IN THE NORTH SEA REGION 

H. Langenberg (GKSS Research Center, Max-Planck-Str.. 

21502 Geesthacht, Germany) 

A regional 40-year hindcast (1957-97) of the atmosphere-ocean 
system of the North Sea and surrounding areas will be performed, 
using the NCEP reanalysis data as a global forcing field. To de- 
termine the model set-up for the long-term simulation sensitivity 

studies are performed. _ 
It is a problem inherent in using a global model to provide the 

forcing, that regionally developing small scale structures are easily- 
destroyed by the coarse information prescribed at the boundaries; 
Usually, to adress this problem a rather large area is used in the 
regional model to allow small scale features to develop in the region 
of interest. Here, a different approach is attempted: throughout the 
model domain, the large scale features (the largest Fourier compo- 
nents) from the global model are nudged into the regional model, 
making it possible in return to keep the lateral boundary rather 
small and thus giving the regional model more freedom on small 

scales in the interior. 
Comparisons to observations and to simulations with a different 

model are presented. 

TUNING   WEIGHTS   AND   SMOOTHING   PARAMETERS   OF 
THE GENERAL INVERSION 

G. A. Kivman, A. V. Guessen and A. L. Kurapov 
P.P.   Shirshov   Institute   of  Oceanology,   St.-Petersburg   Branch,   Russian 
Academy of Sciences, Russia, 199053. 

The general inversion of a model involves the statistics of data and model er- 
rors. However, little is known about them, particularly about the latter. We 
propose an approach to estimating weights and smoothing parameters. The 
weights are responsible for a compromise between different sources of knowl- 
edge about a modelled phenomenon. Smoothing acts as a regularizer providing 
well-posedness of the data assimilation problem. Instead of using non-diagonal 
dynamical covariances we offer to smooth kernels of observational functionals. 
Since various parameters of the general inversion are of different nature, rules... 
for choosing them would differ from each other; this circumstance has been ig- 
nored with other estimating techniques. Because the inverse solution depends 
on the ratio of the error variances, the dynamical error variance can be fixed; 
we propose that the other weights maximize the sum of corresponding cost 
terms. The smoothing parameter can be chosen as large as possible and such 
that its change does not affect the weights notably. The procedure has been 
tested for a weak constraint formulation of a 1-D model for tides in a channel 
(with application to the Tatarskiy strait). The study revealed that with the op- 
timal weights and smoothing parameter, the standard deviation of the inverse 
solution from data not assimilated into the model was close to its minimum 
value. 

T-S DATA ASSIMILATION IN A 3D CIRCULATION MODEL TO 
OPTIMIZE THE TURBULENT VISCOSTY 

Y. Leredde (1), I. Dekeyser (1) and J.L. Devenon (2) 
(1) Centre d'Oceanologie de Marseille, France, (2) LSEET, Universite de Toulon , 

et du Var, France 
leredde@com.univ-mrs.fr/Fax: +33-04-91-82-65-48 

The Berre lagoon (France) is a semi-enclosed basin with 6 in depth average and 
15 x 15 km2 of surface area. Salinity and temperature profiles are measured by 
an automatic station every half a hour. Due to river Durance discharge in the 
north and Mediterranean sea intrusion in the south, the hydrological situation 
is often stronglv stratified. The vertical mixing occurs only with high wind. 
Modelling the basin circulation during such a process with a 3-D primitive 
equation model requires an accurate parametrization of the turbulent vertical 
viscositv M. A classical approach consists in using a turbulence model like 
the k-L or k-f ones. Here, an alternative approach consists in considering u,. 
space and time dependent, as an input parameter controlling the system.v, is 
optimized, iterativelv, for each vertical level and half a hour period, in order to 
minimise the discrepancies between the simulation results and the data. This 
iterative procedure requires-to solve an adjoint model to assimilate the data. 
This optimal control method is applied on a 3-days wind event and gives simu- 
lation result* verv closed to station data. It can be expected that the simulation 
for the rest of the basin is better than a classical k-L model simulation without 

data assimilation. 

IMPROVING THE MEAN STATE OF A MODEL BY ASSIMILATING MEAN 
TOPOGRAPHY TOGETHER WITH SSH ANOMALIES: RESULTS FROM 
THE DYNAMO PROJECT 

P.D. Killworth (1), Ch. Dieterich (2), A. Oschlies (3), J. Willebrand (3), 
J.-M. Molines (4) 
(1) Southampton Oceanography Center 
(2) Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven 
(3) Institute fur Meereskunde, Kiel 
(4) Laboratoire des Ecoulements Geophysiques et Industrieis, Grenoble 

The assimilation of the 1992 -1993 ERS-1 TOPEX/Poseidon SSH anomalies into the 
Level model fo the DYNAMO project leads to a better representation of the near 
surface variability. But the assimilation of a 1 year period of the time varying part of 
the altimeter signal does not change the mean model circulation significantly. Using a 
suboptimal, statistical assimilation scheme, the mean model state is partly determined 
by the SSH-climatology of the undisturbed model. Replacing the SSH statistics of the 
Level model by the equivalent of the DYNAMO isopycnic model introduces a mean 
circulation close to that of the latter model, without loss of the high surface variability. 
An independent estimation of the mean surface topography for the Northwestern 
Atlantic, inferred from hydrography and altimetry, is used as an SSH-climatology to 
attempt a model state as realistic as possible. In the vincity of the Gulf Stream 
extension and the North Atlantic Current the near surface currents and related heat loss 
is much improved. Comparison with a WOCE section shows that the subsurface 
watermass distribution is closer to the observation now. 

WEAK-CONSTRAINT VARIATIONAL ASSIMILATION OF AL- 
TIMETER DATA IN A NON-LINEAR OCEAN MODEL 

S. Louvel 
SHOM/CMO, 14 Av. Edouard Belin, 31400 Toulouse, France. 
Stephane.LouvelOcnas.fr/Fax: [33] 561 33 29 16 

The object of this numerical study is to use a weak-constraint variational 
method of data assimilation with a primitive equation model. We consider the 
4D-PSAS algorithm (Physical-Space statistical Analysis System) that includes 
model error. This algorithm minimizes an objective function JA defined on the 
dual of the data space by solving the Euler-Lagrange equations iteratively. The 
gradient of J\ is obtained by a backward integration of the adjoint equations 
followed by a forward integration of the direct equations forced by the adjoint 

variable. 
The algorithm is tested on MICOM  (Miami Isopycnic-Coordonate Ocean 
Model) in an oceanic box, assuming a schematic stratification with 4 immiscible 
layers. Each layer is characterized by its density and its dynamics is governed 
by the Shallow-Water equations. The oceanographic context of our numerical 
example is a description of the Gulf-Stream circulation on a /?-plane. 
The experimental strategy is to perform twin-experiments with simulated data 
in order to assess the performance of our assimilation method for the case of 
altimeter data. The fundamental issue is to verify the feasibility of adapting 
the 4D-PSAS algorithm to a non-linear model. 
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APPLICATION OF THE KALMAN FILTER FOR DATA 
ASSIMILATION IN COASTAL AREA MODELLING 

H. Madsen (1), R. Cafiizares (1), H.J. Vested (2) and H.R. Jensen (2) 
(1) International Research Centre for Computational Hydrodynamics, Harsholm, 
Denmark, (2) Danish Hydraulic Institute, Harsholm, Denmark. 
E-mail: hem@dhi.dk, Fax: +45 45 76 25 67 

Data assimilation procedures based on the Kaiman filter (KF) have been 
implemented into a 2D hydrodynamic modelling system (MIKE 21) for assimil- 
ation of tide gauge measurements. The KF provides a successive correction of the 
state of the system as well as an estimate of the corresponding uncertainty by 
taking into account the inherent uncertainties, including errors in the open 
boundary conditions, errors in the meteorological forcing, and measurement errors. 
The paper presents a review of recent developments and applications of the KF in 
MIKE 21. Two different procedures have been analysed, respectively, an extended 
KF based on a reduced rank square root approximation of the error covariance 
matrix and an ensemble KF based on a Monte Carlo simulation approach for 
propagation of the errors. Results from an intercomparison study are presented that 
demonstrate the general performance of, and differences between, the two methods. 
In addition, two application examples are presented. First, the data assimilation 
scheme is applied for improvement of the prediction of extreme storm surges in the 
North Sea, applying the ECAWOM data set. Secondly, a long-term simulation of 
corrected water level and velocity fields as boundary conditions for a 3D numerical 
model of the North Sea - Baltic Sea region (DYNOCS project) is presented. 

AN INVERSE FINITE ELEMENT MODEL OF THE LARGE 
SCALE CIRCULATION IN THE SOUTH ATLANTIC 

D. Nechaev (1), J. Schröter (2) and M. Yaremchuk (1) 
(1) Shirshov Institute of Oceanology, Krasikova 23, 117218 Moscow, Russia, 
(2) Alfred-Wegener-Institute for Polar and Marine Research, Am Handelshafen 
12, D-27570 Bremerhaven, Germany. 

A finite element model in primitive variables and its adjoint were developed for 
the reconstruction of the large scale circulation in the World Ocean. Finite ele- 
ments formulation of the mode! treats both the dynamical constraints and the 
data assimilation algorithm from a single viewpoint of variational formalism. 
The major advantage of the method is a possibility to work with unstructured 
grids, which can be refined in the regions of strong currents and thus save 
computer resources by reducing the number of degrees of freedom related to 
dynamically inactive regions of the ocean. The present preliminary study is 
focused on the application of the steady state version of the model for the re- 
covering of the circulation in the region of South Atlantic between 76.5°S - 
32.5°S and 66.5°U' -' 21.5°£ on the base of available climatological data. The 
following data sets are utilized: Southern Ocean Hydrographie Atlas. Topex- 
Poseidon sea surface elevation data, annual mean wind stress data and prepro- 
cessed hydrographic sections data. The flow through the open boundaries of 
the region and wind stress uncertainties are chosen as control variables. The 
assimilation results show reasonable model-data consistency for specified data 
error covariance structure. 

Optimal Interpolation and Statistical Analysis of SST fields from ATSR 

Since August 1991 the Along Track Scanning Radiometers (ATSR-1 and ATSR-2) 
have provided a near-continuous global sea-surface temperature (SST) record with a 
precision of approximately 0.3K. This accuracy is associated with spatially-averaged 
SSTs which are generated at ten arcminute resolution. Daily coverage is around one 
third of the Earth's surface, with a week's observations typically required to achieve a 
fairly full global SST field (allowing for 50% cloud cover). 
However climate models ideally require continuous fields at a high spatial and 

temporal resolution. Production of such fields from an irregularly and sparsely 
sampled data set presents formidable problems. Traditional interpolation techniques 
such as Fast Fourier Transform are not suited to the irregulary sampled data, and 
general matrix inversion techniques are prohibitively expensive for the array sizes 
involved (around 2000x 1000 for a global field at ten arcminute resolution). 
We describe the application of a multiresolution estimation frame work which offers 
computionally efficient methods for the interpolation, analysis and smoothing of 
extremely large data sets: the method also provides realistic error estimates. The recent 
enhancement of the technique to offer the possibility of assimilating data over time is 
described, and results from this dynamic estimation are presented. 

A NOWCAST/FORECAST SYSTEM BASED ON THE GLOBAL 
NRL LAYERED OCEAN MODEL (NLOM) 

O.. M. Smedstad (1) and D. N. Fox, H. E. Hurlburt, G. A. Jacobs, E. J. 
Metzger, R. C. Rhodes, J. F. Shriver (2) 
(1) Planning Systems, Inc., Stennis Space Center, MS 39259, (2) Naval Research 
Laboratory, Stennis Space Center, MS 39259. 
smedstadenrlssc.navy.mil/Fax: [1] (228) 689-8499 

A 1/4 degree global version of the Naval Research Laboratory (NRL) Lay- 
ered Ocean Model is currently being transitioned to Fleet Numerical Mete- 
orology and Oceanography Center (FNMOC) to run as a nowcast/forecast 
system. Real-time altimeter sea surface heights (SSH) from Topex/Poseidon 
and ERS-2 obtained from the Altimeter Data Fusion Center (ADFC) at the 
Naval Oceanographic Office are assimilated into the model. Observations from 
the US Navy's Geosat Follow On (GFO) mission will be used as soon as the 
data become available. The data assimilation method is a nudging technique. 
Altimeter observations give only information about the sea surface height. A 
statistical inference technique is used to infer corrections to the lower layers of 
the model and a geostrophic correction is used to update the velocity outside 
the equatorial region. SSH time series from the model before and after assimi- 
lation are compared to an independent set of tide gauge sea level observations. 
This global model is used to provide boundary conditions for a high resolution 
model of the west coast of the Unites States. Future plans include upgrading 
the global model to 1/8 degree with embedded higher resolution basin-scale 
models of the Pacific and Atlantic Oceans. 

STUDYING MARINE ECOSYSTEMS IN TERMS OF DATA ASSIMILATION 

Lars-.Iorgen Natvifc, Mette Eknes and Geir Evensen. Nansen Environmental mid Remote Sensing 
Center, Edvard Griegsvei 3a, N-5037 Solheimsviken. Norway. 

A weak constraint variational formulation for a simplified four component ecosystem mode! is defined, 
jpid minimized using gradient methods. An ordinary gradient steepest descent scheme is compared to 
a more elaborate nonlinear conjugate gradient scheme denoted by the Fletcher and Reeves method. 
Several data assimilation experiments are performed in which the data are generated from an -exact" 
forward model integration. To make the experiments more realistic, normally distributed noise is 
added to the measurements. Properties like the sensitivity with respect to the data density, and also 
with respect to the assimilation interval, are investigated. Also, an experiment with measurements 
of only the phytoplankton ecosystem component is performed. Satellite ocean colour data represent 
the major part of currently available observations, and such data sets may be used to measure the 
phytoplankton compartment. Thus, showing that it is possible to obtain good results also for the 
other ecosystem components when only phytoplankton is measured seems to be of vital importance 
for creating a preoperatioual marine data assimilation system. The simple ecosystem model usisl 
is easily extended to more elaborate ones, like the well accepted and commonly used FDM-model 
(Fasham-Ducklow-McKelvie). 

SENSITIVITY ANALYSIS OF AN INTEGRATED MODEL FOR 
SUSPENDED SEDIMENT TRANSPORT IN THE NORTH SEA 

P.G.J. ten Brummelhuis, J.G. Boon, H. Gerritsen and R.J. Vos 
\VL|Delft Hydraulics, P.O. Box 177. 2600 MH Delft, the Netherlands 
Paul.tenBrummelhuis®wldelft.nl/Fax:+31 15-285-8582 

As part of the MAST-3 project PROMISE, the sensitivity of the SPM transport 
model is studied for the propagation of (model and data) errors in meteorolog- 
ical, hydrodynamic and wave parameters as well as empirical coefficients in the 
formulation of the erosion and sedimentation processes and sediment inputs. 

Accuracy and efficiency are two key words in modelling interacting physical 
processes in an optimal way: given some pre-defined objective of the integrated 
model, how to link the models and comprehensive data sets in an efficient way 
that meets the accuracy requirements. This includes, a.o., establishing the type 
and accuracy of the representation of the processes involved: how can they 
be adequately represented (that is with sufficient accuracy and resolution), bv 
detailed model computations or. rather, by extracting information from com- 
prehensive data sets. 

The model performance is quantified using a pre-defined Goodness-of-Fit cri- 
terion. This criterion is an appropriate measure for the difference between 
the computed and observed (RS and in-situ) concentrations, given the mod- 
elling objective, where the representativeness of the concentration observations 
is explicitly taken into account. By means of adjoint modelling techniques the 
model's sensitivities for the residual flow field, bottom shear stress, sedimenta- 
tion velocity and sediment dumpings are assessed. Based on the temporal and 
spatial variability of these sensitivities, a low-dimensional parameterization of 
the model error is defined that is well suited to calibrate the (transport) model. 
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A SINGULAR EVOLUTIVE EXTENDED KALMAN FILTER 

J.Verron (1), P. Brasseur (1), Pham-Din-Tuan (2) and L. Gourdeau (3) 
(1) LEGI, BP53X, 3841 Grenoble Cedex, France, (2) LMC/IDOPT, BP53X, 
3841 Grenoble Cedex, Prance, (3) ORSTOM, BP A5, Noumea, New Caledonia. 

A modified form of the extended Kaiman filter is proposed to assimilate oceanic 
data into numerical models. Its development consists essentially in approximat- 
ing the error (»variance matrix by a singular low rank matrix, which amounts 
in practice to making no correction in those directions for:\i(hich the error is 
attenuated by the system. This not only reduces the implementation cost to an 
acceptable level but may also improve the filter stability as well, the "directions 
of correction" of the filter evolve with time according to the model evolution, 
which is the most original feature of this filter, distinguishing it from other 
sequential assimilation methods based on the projection onto a fixed basis of 
functions. A method for initializing the filter based on the emrirical orthogonal 
functions is also described. Examples of the filter implementation will be shown 
in the tropical Pacific ocean and in the North Atlantic. 

A QUASI-GEOSTROPHIC DATA ASSIMILATION SCHEME FOR 
PRIMITIVE-EQUATION MODELS 

A. Wirth (*) and M. Ghil (*) 
(*) Institute of Geophysics and Planetary Physics, UCLA, CA 90095-1567, 

USA. 
achimOatmos.ucla.edu/Fax: [+1] 310 206 52 19 

A simple method for assimilating sea-surface height and roughness into a multi- 
layer, primitive-equation, ocean model is introduced. Data for the roughness of 
the sea surface are used to estimate whether the divergence between the ocean 
evolution and that of the numerical model, as measured by the differences 
in sea-surface height, are primarily due to dissimilar wind forcing or to the 
chaotic dynamics of the two systems. In the former case, the differences in 
Ekman pumping lead to diffent vertical mass distributions, while in the latter 
case the dominant differences in the mass field occur by horizontal advection. 
The nonlinear quasi-geostrophic equations are used to quantify these changes 
in the water mass field. Current updates are then projected geostrophically 
from the surface to the bottom. The commonly used statistical methods to 
project surface data into the ocean are thus replaced by the deterministic quasi- 
geostrophic laws of ocean dynamics. 
Results from (identical and non-identical) twin experiments with idealized to- 
pography are presented. The root-mean-square (rms) error in the barotropic 
stream function is reduced to less than 20% of that for the case with no data 
beeing assimilated, while the, rms errors in the deep currents are reduced to 

less than 30%. 

ESTIMATION OF ANALYSIS ERROR STATISTICS FOR VARI- 
ATIONAL DATA ASSIMILATION 

F. VeersiS 
Meteo-France, CNRM/GMAP/AAD, 42 avenue Gaspard Coriolis, F-31057 
Toulouse cedex 1, France. 
veerseOcnrm.meteo.fr/Fax: [33] 5-61078453 

Tri-dimensiona! variational data assimilation (3D-Var) is used operationally in 
a number of meteorological centers (Statistical Space Interpolation system at 
NCEP, 3D-Var at Meteo-France) and four-dimensional variational data assim- 
ilation (4D-Var) became operational at ECMWF recently. OI schemes provide 
an estimation of standard deviations of analysis error. This information on 
the quality of the analysis is lacking in variational assimilations and must be 
estimated in some way using additional procedures. 
In addition, the estimation of analysis error covariances at the end of the as- 
similation period for 4D-Var and of the forecast period for 3D-Var, is necessary 
for cycling variational assimilations. 
The author proposes a method for estimating the analysis error covariances. 
It uses standard deviations in physical space and an operator to represent the 
correlations in spectral space, and relies on an assembling algorithm which can 
be easily parallelized. The procedure takes into account any preconditioning 
used for the minimization, and allows an easy cycling of the variational assim- 
ilation including the definition of a preconditioning based on the forecast error 
covariance matrix. 

TIDAL DATA  ASSIMILATION  FOR THE NEWFOUNDLAND 
AND SOUTH LABRADOR SHELVES BY A DIRECT INVERSE 
METHOD 

Zhigang Xu and Ross Hendry and John Loder 
Ocean Sciences Division Fisheries and Oceans Canada Bedford institute of 
Oceanography Dartmouth, N.S. Canada. 
zhigangxOemerald.bio.dfo. ca/Fax: 902-426-7827 

This paper describes an application of a newly developed data assimilation 
method, the direct inverse method, to remotely-sensed and in situ tidal data 
from the Newfoundland and South Labrador shelves and adjacent regions. The 
method seeks an explicit relationship between the interior solutions and bound- 
ary foccing via a finite element discretization of the linear 3D shallow water 
equations in frequency domain. The explicit relationship is then used as a 
general regression model to assimilate the interior observations to produce an 
optimized boundary forcing. 
The initial application is carried out for M2 and Kl tidal constituents. The 
remotely-sensed data from the TOPEX/POSEIDON satellite provide informa- 
tion on the tidal amplitudes and phase lags over a large area (~ 1000 km x 
2000 km). The in situ data include coastal tidal gauge data, offshore bottom 
pressure data, and moored current meter data. Constrained by more than 1400 
data points distributed almost evenly in the entire domain, the optimized field 
of tidal elevation is believed to be highly realistic and the 3D current fields 
provide a high resolution representation of the flow over offshore topography 
and around coastal features. 

I 

MULTIPLE-TRUNCATION INCREMENTAL STRATEGIES FOR 
VARIATIONAL DATA ASSIMILATION 

F. Veerse 
Meteo-France CNRM/GMAP/AAD, 42 avenue Gaspard Coriolis, F-31057 
Toulouse cedex 1, France. 
veerseOcnrm.meteo.fr/Fax: [33] 5 61078453 

The incremental approach provides an approximate solution to four- 
dimensional variational data assimilation (4D-Var) at a reasonable CPU cost. 
An extension of this approach is studied, namely the multiple-truncation in- 
cremental technique, and is compared to the standard and single-truncation 
incremental implementations of 4D-Var, using a two-dimensional barotropic 
vorticity equation model. 
The quasi-continuous approach deals with the cut-off problem and spreads 
the computer requirements over time. Quasi-continuous incremental and quasi- 
continuous multiple-truncation incremental techniques are assessed. 
The same number of iterations is specified in all the experiments. The multiple- 
truncation incremental technique is found to produce a good approximate anal- 
ysis at a lower CPU cost, especially when the underlying flow is unstable and 
the background field is of poor quality. Applying the quasi-continuous approach 
to the incremental methods adds some benefit in terms of computer time. 
The multiple-incremental technique is under implementation at Meteo-France 
for testing purposes using the operational Arpege model. 
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OA25        Developments in weather forecasting 

Convener: Gustafsson, N. 
Co-Convener: Benard, P. 

IMPROVING TIME INTEGRATION SCHEMES IN PREDICTION MODELS 

F. Baer (Department of Meteorology, University of Maryland College Park, College 
Park, MD 20742, USA) 

In an effort to find time integration methods which both improve forecasts and reduce 
computing time (and possibly exploit MPP architecture), we have studied a variety of 
techniques and show applications to some simple models. We began with a Taylor 
Series (TS) approach applied to the BVE (both grid and sphere), then moved to the 
shallow water equations (SWE) which are considerably more realistic. Since the 
shorter frequencies implied by gravity motions could restrict the benefits of the TS 
approach, we applied the SWE in the spectral domain, using an expansion in Hough 
modes. We split the wave spectrum into high and low frequency domains, predicting 
low frequencies and balancing high frequencies. For prediction efficiency, we tested 
the TS approach and found a significantly effective increase the basic time step. Using 
the SWE expanded in their Hough modes, we explored the sensitivity of predictions to 
the cutoff scale separating those modes which are predicted from those which are 
balanced, including shifting this cutoff to various frequencies. We then developed a 
multi-level time integration scheme, superior to the TS method, which proved very 
workable with the SWE, providing much more accuracy than the simple leapfrog 
scheme at a significantly lower computer cost. Finally, we included a zonal mean state 
into the SWE, generated a new set of normal modes, and integrated the SWE with 
these modes, separating the equations in the same fashion as the Hough mode 
equations described above. Results of these integrations will be presented. 

PROGRESS IN SEASONAL WEATHER PREDICTION WITH A 
THERMODYNAMIC MODEL. 

i.AJcm (Centra de Genera de la Atmosfera, UNAM, 04510, Mexico, DF.) 
V. M. Mendoza, A. Ruiz, E. E. Villanueva, R. Garduffo, (Same address) 

A long-range forecasting technique, based on a physical model that emphasizes 
thermodynamics is applied to the prediction of anomalies of temperature and 
precipitation. Seasonal forecasts are initialized with the sea surface 
temperature, the 700 mb temperature and the surface snow-ice conditions. 
Recent verifications in Mexico, for the period from February 1981 to November 
1983, using a revised model, show a useful skill in the predictions, which 
depends mainly on the ocean temperatures. The best skill in predicting the 
precipitation anomalies, is obtained for the "El Nino" period especially for the 
summer, as has been confirmed by the recent predictions for the 1997 "El 
Nine-" period. 

FORECASTS FROM THE 1-H ASSIMILATION CYCLE IN THE 
40-KM RAPID UPDATE CYCLE 

S. G. Benjamin (1) and J. M. Brown (1) 
(l)"NOAA Forecast Systems Laboratory, Boulder, CO USA. 
benjaninOfsl.noaa.gov 

In support of different short-range forecast users including aviation and severe 
weather forecasting, a new version of the Rapid Update Cycle has been imple- 
mented in 1998 in the USA. This version features a 1-h intermittent assimilation 
cycle, as well as higher horizontal and vertical resolution and fairly advanced 
physics. Observation types assimilated on an hourly basis include wind profilers, 
RASS, boundary-layer profilers, surface stations/buoys, commercial aircraft, 
satellite precipitable water and satellite cloud-drift winds. The 40-km 1-h RUC 
continues to use an adaptive isentropic-sigma hybrid vertical coordinate, but 
now with 2 K isentropic spacing in much of the troposphere. Cycled variables 
include not just wind, temperature, and water vapor, but also mixing ratios for 
5 types of hydrometeors, soil moisture and temperature at 6 levels, and snow 
depth and temperature. Verification shows significant improvements in this new 
version of the RUC over the previous 60-km 3-h cycle version, especially in the 
lower troposphere. A comparison of 1-wind forecasts with 3-h forecasts valid at 
the same time shows fairly consistent improvement for winds, a weak improve- 
ment for upper-level temperatures, no change for moisture forecasts, and slight 
degradation for height forecasts. These results will be explained in the context 
of the data assimilated and analysis and initialization procedures. 

MODELING OF MESOSCALE PHENOMENA  ON PARALLEL 
AND VECTOR COMPUTER 

M. Andrejczuk 
Institut of Geophysics, Warsaw, Poland. 
mirekaOnimbus.igf.tu».edu.pi 

The computer time required for modeling the atmospheric phenomena increas 
rapidly with the numbers of grid points. In order to keep the computational 
time reasonably short it is nesesery to use e very fast computers. Additional re- 
duction can be achived using parallel computers. In this paper the performance 
of vector ( Cray YMP ) and parallel ( Cray T3E ) computer is compared using 
nonhydrostatic numerical model. 

REPRESENTING URBAN AREAS IN NUMERICAL WEATHER 
PREDICTION MODELS. 

M.J. Best (UKMO) 
Meteorological Office, London Road, Bracknell, RG12 2SZ, United Kingdom. 
mjbest@meto.gov.uk / Fax: +44 1344 856099 

As the fraction of the World's population that live in 
cities continues to grow, it is becoming increasingly 
important to be able to provide accurate forecasts for 
these environments. The development of the boundary layer 
over a city can also initiate mesoscale flows between the 
urban and surrounding rural areas, as well as having 
important effects for pollution dispersion both inside and 
downwind of the city. To be able to model these effects 
and provide accurate forecasts for a city, urban phenomena 
such as the urban heat island must be represented within 
numerical weather prediction models. 
Two schemes will be presented for the surface exchange 
from an urban area. The first is the traditional scheme 
which represents an urban surface in the same way as a 
bare soil surface, but with the surface properties 
appropriate for the urban environment. The second scheme 
considers the urban area as a canopy of concrete above the 
underlying soil. It will be shown that the canopy scheme 
can represent the thermal effects and evolution of the 
urban heat island better than the traditional bare soil 
scheme. 
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A MULTI-MODEL HYBRID APPROACH TO SEASONAL PRE- 
DICTION: OPTIMISING A PROBALISTIC FORECAST 

G. Brunet (1), H. Ritchie (2), R. Wang (3), G. Boer (4), F. Zwiers (5), J. 
Sheng (6), A. Plante (T), N. Gagnon (8), R. Vautatd (9), G. Plaut (10) and 1. 
Derome (11) 
(1,2,3) RPN, MRB, Dorval, Canada, (4,5,6) CCCMA, Victoria, Canada, 
(7,8) CMC, Dorval, Canada, (9) LMD, ENS, Paris, France, (10) INLN, Sophia- 
Antipolis, France, (11) McGill U., Montreal, Canada . 

Forecasting seasonal mean conditions one season in advance is commonly done 
using sophisticated general circulation (GCM) and/or statistical models. We 
have performed a series of historical ensemble seasonal forecasts for the period 
1969 to 1994 using the Canadian GCM and the NWP model currently used 
for global medium- and long-range forecasts at the Canadian Meteorological 
Centre. A series of statistical forecasts was produced for the same period in 
cross-validation mode with the two-step method proposed by Vautard et al. 
(1996). The geographical distribution of the skill of these models (dynamical 
and empirical) displays inhomogeneous inter-model differences which suggests 
that a hybridization of the outputs could improve the overall skill of the pre- 
diction. Here we present and illustrate a general linear regression method for 
blending predictions from different models in order to produce more skillful 
forecasts. The results in cross validation mode have shown improvement when 
the RMS-score was optimized and also results for an optimized percent correct 
score will be discussed for a probabilistic three-category forecast for surface air 
temperature and thickness for different seasons, lead times and variables. 

AN ADAPTIVE BUDDY CHECK FOR ON-LINE QUALITY CON- 
TROL OF OBSERVATIONS 

D. Dee, L. Rukhovets, A. da Silva and J. Larson 
Data Assimilation Office, NASA Goddard Space Flight Center. 
deeedao.gifc.nasa.gov 

The central component of the new GEOS-DAS on-line quality control system 
being developed at NASA's Data Assimilation Office is a buddy check, which is 
a test of individual suspect observations against available nearby non-suspect 
observations. A novel feature of this test is the fact that the error variances 
which are used for the quality control decisions are re-estimated on-line, fol- 
lowing Dee (1995). As a result, the allowed tolerances for suspect observations 
can depend on local atmospheric conditions. The system is then better able to 
respond to emerging synoptic features which the forecast model has failed to 
predict, insofar as local observations are available to trigger the response. 
In this talk we will describe the statistical framework for the adaptive buddy 
check, and present initial results obtained with the new system. 

Dee, D. P., 1995: On-line estimation of error covariance parameters for atmo- 
spheric data assimilation. Monthly Weather Review, 123, 1128-1145. 

SIMULATING MODEL UNCERTAINTIES IN ENSEMBLE PREDICTION 

R. Buizza, M. Miller, T. N. Palmer, and L. Isaksen 
European Centre for Medium-Range Weather Forecasts, Shinfield Park, Reading, UK. 
email: r.buizza@ecmwf.int 

The European Centre for Medium-Range Weather Forecasts (ECMWF) Ensemble 
Prediction System (EPS) is currently based on 51 non-linear integrations of a 
TL159L31 resolution model version, one (the 'control') from the 12Z unperturbed 
analysis, and 50 from the 12Z analysis perturbed along unstable directions. This 
design was based on the hypothesis that the medium-range numerical Weather 
Prediction problem is essentially an initial condition problem, and that analysis error 
is the main cause for forecast degradation. Recent investigations confirmed that 
uncertainties in the initial conditions dominate model errors, but indicated that also 
model error can affect forecast accuracy. Thus, at ECMWF a strategy is under 
investigation to simulate model uncertainties in the EPS. The ECMWF approach to 
simulating model uncertainties by stochastically perturbing the diabatic tendencies will 
be discussed, and preliminary results of the impact of parametrized model 
uncertainties on the ECMWF EPS statistics will be presented. 

A VARIABLE RESOLUTION STRETCHED GRTO DYNAMICAL CORE OF 
A FINITE-DIFFERENCE GCM WTTH A REAL OROGRAPHY: LONG-AND- 
MEDIUM-TERM INTEGRATIONS 

Michael Fox-Rabinovitz (1), Georgiy Stenchikov (1), Max Suarez (2), Lawrence 
Takacs (3), Ravi Govindaraju (3) 
(l)Department of Meteorology, University of Maryland, College Park, MD 20742, 
USA 
©Laboratory for Atmospheres, Goddard Space Flight Center, Greenbelt, MD 20771, 
USA, 
(3)General Sciences Corporation, 6100 Chevy Chase Drive, Laurel, MD 20707 
Tel.: 1-301-805-7953, Fax: 1-301-805-7960, foxrab@atmos.umd.edu 

The impact of introducing a real orographic forcing into a finite-difference GCM 
dynamicai core is investigated. The computational noise arising from grid irregularity 
is reliably controlled. A portable global stretched grid is designed. The medium-range 
integrations are performed with fine uniform resolution of 1,0.5, and 0.25 degree 
over the area of interest, a rectangle over the U.S. territory, and the benchmark 
long-term integrations with that of 2 degree. All the grids are stretching outside the 
area of interest to 4 or 8 degree with the total global stretching factors ranging from 
4 to 32. The stretched grid dynamical core integrations are validated against the 
corresponding fine uniform global resolution runs as the control ones. The results 
obtained for both the long-term and medium-range integrations show a striking 
similarity of the fields and patterns produced by the stretched grid integrations and 
those of the control runs over the area of interest and its large vicinity. It shows that 
the variable resolution stretched grid approach is a viable candidate for regional 
medium-to-long-term integrations. The development of the füll diabatic stretched grid 
GCM is underway. The stretched grid GCM will be used for regional and 
sub-regional climate simulations, and later for data assimilation. 

ESTIMATION OF ANISOTROPIC FORECAST ERROR CORRE- 
LATION PARAMETERS FOR THE GEOS-DAS OZONE ASSIMI- 
LATION SYSTEM 

D. Dee, I. Stajner and L. P. Riislwsjgaard 
Data Assimilation Office, NASA Goddard Space Flight Center. 
deeCdao.gsfc.nasa.gov 
The GEOS-DAS ozone assimilation system presently being developed at 
NASA's Data Assimilation Office involves explicit, parameterized observa- 
tion and forecast error covariance models. The latter are based on the flow- 
dependent, anisotropic correlation model proposed by Riishojgaard (1997). 
This model assumes that the correlation between forecast errors at two lo- 
cations depends not only on distance but also on the gradient of the ozone 
mixing ratio field. The parameters which describe this dependence can be es- 
timated from total ozone observed-minus-forecast residuals by means of the 
maximum-likelihood method (Dee and da Silva, 1998). Initial results obtained 
with TOMS data will be presented in this talk. 

Dee, D. P., and A. M. da Silva, 1998: Maximum-likelihood estimation of forecast 
and observation error covariance parameters. Part I: Methodology. Submitted 
to Monthly Weather Review. 

Riishojgaard, L.P., 1997: A direct way of specifying flow-dependent background 
error correlations for meteorological analysis systems. Tellus, in press. 

THE IMPACT OF DIABATIC INITIALIZATION ON THE STRATOSPHERIC 
DATA ASSIMILATION 

Michael Fox-Rabinovitz, Department of Meteorology, University of Maryland, 
College Park, MD 20742, USA tel.: 1-301-7953, fax: 1-301-7960, 
foxrab@atmos.umd.edu 

An efficient diabatic initialization is applied to the Goddard Earth Observing System 
(GEOS) 4-D Data Assimilation System (DAS), with a special emphasis on the 
impact on stratospheric fields and diagnostics. The initialization procedure is based 
on the application of the iterative Euler or "super-Matsuno" scheme as a highly 
selective filter. Within the diabatic initialization approach the model itself is used as 
a balancing mechanism. Only forward diabatic model integrations are used for 
initilization. The new 70-layer GEOS GCM extending to 0.1 hPa is used within the 
DAS. The diabatic initialization technique appears to be a usefull tool for improving 
stratospheric analyses, diagnostics, and medium-range forecasts. It controls reliably 
non-meteorological oscillations and spin-up effects resulting from initial imbalances. 
Stratospheric analysis errors are reduced by applying diabatic initialization. 
Initialization affects positively not only the instanteneous analyses but also the 
monthly mean ones and the major characteristics of the stratospheric circulation what 
is important for a climate DAS. The atmospheric chemistry transport experiments 
show improvements due to using initilized winds. Ten day stratospheric forecast 
scores are improved when using initialized initial conditions. The developed 
initialization method is computationaly efficient and easy to implement to different 
troposphere-stratosphere global and regional DASs. 
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A 3-DIMENSIONAL VARIATIONAL DATA ASSIMILATION FOR 
HIRLAM 

N. Gustafsson (1), M. Lindskog (1), L. Berre (2), B. Navascues (3) and X.-Y. 
Huang (4) 

(1) Swedish Meteorological and Hydrological Institute, S-601 76 Norrköping, 
Sweden, (2) Meteo France, 42 Avenue Coriolis, F-31057 Toulouse, France, 
(3) National Meteorological Institute, C. de las Moreras 2/u, ES-28040 Madrid! 
Spain, (4) Danish Meteorological Institute, Lyngbyvej 100, DK-2100 Copen- 
hagen 0, Denmark. 

A 3-dimensional variational data assimilation (3DVAR) for the HIRLAM (High 
Resolution Limited Area Model) has been developed. This 3DVAR includes a 
background constraint and an observational constraint, both being the subject 
to a minimization algorithm. A weak geostrophic balance condition is applied 
by treating the mass field increments (temperature, logarithm of surface pres- 
sure and specific humidity) and ageostrophic wind increments as control vari- 
ables. Isotropie and non-separable structure functions are modelled by means 
of spectral transforms in the horizontal and projection on eigenvectors of back- 
ground error covariance matrices in the vertical. Observation operators have so 
far been developed for conventional data and a few types of satellite data. A 
variationally based quality control has been introduced with the aim to reject 
erroneous observations. A general presentation of the HIRLAM 3DVAR will be 
given, supplemented by single station impact studies to illustrate the structure 
functions. 

TESTING OF AN EXPLICIT SUBGRID-SCHEME WITHIN THE 
DEUTSCHLAND-MODEL 

Martin Klinasoohn. Nicole Mölders, Armin Raabe 
Institut für Meteorologie, Universität Leipzig 
Stephanstr. 3, 04103 Leipzig, Germany 

An explicit subgrid-scheme for the mesoscale has been modi- 
fied and tested for the Deutschland-Model using the soil and 
surface physics of this model. This scheme will be described 
and first results will be presented. The results of simulations 
with and without consideration of subgrid-scale heterogeneity 
substantiate that the partitioning of the atmospheric radiative 
and moisture forcing at the surface as well as cloud and pre- 
cipitation formation can significantly be affected by the subgrid- 
scale landuse characteristics. Compared to the use of homo- 
geneous surface conditions within a grid cell and, hence, ho- 
mogeneous precipitation, evapotranspiration and soil wetness 
conditions, the parameterization of subgrid-scale precipitation 
and evapotranspiration presented here leads to a more realistic 
description of hydrological processes. 

A COMPARISON BETWEEN THE HIRLAM OI AND THE 
HIRLAM 3DVAR SYSTEMS 

Xiang-Yu Huang (1), N. Gustafsson (2), M. Lindskog (2), L. Berre (3) and 
B. Navascues (4) 
(1) Danish Meteorological Institute, Lyngbyvej 100, DK-2100 Copenhagen 0, 
Denmark, (2) Swedish Meteorological and Hydrological Institute, S-601 76 
Norrköping, Sweden, (3) Meteo France, 42 Avenue Coriolis, F-31057 Toulouse, 
France, (4) National Meteorological Institute, C. de las Moreras 2/u, ES-28040 
Madrid, Spain. 

The HIRLAM optimum interpolation (OI) system has been in operational use 
for many years in the HIRLAM member countries. In 1995, we started the 
development of the next generation data assimilation system. The HIRLAM 
3-dimensional variational data assimilation system (3DVAR) is ready for real 
data experiments. In this study, an intense cyclone development case is chosen 
to compare the performances of the operational and the new systems. Fit to 
observations, fit to background fields and balance characteristcs with regard to 
proceeding model integrations are investigated. While the analysis increments 
produced by the two systems are similar to each other, the HIRLAM 3DVAR 
results in better balanced analyses compared to the HIRLAM OI analyses. 

RIPPi A NEW FORECAST PRODUCTION SYSTEM FOR IN- 
CREASED EFFICIENCY AND AUTOMATIZATION IN SWE- 
DEN 

O.-Lindh and S. Nilsson (Swedish Meteorological and Hydrological Institute, 
S-60176 Norrköping, Sweden) 

The Swedish Meteorological and Hydrological Institute (SMHI) has recently 
modernised its observing system (OBS2000), and during spring 1997 a new 
Mesoscale analysis (Mesan) system has been implemented. The modernisation 
programme is now concentrated on the development of improved processing 
and communication, forecast tools and procedures (automation), and in a near 
future also on dissemination systems. The work will culminate in 1998 in the de- 
ployment of RiPP (Rationalization in the Production Process). One of the main 
components in the forecasting system is the real-time database, which includes 
all basic information; observations, analyses and different forecast guidance in 
gridded forms. In a specific forecast database special key parameters or sensible 
weather parameters will be monitored manually. Values in this database will 
be updated with information derived directly from the real-time database. The 
forecaster will modify and maintain the forecast database to create a certain 
quality of the future state of the atmosphere in the defined forecast area. A 
variety of forecast products will then be generated more or less automatically 
from these databases. The new production system will be implemented during 
1998. 

SIMPLIFIED  VARIATIONAL  DATA  ASSIMILATION  TECH- 
NIQUES WITH A LIMITED AREA MODEL 

X.-Y. Huang (1), N. Gustafsson (2), E. Källdn* (2) and S. Thorsteinsson (3) 
(1) DMI, Lyngbyvej 100, DK-2100 Copenhagen, Denmark, (2) SMHI, S-60176 
Norrköping, Sweden, (3) Vedurstofa (IMO), Bustadavegi 9, IS-150 Reykjavik, 
Iceland. 

A regional weather prediction system (HIRLAM) has been modified to include 
a variational component in the data assimilation system. The original data 
analysis of the model is based on optimum interpolation (OI), the purpose of 
this work is to explore how variational methods may be used to improve the 
basic OI system. We do this by first determining forecast error structures and 
then use the variational technique to construct corrections to the initial state 
and the lateral boundary forcing which decreases the forecast error. In a few 
data assimilation experiments we show how a combined OI/variational system 
improves forecast performance compared to the original OI system. The main 
idea is to do the OI analysis in two steps, where the deviation between the first 
guess and analysis fields in the first step is used to determine a new first guess 
field which is used for a second OI analysis. We also find that some forecast 
errors can be corrected by adjusting the boundary forcing fields. In determining 
lateral boundary forcing corrections we see clearly that the presently used lat- 
eral boundary condition in HIRLAM is ill posed, which limits the applicability 
of the variational technique. 
* also at Department of Meteorology, Stockholm University, S-10691 Stock- 
holm, Sweden 

THE PERFORMANCE OF THE HIRLAM MODEL IN THE 
TROPICS AND SULPHUR TRANSPORT STUDIES BASED ON 
ITS FORECASTS 

M. Lindskog (1) and M. Engardt (2) 
(1) Swedish Meteorological and Hydrological Institute, S-601 76 Norrköping, 
Sweden, (2) Private Bag No. 1, Aspendale 3195, Australia. 

The high resolution limited area model HIRLAM was applied over a tropical 
area including India, Indonesia and the Indian Ocean. The model was run with 
a horizontal resolution of 0.4 times 0.4 degrees and with 31 vertical levels. 
A semi-implicit Eulerian time integration scheme was used and the forecasts 
were run without any initialization. Forecasts from the HIRLAM model were 
used for sulphur studies with the transport/chemical model MATCH (Meso- 
scale Atmospheric Transport and Chemistry modelling system). It was used to 
compare modelled wet- and dry deposition of anthropogenic sulphur species in 
India and South-East Asia with measurements performed in the region during 
the simulation period. The performance of the HIRLAM model, which has 
earlier mainly been used in the mid-latitudes of the northern hemisphere, over 
an area in which both the equator and part of the Himalayas were included 
showed up to be encouraging. A good quality of the HIRLAM forecasts is 
essential for successful simulations of sulphur transport and hence the results 
from the transport/chemical model studies give an indication of the quality of 
the performance of the HIRLAM model in the tropics. 
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ENHANCED RESOLUTION IN THE UK METEOROLOGICAL 
OFFICE OPERATIONAL NWP SYSTEM 

S. J. Lorrimer and S. F. Milton 
NWP Division, UK Met Office, London Road, Bracknell, Berkshire, RG12 2&Z, 
UK.. 
»loxrinerft..to.goT.x*/F«x: [44] 1344 8S4412 
By the end of 1997 the UK Meteorological Office will upgrade the resolution of 
its operational global NWP forecast system from 19 to 30 vertical levels and 
from 90km to 60km in mid-latitudes. We will show that changing the model 
resolution has lead to extensive improvements in the model performance. In par- 
ticular systematic errors in temperature, moisture, momentum and mass fields 
have all been improved. Using budget diagnostics we will discuss the physical 
mechanisms which have lead to these improvements. Additionally, objective 
and subjective verification of forecasts «hows that the forecasts generated by 
the enhanced resolution system are typically superior to those generated at 
standard resolution. 

Implementation of the mos technique for improved mesoscale forecasts 

Malgorzata Melonek, IGF UW, Bogumil Jakubiak, ICM UW 
Institute of Geophysics, Warsaw University, Pasteura 7, 02-093 Warsaw, Poland, 
Interdisciplinary   Centre   for   Mathematical   Modelling,   Warsaw   University, 
Pawinskiego 5a, 02-106, Warsaw, Poland . 
e-mail:   HYPERLINK   mailto:mmelonek@icm.edu.pl      mmelonek@icm.edu.pl, 
HYPERLINK mailto:jakubiak@icm.edu.pl jakubiak@icm.edu.pl 

The output from mesoscale version of the Unified Model taylored to Poland area 
(UMPL model) has been used to derive regression equations for forecasting the 
surface weather variables. 150 days long dependent sample for selecting predictors 
were verified on 30 days independent sample by a cross-validation method. 
Predictors were selected using the screening regression. Results, applied for such 
surface parameters as a maximum and minumum temperature, wind, cloud amount 
and probability of precipitation will be presented for selected stations from Central 
Europe area. The quality of the MOS results will be compared with statistics from 
direct model output and verified against observations. 

ON DEVELOPMENTS AND PERFORMANCE OF A SITE SPECIFIC 
FORECAST MODEL 

P.E. Maisev (UKMO) 
UK Meteorological Office, London Road, Bracknell, RG12 2SZ, United Kingdom 
pemaisey@meto.gov.uk / Fax: +44 1344 856099 

The Site Specific Forecast Model (SSFM) is based on the single column version 
of the UKMO Unified Model, driven by output from the Mesoscale model (MES). 
Vertical resolution of the SSFM within the boundary layer is four times that of the 
MES. ' 
The SSFM includes a fully interactive soil and surface scheme and a tile scheme 
to represent sub-MES gridbox surface turbulent exchange using high resolution 
land-use data. The impact of local orography is also taken into account. 

Assessment of the performance of the SSFM was carried out over a trial period 
coincident with the OpenRoad season, during which forecasts of road surface 
temperatures and icing predictions are produced for local government authorities. 
The model was run for a number of locations, including OpenRoad sites, civil and 
military airfields and research sites. Results of the trial are presented along with 
comparisons between standard OpenRoad output and that obtained from coupling 
the UKMO Road Surface Temperature model to the SSFM. 

ANY IMPROVEMENTS OR TRENDS IN THE QUALITY 
OF FINAL WEATHER FORECASTS ? 
- Results based on verifications over the past 20 years 

Pertti Nurrni 
(Finnish Meteorological Institute, pertti.nurmi@fmi.fi) 

The ultimate goal in the development of various forecasting techniques 
(NWP, nowcasting, statistical forecasting etc.) should be aimed at the 
improvement of the quality of final weather forecasts produced for the 
benefit of the society. Such potential improvements can only be dis- 
covered and measured by reliable and comprehensive verification means 
based on extensive and representative datasets. 

The ECMWF started to produce operational NWP guidance to the 
weather services of its member states effectively in the early 1980s. The 
HIRLAM model's operational production was started in 1990. An oper- 
ational real-time forecast verification system was implemented at the 
Finnish Meteorological Institute (FMI) in the mid 90s - the system pro- 
vides instant feedback to duty forecasters of the quality of their own 
final weather forecasts, as well as of the quality of guidance forecasts. 

Do these - or sortie other - milestones also show up in the verifi- 
cations of final weather forecasts? Verification datasets of temperature, 
precipitation and cloudiness have been built up at the FMI since the late 
1970s. Such topics will be covered - and questions answered - based 
on these data!" 

ON THE WIND SPEED DEPENDENCE OF MOMENTUM, SEN- 
SIBLE HEAT AND MOISTURE EXCHANGE COEFFICIENTS 
OVER SEA IN THE 3-D HIRLAM 

V. Makin (1) and V. Perov (2) 
(1) Royal Netherlands Meteorological Institute, P.O. 201, 3730 AE De Bilt, 
The Netherlands, (2) Swedish Meteorological and Hydrological Institute, Folk- 
borgsvägenl, S-601 76, Norrköping, Sweden. 
makinOknni.nl/Fax: [31] 30-210-407 
Test of the specification of exchange coefficients CH.E for air-sea interaction 
has been done in 3-d HIRLAM for some storm case studies. A new formulation 
of CHE = aCr/2 's compared with the reference version CH.E = Co- It was 
found that sensible and latent heat fluxes are smaller for the new specification. 
The new formulation also yields a more realistic vertical profile of temperature 
and moisture over sea and in coastal area. 
The role of spray (surface waves break and eject spray into the atmosphere) 
is studied also in 3-D HIRLAM. The spray droplets evaporate and change the 
balance of sensible and latent heat fluxes in the marine boundary layer. The 
effect of the spray on the fluxes can be comparable to a direct turbulent flux 
at wind speed of about and above 25 m/s. The sign of the sea spray meditated 
fluxes depends on stratification of the marine boundary layer. 

IMPLEMENTATION OF THE NONLOCAL VERTICAL 
DIFFUSION SCHEME BASED ON E - e APPROACH 
IN 3-D HIRLAM 

y. Perov and K.-I. Ivarsson (Swedish Meteorological and Hydrological 
Institute, Folkborgsvägen 1, S-60176 Norrköping, Sweden) 

The parameterization scheme of subgrid-scale vertical turbulent fluxes 
on base of the nonlocal E - e approach has been developed and installed 
in 3-D HIRLAM. This uses two full prognostic equations for E and e, 
including horizontal and vertical advection for E, e and no mixing length 
assumption. A stable implicit numerical method of a Crank-Nicholson 
type has been developed for the E, e prognostic equations in the vertical. 
Some case studies based on results of 36 hours weather forecasts by 31 
vertical levels and 0.3° horizontal resolution HIRLAM model (versions 
2.7 and 4.1) are described. The main attention in these experiments 
were: verification of model data against observations, the role of the 
advection of E, (. and the role of the nonlocal turbulence terms. The 
results of two parallel runs for a summer and winter 2-weeks period are 
discussed. The proposed new scheme demonstrate advantages against 
the first order K-theory scheme in numerical weather forecasts. 
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FRENCH STATIONS TEMPERATURES EMPIRICAL FORECASTING 
AT SEVERAL TIME SCALES USING SPACE-TIME PRICIPAL 
COMPONENTS. 

Q. Plaut (Inst. Non-Uneaire de Nice, 1361 route des Lucioles, F-06560 
Valbonne, France) 
plaut@jnln.cnrs.fr / Fax (33) 04 93 65 2517 

The Space-Time extended Principal Component (ST-PC) empirical 
forecasting models, as proposed by Vautard & al. (1996) are applied to 
Surface Air Temperature prediction over France. A wide range of time scales 
is investigated, from daily to seasonal. Both Sea Surface Temperatures 
(SST, for the larger time scales) and Atmospheric Geopotential Heights 
predictors (for short range as well as for long range forecasts) are 
considered. Predictors are filtered through Multi Channel Singular Spectrum 
Analysis (MSSA) with various window length, from week or less, up to year. 
Predictability at various time scale Is systematically investigated all along the 
year, as well as its dependence over lead time and the MSSA window 
length. 

The skill Is also compared with that of empirical forecasts using other 
statistical techniques, like CCA. 

NONHYDROSTATIC EXPERIMENTAL VERSION OF THE 
HIRLAM 

R. Room (1), N. Gustafsson (2), K.-I. Ivarsson (2) and A. Männik (1) 
(1) Tartu Observatory, EE2444 Töravere, Tartumaa, Estonia, (2) Swedish Me- 
teorological and Hydrological Institute, S-601 76 Norrköping, Sweden. 
roomCaai.ae, ngustaffsonCsmhi.se 

The high-resolution (Ax, Ay = 11 and 5.5 km), nonhydrostatic, exper- 
imental version of the limited area model HIRLAM is in the development. 
The employed nonhydrostatic model is based on the complete, nonhydrostatic, 
pressure-coordinate equations, from which acoustic component is filtered with 
the help of Salmon-Smith approximation, and which is reformulated for the 
hybrid-sigma-coordinate case. The advantage of the model is that it maintains 
the existing hydrostatic version entirely unchanged, but adds an additional 
equation, which in essence is a Poisson equation for the nonhydrostatic geopo- 
tential height: At the long-scale limit, solutions of this equation coincide with 
the ordinary hydrostatic geopotential height of the hydrostatic primitive equa- 
tion model. Boundary conditions for the additional equation are: the induced 
by the rigid surface Neumann condition at the bottom, radiative conditions at 
lateral boundaries and the finiteness condition at the top. The last condition 
yields adjusted ground pressure field, and thus, it yields the filtering of external 
acoustic modes. 

VALIDATION OF NUMERICAL ADVECTION SCHEMES VIA 
SIMULATIONS OF BAROCLINICALLY UNSTABLE FLOW IN 
THE LABORATORY 

P. L. Read and N. P. J. Thomas 
University of Oxford, Atmospheric, Oceanic & Planetary Physics, Clarendon 
Laboratory, Parks Road, Oxford, UK 0X1 3PU. 

In developing advanced numerical models for use in weather prediction, it is 
essential to ensure that systematic errors in the model formulations are min- 
imised, or at least well characterized. The verification of numerical techniques 
used in such models is especially difficult, however, from atmospheric observa- 
tions. Laboratory experiments on rotating, baroclinically unstable flows can be 
carried out under well controlled conditions, and well resolved spatio-temporal 
measurements e.g. of velocity and temperature can be made. Furthermore, nu- 
merical simulations of such flows also require no controversial parametrizations, 
so that attention can be clearly focussed on validating the resolved components 
of the simulation. In the present work, various forms of semi-Lagrangian ad- 
vection have been incorporated into a numerical model of baroclinic flow in 
a rotating, cylindrical annulus. Cases will be presented comparing simulations 
of fully 3D baroclinic flows which use semi-Lagrangian schemes for tempera- 
ture and/or momentum advection with those using more conventional Eulerian 
schemes, and with high precision measurements of velocity, temperature and 
heat transport in the laboratory, with emphasis on the determination of sys- 
tematic errors associated with finite resolution and the choice of numerical 
scheme. 

FORhCASTINCiMOMlin I'RFC'll'l I.VI ION UN TERRITORY 
OF CENTRAL ASIA USINd SiA'l ISMCAI. MF.TIIODS 

I.Yu.Speetorman(('eminl AM.III Research llvdromelcorologlcal 
Institute. 72. K  Makhsiimm   sir. 7IMI0S?. ' J iislikciit. Uzbekistan) 
Iv-miiiI: snnignii(«!(>imci.eov.u/ 

'I he torciHMiny methods sin- l>:is>'il mi ihr discriminant aud i egression 
analysis. Initial predictoi* are the v;iluc. i>f •unlace temperature and 
pressure in 3D correlative independente points of Northern Hemisphere. 
Prcdiclnnt.s arc Ihc notmali/ed value of monthly lotal precipitation of 
reference stations. I'oiccasliue method is adaptive, livery time all 
parumelrs and prognostic lcleshionsliip» MH-II an quantili's. regression 
cqations. discriminant I mm ions cit- an- calculated taking into account 
recent dnta. Prognostic value.» oi (he monthly piecipiiaiiun are given in 
Sfadations "below norinal".'normul" (SO liw..).";!bi>vc normal". The 
forecasts are given usinu both discriminant function and regression 
equations lor each month ami station  These forecast», are averaged. 

The method lake into account the asymmetry of probability 
distribution of monthly precipitation on Central Asia. For the months 
with the considerable asymmetry lite fuR-castlng gradation is defined 
using discriminant I'uneiimi or In recession ei|iiatM>ns calculated on the 
"moisture sample" with i lie CM option o! the "dry" cases 

Forecasts calculated i>\ ihis method arc used in operational practice at 
llydrometcoiolo(!ieal Centre ol I /bckislan. 

AN  EFFICIENT  METHOD  FOR ESTIMATING  THE  ERROR 
VARIANCE OF A METEOROLOGICAL ANALYSIS 

L. P. Riishojgaard 
Joint Center of Earth Systems Technology, Baltimore, MD. 

Estimating the analysis error variance, i.e. the diagonal of the analysis error 
covariance matrix, is an important problem in numerical weather prediction for 
two reasons: (i) estimating the reduction of error variance due to the ingestion 
of new information (i.e. the analysis step) is a necessary link in the chain for 
any cycling data assimilation system; (ii) when the analysis itself is the primary 
product of the assimilation - e.g. in reanalysis projects - an accompanying esti- 
mate of the size of its error increases its value significantly. Modern assimilation 
methods, such as 3/4D-VAR, SSI, and PSAS, cannot provide an estimate of 
this quantity, since the analysis weights are not evaluated explicitly. The diag- 
nostic analysis error covariance equation of the Kaiman filter therefore cannot 
be used directly. We present an efficient algorithm for generating a conservative 
estimate of the diagonal of the analysis error covariance matrix. We will show 
that in a simple, but realistic example problem, the method is able to capture 
most of the physical structure of the variance reduction at a small fraction of 
the cost of the corresponding Kaiman filter equation. 

NUMERICAL MODELISATION OF STORM DYNAMICS, PRECIPITATION 
AND ELECTRISATION. 

C. Thiry, E. Defer, R. Solomon, ONERA - Univ. of Washington 

We use a 1,5D axisymetric storm model to reconstruct the evolution of a Florida 
typical summer storm, that is its dynamical, microphysical and electrical behaviour. 
Every time step (4 s), the axial vertical electric field is calculated, and a lightning 
parametrisation based on thresholds give us the lightning flashes rate, their vertical 
extensions, and the dissipative effect on electrical charge densities. Our reconstruction 
of a Florida storm is compared to Doppler radar and 3D VHF interferometric lightning 
observations; the relation between the evolutions of dynamics, precipitation and 
lightning activity are analysed using the modelling results. The most intense electrical 
activity is found just after the end of the main updraft, when the large ice particles 
begin to fall through the charging zone of the cl This first high activity stops when the 
LWC in this zone becomes too low. Lightning flashes change from short, high altitude, 
high frequency ones to long, less frequent ones. This model is also applied to some 
french stormy situations. 
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ESTIMATING   ANALYSIS   ERRORS  WITH   THE   PHYSICAL- 
SPACE STATISTICAL ANALYSIS SYSTEM 

R. Todling (1), J. Guo (1), L. P. Riishajgaard (2) and A. M. da Silva (3) 
(1) NASA/DAO/General Sciences Corporation, Greenbelt, MD 20771, USA, 
(2) NASA/DAO/Joint Center for Earth Systems Technology, University of 
Maryland, MD 21250, USA, (3) NASA/Goddard/DAO, Greenbelt, MD 20771, 

USA. 
todlingedao.gsfc.nasa.gov/Fax: [+1] 301 805 7960 

A few years ago NCEP and ECMWF converted their analysis systems from an 
optimal interpolation (01) scheme to 3-dimensional variational spectral statis- 
tical interpolation (3dVarSSI) schemes. One of the purposes of this change was 
to have a data assimilation system capable of performing global analysis, thus 
avoiding one of OI's major weaknesses, that is, being local due to computa- 
tional requirements. In the same spirit, the NASA/Data Assimilation Office has 
changed its OI to the physical-space statistical analysis system (PSAS), which 
is a variant of the 3DvarSSI schemes, operating in physical-space instead of 
spectral space. Although both approaches represent an improvement over OI, 
contrary to OI they have the drawback of not easily allowing for an estimation 
of the analysis error standard deviations. 
In this presentation we propose practical schemes to provide estimates of the 
analysis error standard deviations in the context of PSAS. All the schemes stud- 
ied correspond to different truncations of the analysis error covariance matrix, 
or parts of it, in eigenmode space. We examine the reliability and computational 
feasibility of these schemes. 

METEOROLOGY FOR THE 1997 WORLD CHAMPIONSHIP OF ALPINE SKI 

E. Turroni (1), M. Cordola (t),R.Pe1oiiini (2), P. Bonelli (3) 
(l)Servizio Meteoidrografico Regione Piemonte (2)CSI (3)ENEL-CRAM 

On occasion of the World' Championship, held on February 2"d-15111 1997 in 
Sestriere (TO-Italy), the Piemont Region provided an informative service to the 
organising committee, the service companies, the sport technicians and the public 
regarding the snow-meteorological conditions and forecasts. An operative Service 
from 6 a.m. to 8 p.m. granted the emission of 4 meteorological bulletins, and 2 snow 
condition and local avalanche bulletins per day. The weather forecasts were 
elaborated in collaboration with the National Electricity Board of. Italy (ENEL). A 
preliminary study about local climatology was performed to optimally locate the 
new snow-meteorological stations in the area and to analyse the variability of the 
local parameters. The tools available at Sestriere to produce the weather prediction 
were the output of meteorological models (the global ECMWF model and Mephysto 
LAM used at higher resolution) and the wind-field rebuilt by a mass-consistent 
model over an orographically very complex zone. Other post-processing statistical 
models to forecast short term parameters (air and snow temperature, wind, relative 
humidity) were used over the race area after a tuning period. The satellite images 
and the ground stations placed on purpose, allowed to carry out an accurate service 
of nowcasting and monitoring of the weather. A survey of the physical surface 
characteristic of the snow blanket was performed several times per day while a daily 
stratigraphical analysis of snowpack provided sporting teams with information about 
the ski-run snow and the organisation with an indication to keep the ski area safe 
from avalanche danger and to better manage the sporting event. 

ON THE RELATIVE MERITS OF INCREASING MODEL RESOLUTION 
VS. RUNNING AN ENSEMBLE 

Z. Toth*. Y. Zhu1, G. lyengar2, T. Marehok1, and E. Kalnay 
(EMC/NCEP/NWS/NOAA, Washington DC 20233 USA) 

Comprehensive objective verification statistics for the NCEP global ensemble 
forecasts will be compared to those for the NCEP high resolution (T126) MRF 
control forecasts. Note that the generation of a 10-member T62 ensemble of 
forecasts require as much CPU as that of a T126 control forecast so the com- 
putational cost of the compared two forecast systems is equal. As far as the 
accuracy of the forecasts is concerned, the pattern anomaly correlation for the 
ensemble mean becomes higher than that of the high resolution control at and 
beyond 96,60, and 120 hours for the Northern extratropics (NH), Southern ex- 
tratropics (SH), and Tropics (TR), respectively. Accuracy alone, however, mea- 
sures only one aspect of a forecast system. Distribution characteristics that ad- 
dress the quality of probabilistic forecasts, such as ranked probability skill 
score, relative operating characteristics and information content, measure the 
performance of forecast systems in a more complex way (evaluating accuracy 
as welt). In these different measures the ensemble mode forecast, which is for- 
mally comparable to probabilistic forecasts that we generated from the control 
forecasts, show higher quality than the control at and after 24-84 (NE), 12-24 
(SE) and 12 (TR) hours of integration. These results indicate that even if the 
accuracy of the high resolution control forecast is considerably above that of 
the lower resolution ensemble (as is the case in the tropics), the overall utility of 
the ensemble mode forecast, as indicated by the distribution measures, can be 
considerably higher than that of the MRF control. This is because the ensemble 
forecasts can reliably distinguish between more and less predictable situations 
(that cannot be achieved with a single control forecast). 
1. QSC (Laural. MD) at NCEP; 2. National Cwittr tor Maolum Hang» waattiar Forecasting. Na* Oalh), Incfia 

ADVANCES IN THE COUPLING OF PHYSICAL PARAME- 
TERIZATIONS WITH THE "DYNAMICS" IN A GLOBAL NWP 
MODEL 

Nils Peter Wedi. meteorologist ECMWF 
nils.wedi@ecmwf.int 

The physical parameterizations in global forecast models are com- 
monly computed separate from the dynamic equations. This is due to 
the diffusive nature of the mostly parabolic type equations in those 
parameterizations. In order to solve the dynamic equations the semi- 
Lagrangian advection is widely used. The accuracy of this approach 
depends on the choosen estimate for the trajectory calculation. The tra- 
jectory calculation of the IFS model at ECMWF is second-order accu- 
rate. However, the physical parameterizations included in the model 
equations are only first order accurately incorporated. Averaging the 
physical tendencies "along" the semi-Lagrangian trajectory a second- 
order accurate solution is achieved which has been implemented into 
the current version of the IFS at ECMWF. Results will be present 
showing a significant impact on both accuracy and apparent noise in 
the medium range. In a case study of the tropical storm Erika using a 
high resolution model with T639 truncation the geographical position 
is better represented if the second-order accurate solution is applied. 
Numerical noise leading to a reduction of the operationally used time- 
step in the IFS model is drastically reduced. Furthermore, some cli- 
mate studies have been conducted to investigate the impact on the sea- 
sonal scale. 

I 
OA26        Will the probabilistic approach be the 

future for numerical weather predictions? 

Convener: Buizza, R. 
Co-Convener: Toth, Z. 

AN ECONOMICAL ALTERNATIVE TO FOUR-DIMENSIONAL 
VARIATIONAL ASSIMILATION 

F. Brini, C. Pasquero and A. Trevisan 
FISBAT - CNR, via Gobetti 101, 40129 Bologna, Italy. 

A conceptually simple and computationally inexpensive method of performing 
a 4dim type of assimilation is presented. The method is tested in a simple 
model and shown to be efficient in reducing analysis and forecast error. 
It consists of the following steps to be iterated at each analysis time: among an 
ensemble of forecasts compatible with the uncertainty in the initial conditions, 
the forecast that best approximates the available observations throughout the 
time interval between two analysis is used as a first guess for the following 
analysis. An updated ensemble is then constructed by adding and subtracting to 
the analized field the perturbations that have grown the fastest in the previous 
cycle. 
The procedure is aimed at finding the state compatible with the dynamics of 
the model that is closest to the true state rather than forcing the model to 
readjust to the real data once the forecast has already diverged from the true 
trajectory. Furthermore, by perturbing the analysis along unstable directions 
it is possible to keep track of and reduce the forecast error. The method has 
also the advantage that in the operational mode all observations - conventional 
or not and at irregular time intervals - can be used to diagnose which forecast 
best approximates reality. 
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ENSEMBLE PROPERTIES OF CUMULUS CONVECTION - 
SOME INFERENCES FROM STATISTICAL MECHANICS 

G.C. Craig 
Dept. of Meteorology, University of Reading, PO Box 243, Reading RG6 6BB, 
UK. 
G.C.CraigCReading.ae.uk/Fax: +44 118 931 8905 

When developing ensemble prediction methods for probabalistic forecasting of 
precipitation, it is likely to be useful to have estimates of the variability within 
a single grid box of the numerical model. This information is not normally 
provided by the cumulus parameterizations used in operational models. Given 
the constraints on the convective clouds from the large-scale flow, elementary 
arguments from statistical mechanics can be used to predict the size distribu- 
tion of the clouds and their typical spacing. The magnitude of the fluctuations 
in grid box-averaged quantities can then be predicted when the size of the grid 
is not much larger than the spacing between the clouds, For the simple case 
of quasi-equilibrium convection (constrained by the requirement that creation 
of convective available potential energy (CAPE) by the large-scale flow is ap- 
proximately balanced by its destruction by the convection) it is shown that the 
distribution of cloud sizes peaks at the smallest scales, while the magnitude of 
the fluctuations in averaged quantities is inversely proportional to the square 
root of the area of the region. Some of these predictions have been verified in 
simulations using cumulus ensemble models. 

EXISTENCE AND PREDICTABILITY QUASISTATIONARY 
CIRCULATION REGIMES. 

I.N. Esau 
Institute of Numerical Mathematics, Moscow, Russia. 
igoraaaueinm.raa.ru/Fax: [+7 095] 938 1821 

Quasistationary circulation regimes were distinguished in atmospheric 
circulation and used for the examination of atmospheric states and weather 
predictability. Here quasistationary circulation regimes (QRs) are denned 
as large-scale and persistent anomalies of the atmospheric flows, which are 
localized in the same regions and are repeated many times in the season. 
The extraction of regimes was carried out by means of the new method 
of hierarchical cluster analysis. The observation study revealed that it is 
impossible to present the atmospheric circulation over the whole Northern 
hemisphere as an alternation of the QRs. However, such sequences of the 
regimes really existed in two vast regions, like Atlantic-European and Pacific. 
The model of the atmosphere general circulation of the Institute of Numerical 
Mathematics (Russia) was used for an investigation of statistical and dynamical 
properties of the QRs. The treatment of numerical experiments has shown that 
an interaction between the atmosphere and ocean determines significantly both 
a localization and a duration of the QRs. A sensitivity of the atmosphere with 
respect to perturbations of initial states was considered apart for the periods 
of transitions between regimes and for each of regimes, singular vectors was 
applied for The growth rate of such perturbations turned out to be considerably 
less within the QRa as compared with transitional periods. 

LONG-RANGE PROBABILISTIC FORECASTS IN MULTIMODEL 
ENSEMBLES 

F. J. Doblas-Reves and M. DequS (Centre Nationale de Recherches 
Meteorologiques, Meteo-France, 42 Av. Gustave Coriolis, 31057 Toulouse Cedex, 
France) 

In the framework of the PROVOST project, the European seasonal prediction 
experiment, four long-lead ensemble forecast experiments with prescribed SST 
have been carried out. Each experiment has been made with a different GCM: the 
ECMWF, ARPEGE-CLIMAT (with two different horizontal resolutions), and 
UKMO models, all integrated from common initial conditions. One of the 
possibilities of using these forecasts is to consider each model separately. A further 
possibility is the combination of the different models in a whole ensemble. This 
increases the size of the ensemble, providing a good test field for probabilistic 
forecasts in seasonal prediction because of the increased ability in estimating the 
forecast probability distribution function. Furthermore, the combination presents 
the advantage of taking into account the role of the model in the forecast 
divergence. 

The skill and spread of each model in one-month lead seasonal forecasts 
has been verified from both a deterministic and probabilistic point of view by 
using the anomaly correlation coefficient and the ranked probability skill score, 
respectively. All of the models exhibit some skill in the seasonal range. The skill 
of the multimodel approach has also been evaluated and compared to results from 
each single model in order to assess if there is a significant gain for probabilistic 
forecasts in this approach. 

TOWARDS INTERNALLY CONSISTENT ENSEMBLES IN NWP 

I. Gilmour and L. A. Smith 
Mathematical Institute, University of Oxford, 0X1 3LB, U.K. 
gilmourCmaths.ox.ac.uk 

Ensemble forecasting schemes often require the selection of a relatively small 
number of initial conditions in a comparativiely high dimensional space. Com- 
peting approaches include selecting initial conditions which are (i) constrained 
to a subspace defined on dynamical grounds (e.g. the subspaces spanned by 
leading singular vectors or bred vectors), or (ii) unconstrained by the dynam- 
ics, or (iii) similar, but run under different models. 
Consistency tests for constrained ensembles are presented. Formulation of con- 
strained ensembles may depend upon the linearized dynamics (linearized about 
the control); internal consistency requires the linearization to be a good approx- 
imation of the nonlinear model dynamics for some given time (e.g. the ECMWF 
singular vector optimisation time of 48 hours). While it is commoly stated that 
this requirement is satisfied, this will depend on the model, the magnitude of 
the initial perturbations and the particular initial state. Results from NWP 500 
hPa height forecasts are presented, demonstrating that the breakdown of lin- 
earity is often very rapid. The implications of these results are investigated and 
possible modifications to enable the formulation of internally consistent con- 
strained ensembles discussed; the thermally driven rotating annulus provides a 
testbed. 

SHORT-RANGE ENSEMBLE FORECASTING (SREF) AT NCEP/EMC 
Jun Du. M. Steven Tracton, Zoltan Toth and Henry Juane 

EMC/NCEP/NWS/NOAA, Washington DC, USA 
Over the past few years ensemble prediction has come to the fore as a major 
element in denning the future Of NWP and operational weather forecasting. 
It is widely agreed that ensemble based probabilities and/or measures of con- 
fidence hold the best potential for enhancing the ability to make user depen- 
dent informed decisions. This paper focuses upon development of a system 
and strategies for short-range (0-3 days), regional model based ensembles at 
NCEP. The regional models are NCEP's Eta and Regional Spectral Model 
(RSM). In the following we emphasize preliminary assessments of experimen- 
tal runs with regard to prospective operational applications in context of the 
NWS "End-to-End" forecast process, where user needs and requirements are 
(should be) the key driver in model development and model strategies. Ex- 
plicit or implicit in this discussion are reference to the basic problems, issues, 
etc. associated with SREF. The ultimate near term objective at NCEP/EMC 
is to develop a prototype short-range ensemble system, strategy, and product 
suites for operational implementation. The key points to be made in this talk, 
as demonstrated by case studies and relevant verification statistics, are: a) 
there are inevitable uncertainties in regional model, short-range NWP owing 
to the sensitivity of predictions to intrinsic uncertainties in initial conditions 
and model formulation, b) SREF is essential for estimating these uncertainties 
and provide a more complete picture than the control and even single higher- 
resolution runs, c) more complete information yields demonstrable enhanced 
operational utility, d) increased and enhanced diversity of solutions is obtained 
with multi-model ensembles, e) increased and enhanced utility of ensembles is 
achieved using higher resolution (40 km) as compared to lower resolution (80 
km) models, and f) dynamically constrained perturbations ("bred modes") 
provide much better spread than "randomly" perturbed initial conditions. 

TOWARDS BETTER INITIAL CONDITIONS: VARIATIONAL 
ASSIMILATION, NONLINEAR NOISE REDUCTION, AND t- 
SHADOWING 

J. Hansen (1), L.A. Smith (2) and I. Gilmour (2) 
(1) AOPP, Oxford University, OX1 3PU, U.K., (2) Mathematical Institute, 
Oxford University, OX1 3LB, U.K.. 
hansenCatm.ox.ac.uk 

Robust prediction of nonlinear systems from uncertain initial conditions re- 
quires an ensemble forecasting approach, even if a perfect model is in hand. 
But how to choose the initial conditions? A variety of approaches have been 
delployed for reducing observational error, these include (i) variational data as- 
similation which assumes a perfect model, (ii) nonlinear noise reduction which 
assumes a recurrent system and a large observational data base, and (iii) re- 
quiring consistency between the forecast errors and observational uncertainty 
to detect i-shadowing in an imperfect model. Under certain idealised condi- 
tions, variational assimilation tends to restrict initial conditions toward a local 
stable manifold, while nonlinear noise reduction moves observations towards a 
local unstable manifold. It is illustrated that neither of these conditions need 
be met, even in simple two dimensional dynamical systems; specifically, some 
noise reduction along the stable manifold is often possible via variational assim- 
ilation. Initial progress towards combining these approaches so as to produce a 
superior probability distribution for choosing initial conditions is illustrated in 
a simple dynamical system. The resulting smooth distribution still falls short 
of a perfect ensemble. 
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APPLICATION OF REGIONAL SINGULAR VECTORS TO THE 
ENSEMBLE PREDICTION SYSTEM 

H. Hersbach (1), R. Mureau (1), J. D. Opsteegh (1) and J. Barkmeijer (2) 
(1) Royal Netherlands Meteorological Institute (KNMI), P.O. Box 201, 3730 
AE De Bilt, The Netherlands, (2) European Centre for Medium-Range Weather 
Forecast, Shinfield Park, Reading RG2 9AX, England. 
hersbachCknmi.nl/Fax: [31] 30-221-04-07 

At KNMI research is performed to create an ensemble prediction system (EPS) 
which is concentrated on the European area and which is optimized for a fore- 
cast period of 2-5 days. Emphasis is given to synoptic parameters like surface 
temperature and rainfall. 
For each ensemble, 50 perturbations are constructed from regional singular 
vectors (T42L31 ECMWF) for a target area confined to Europe. These are 
integrated for 5 days with the T159L31 ECMWF model. <,From such an en- 
semble a huge ensemble (~ 1000 members) can be constructed at low cost, i.e. 
without performing new model integrations. This is achieved by combining the 
50 integrated members in such a way, that the most important nonlinear effects 
are taken into account. 
Two data sets have been generated, a winter 96-97 set and an autumn 97 set. 
Each set contains about 25 ensembles. 
The impact of the localized ensembles will be shown on the basis of various 
skill scores, reliability diagrams and Talagrand diagrams. Also the impact of 
the construction of huge ensembles will be discussed. 
This project is in close co-operation with ECMWF. 

COMPARING LONG-RANGE, STATISTICAL, DYNAMICAL AND HYBRID FORECASTS IN THE ATMOSPH 
ERE 

Carlos Pires(l) .Robert Vautard<2) 
(1) Centro da Geofisica da Universidade de Lisboa (2)  Laboratoire do Heteorolog 
ie Dynamique du CNRS, Paris, France 

At the monthly range, there ie still some first kind predictability lyin 
g at the slow planetary components that can be downscaled into probability distr 
ibutions of the synoptic components implying that the inferred forecast has a pr 
obabillstic value. Probabilistic forecasts, normally converted categorical forec 
asts, are commonly obtained by high cost ensemble forecasts. We propose a more e 
conomical method consisting on a hybrid model combining filtering tools and a dy 
namical one to obtain categorical forecasts. The hybridization principle is the 
same applied in the two-step method of Vautard et. al (1996): the extrapolation 
of predictable features followed by downacaling of predictand categories. Here, 
we compare forecast scores of terces of z500-monthly means, produced by the stat 
istical method of Vautard et. al (1996), ensemble forecasts and our hybrid model 
. Validation is performed under perfect model hypothesis, over a long run of .the 
Harshall and Holten! model (1993). For the simulated analysis (the initial cond 
itions) we add BGHs to the observations. Por the ensemble forecasts we also use 
the BGM technique. He build a first hybrid model where the extrapolation step of 
the Vautard-et-al-method is performed dynamically. The recombination with the 
raw categorical dynamical forecast trough use of ah optimal decision rule (categ 
orical hybridization) defines the final hybrid forecast. Ensemble generalization 
s of that are also produced. The hybrid models produce the same forecasting scor 
e of that of ensemble forecasts with a reduction of 4 times or more in the invol 
ved burdensome calculations. The generalization of hybrid schemes to a full prob 
abilistic forecast is under research. 

ON ENSEMBLE PREDICTION IN A LIMITED AREA 

I. Langfjell (1,2), UxHSSl (2). ■»• Barkmeijer (1) andT. Palmer (1) 
(1) European Centre for Medium-Ran«: Weather Forecasts, Reading, UK, (2) Depart- 
ment of Geophysics, University of Oslo, Norway 
trond.iversen@geofysikk.uio.no/Fax: +47 22 8552 69 

When using ensemble prediction to investigate the predictability inside a verification 
domain in a limited area model (LAM), it is not enough just to perturb the initial con- 
ditions as is done for global models. This is because information from the enforced 
lateral boundary conditions soon will penetrate into the verification area. One objec- 
tive of this work is therefore to investigate the role of the boundaries on flow-specific 
error growth on the mesoscale, in addition to the role of the initial conditions. We also 
seek to find out if there is a correlation between the spread of the ensemble members 
and the quality of the control forecasts, and if ensemble prediction can improve mes- 
oscale weather forecasts. If there is a correlation between the spread of the ensemble 
members and the quality of the control, one would like the ensemble members to give 
a spread which exactly envelopes all probable developments for a given initial state 
with its expected uncertainty. Otherwise we would end up with more confidence in the 
control forecast than we should. It therefore seem reasonable to also perturb the 
boundaries to obtain the largest spread possible. We want to investigate which of the 
boundaries or the initial condition is the most important in producing this spread. To 
produce perturbations we use the method in use at the European Centre for Medium- 
Range Weather Forecasts (ECMWF), based on targeted singular vectors to produce 
optimal perturbations for Northern Europe and the adjacent sea-areas. The global en- 
semble members obtained with these perturbations will be used for both initial and 
boundary conditions for the limited area model run at the Norwegian Meteorological 
Institute (HIRLAM). Double sets of experiments will then be performed, one with 
perturbing both the initial and boundary conditions, and one withiust perturbing the 
initial conditions. The period of investigation is the first 20 days ofFebniary 1997. At 
the time of the EGS-symposium, we will probably not be able to show significant re- 
sults from the HIRLAMexperiments. We will therefore show the properties of the 
global ensemble-runs made at ECMWF based on the targeted singular vectors. 

THE FUTURE OF PRACTICAL WEATHER FORECASTING IN AN 

UNCERTAIN WORLD. 

P. N. Reed 
UKMO, London Road, Bracknell, Berks, UK. 
dnreed@meto.gov.uk/Fax44(0) 1344 854462 

Within the UKMO a fundamental shift is taking place from a deterministic 
to a probabilistic view of the process of creating weather forecasts. 
Whatever type of product the customer requires the best means of creating 
that product is seen as being through the use of probabilities. The forecaster 
can then consider a full range of possible outcomes before reaching a 

decision. 
Weather forecasting can be viewed as a two stage process. Stage one 
describing the expected synoptic scale evolution and stage two the resultant 
weather. For the medium range both of these can be described 
probabilistically using the ECMWF EPS system. This paper describes how 
EPS products are currently used within the UKMO together with future 
plans for their use as part of the continuing move towards a probabilistic 

approach to weather forecasting. 
As well as describing developments in product creation issues such as 
training, change management and customer awareness are discussed. 

I 
PROBABILITY  FORECASTING   PRODUCTS   FOR  THE   NA- 
TIONAL METEOROLOGICAL CENTRE IN BRACKNELL 

T. P. Legg 
NWP Division, UK Met. Office, London Road, Bracknell, Berkshire, UK. 
tpleggtaeto.gov.uk 

Medium-range forecast data from ECMWF, using 51-member ensembles, are 
used to generate probability forecasts for a set of 21 UK stations. These fore- 
casts, for times up to T+240, are for surface temperatures at 00Z and 12Z 
each day, for twelve-hour precipitation accumulations, and also for certain joint 
and conditional events to determine the likelihood of freezing or snow-covered 
roads. Probability density functions can be viewed, as well as time-series of 
probabilities of temperature exceeding or being less than certain values and of 
precipitation exceeding certain amounts. Forecasters at Bracknell are increas- 
ingly being encouraged to work in probabilistic terms, and the products have 
been generating favourable comments by those who have used them. 
Assessment is an important part of the work, and forecasters are also given 
access to continually updated information on a variety of assessments of the 
probability forecasts. Results will be presented here for Brier Scores and for Rel- 
ative Operating Characteristics (ROC), and compared with results from fore- 
cast data obtained by other means including deterministic values and period- 
average forecasts. On average, levels of skill remain positive out to day 10. Even 
if predictability is low, and the ensemble has wide spread, probability forecasts 
usually retain some value. 

Using Nonparametric Statistics to Measure Centrality of Rainfall Distribution 

F.lson D. Silva. Brazilian Enterprise for Agricultural Research/NMA 
Tercio Ambrizzi, Atmosph. Sc. Dept., Säo Paulo University 
Embrapa/NMA - fax +55-19-254-1100 

This study was carried out to develop a nonparametric statistical procedure to 
assess centrality of rainfall distribution. This analysis tries to provide insights on 
how long rainfall histories need to be to infer significantly the median as a central 
value. Most rainfall studies using parametric statistics advocates a need for long 
historical data collection. Rainfall is not normally distributed as values are greater 
than zero and the distribution can be highly asymmetrical. If the assumptions of 
normality cannot be tenable, more appropriate statistics would produce inferences 
more reliable. This approach reduces misinterpretation of data because of 
skewness, contamination or miscollected data, and small sample sizes. With so 
called "dirty-data", many nonparametric techniques are still appropriate. Three 
weather stations in different environments having long data history were selected to 
test if subsamples of 10 or 15 consecutive years could detect significantly (P< .05) 
the population median. Sign Test was used instead of Wilcoxon Signed-Rank Test 
when the population data were asymmetric (P< .05). In all locations, subsamples 
of 10 and 15 years were enough to predict the annual median rainfall (P< .05).The 
final conclusion is that subsamples of rainfall are well warranted by 10 y of data 
collected to predict annual median rainfall and that most of the 10 y of data 
collected will also predict rainfall monthly. Sometimes an unusual persistency of 
rainfall departure larger than 10 y may increase or decrease rainfall monthly but in 
a full tropical year such deviations are compensated. 
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WILL THE PROBABILISTIC APPROACH BE THE FUTURE FOR 
PREDICTIONS? 

V.P.YUSHKOV, Physics department, Moscow State University, 119899, Vorobyovy 
gory, Moscow, Russia. E-mail: vushkov@atmos.phys.msu.su 

The answer to this question depends on its understanding. So the basis of the 
probabilistic forecast should be correctly stated. For this I offer well-known apparatus. 
The classical dynamical understanding of the forecast is necessary to couple with 
consideration of distribution function and operations over it. This approach is the 
manner of the description of our limited knowledge. It changes interpretation of 
observation as event. The observation is a manifestation of possible events and 
therefore only a sequence of observations in a time (and their set in the space) gives 
an opportunity to build a probabilistic forecast. An elementary introduction to this new 
approach gives a quantum formalism apparatus. Historically, the microworld physics 
pioneered for the comprehension of supervisions in the limited information conditions 
and has entered main postulates. But the Earth climatic system is much more attractive 
example of irregular variability, in a centre of which the idea of a state in the 
probabilistic space is. With a probability a new understanding of both time and 
forecast comes. The nature infinity and for all that an opportunity of its laws 
comprehension though in a probabilistic form already is almost present of human 
knowledge. 

PROBABILISTIC QUANTITATIVE PRECIPITATION FORECASTS (PQPF) 
BASED ON THE NCEP GLOBAL ENSEMBLE 

Y. Zhu1, ZJfllh1. and E. Kalnay (EMC/NCEP/NWS/NOAA, Washington DC 
20233 USA) ■ v 

Through a number of examples we subjectively compare the performance of 
precipitation amount forecasts from a high resolution (T126) control prediction 
to that of PQPFs based on a lower (T62) resolution ensemble. K is important to 
note that the generation of the lower resolution ensemble requires approxi- 
mately the same computer resources as running the higher resolution control. 
The results, supported by the evaluation of many other cases, indicate that the 
ensemble can extend the predictability of precipitation events by a day or two 
as compared to using only a high resolution control forecast. The improvement 
the ensemble offers is manifested in forecasts that (1) have useful information 
for longer lead times, (2) behave much more consistently in time, (3) have more 
accurate information about the spatial distribution of heavy rainfall, and (4) are 
associated with a flow dependent estimate of reliability. During the summer 
months, when model performance is generally poorer, the ensemble has less 
to offer. This highlights the need for further model improvements. The improve- 
ments, however, should not be sought solely through increased model resolu- 
tion. An ensemble of forecasts apparently offers more benefit to the users than 
a higher resolution single forecast, run at the same computational cost. In the 
future, we plan to fit a 3-parameter Gamma distribution to derive more accu- 
rate probability distributions based on the ensemble forecasts. The forecast 
probability distributions will then be compared to observed precipitation dis- 
tributions from the past season. This will enable us to "calibrate" the PQPFs, 
thus making them more reliable (i.e., make the forecast probabilities match the 
observed frequencies of different precipitation events over the long run). 
1. SSC (LMirtl MO)« NCEP 

NP1 Scaling, multifractals and nonlinear variability in 
geophysics 

Convener: Schertzer, D. 
Co-Convener: Lovejoy, S.M. 

03 Scaling, multifractals and nonlinearity in 
oceans & atmosphere (co-sponsored by OA) 

Convener: Schmitt, F. 
Co-Conveners: Cahalan, R.F.; Yanovsky, V.V. 

A THERMODYNAMICS OF FRACTALS BASED ON WAVELET 
ANALYSIS:   APPLICATIONS   TO   ROUGH   SURFACES   AND 
SATELLITE IMAGES OF FRACTAL CLOUDS. 

A. Arneodo 
Centre de Recherche Paul Pascal. CNRS. Avenue Schweitzer. 336U0 Pessac, 
France. 

We elaborate on a unified multifractal description of (2D) singular distri- 
butions, including measures and functions, based on the continuous wavelet 
transform. This new approach relies upon the definition of partition functions 
from the wavelet transform modulus maxima. We demonstrate that very much 
like thermodynamic functions, the generalized fractal dimensions D,, and the 
f(a) singularity spectrum can be readily determined from the scaling behavior 
of these partition functions. We show that this method provides a natural 
generalization of the classical box-counting techniques to fractal functions 
(e.g., the image of rough surfaces), the wavelets playing the role of 'generalized 
oscillating boxes". We illustrate our theoretical considerations on pedagogical 
examples including (monofractal) fractional Brownian surfaces and multi- 
fractal counterparts obtained by low-pass power-low filtering (fractionally 
integrating) 2D multiplicative cascades. Then, we use this methodology to 
compare the multifractal properties of measured and simulated radiance fields 
for strntooimulus clouds at 30 m resolution in the solar (reflected) part of the 
electromagnetic spectrum. 

Use of Magnetic Susceptibility Methods for the identification of Tsunami deposits 
in the Tagus estuary 

Andrade, C. (1); Miranda, J. M.(2); Freitas, M.C.(l); Baptista, M.A.(3); Cachco, 
M.(l); Munha, J.M. (1) & Silva, P. (2) 
1 Departamento de Geologia da UL 
2 Centra de Geofmsica da UL 
3 Instituto Superior de Engenharia de Lisboa 

The Tagus estuary is located in the Portuguese western coast near the city of Lisbon 
and covers an area of approximately 320 km2. It is a high mesotidal that has been 
subject to several large tsunami invasions in the past, particularly at 1755 and 1531. In 
order to identify the sedimentary signature of the tsunami waves, the record of 
longer-term environmental changes of the Tagus salt marshes was studied, using 
environmentally-sensitive proxies to identify subtle changes of salinity, depth and 
temperature during the last 500 years. The analysis of vertical concentration profiles 
of non-anthropogenic elements indicates relatively homogeneous concentrations, in 
accordance with the dominant silty to clayey composition of the sediments. However, 
significant variations were detected for the K/Rb, La/Sm and Hf/Ta elemental ratios, 
probably representing variations of the sediment source. The major compositional 
breaks detected in the vertical profiles of these elemental pairs show some correlation 
with the nannoplankton vertical profiles of taxa diversity and abundance suggesting 
that the relative contribution of marine water also changed through time. An attempt 
to refine the interpretation was made, using magnetic susceptibility methods. A very 
detailed study of two cores taken from the estuary was made, revealing that the 
existence of two sediment layers, characterised by two maxima of the bulk 
susceptibility, clearly correlated with the geochemical and nannoplankton profiles, that 
were probably generated by 1755 and 1531 (AC) tsunami waves. 

MATCHED VARIABILITY OF THE TEMPORAL STRUCTURE OF THE 
GEODYNAMICAL AND GEOPHYSICAL CHARACTERISTICS 

Nataly M. Astafyeva (Spase Research Institute. Profsoyuznaya. 
84/32. 117810 Moscow, Russia, ast@iki.rssi.ru) 

Atmosphere, hydrosphere and lithosphere of the Earth organize the complex 
multiparametrical planetary system under the outside world nfluence (solar radiation. . 
lunar tide...). Investigation of the natural (geodyn.and geophys.) longtime series give 
the evidence of matched temporal structure of suitable processes. For example the 
variations of angular momentum of planet or length of day are not only under the 
influence of the orbital parameters, but under the action of global atmosphere and 
world ocean circulations. The result of nonlinear interaction in the ocean-atmosphere 
system powerfully depends on the continuously changing conditions: thus, rapid 
random fluctuations of meteoparameters interact with SOI in a different manner at the 
El Nino or La Nina phase SO or at the different seasons of the year. We pay special 
attention to investigation of irregular structure in the range from 40 to 100 days. 
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SCALING PROPERTIES OF THE SURFACE CHLOROPHYLL HELD IN 
THE NORTHERN ADRIATIC 

Fabio Benvenuto**, Alessandro Marani** and Mira Morovi}* 
»»Dipartimento di Scienze Ambientali, DD. 2137, 130123 VENEZIA (Italia), 
fabiob@unive.it, marani@unive.it 
»Institute of Oceanography and Fisheries, P.O.Box 500,58000 Split, CROATIA, 
e-mail: morovic@jadran.izor.hr 

In order to study spatial structures of two dimensional fields of surface chlorophyll in 
the Northern Adriatic sea, scaling analysis of chlorophyll satellite images was 
performed. The Nimbus-7 images processed for chlorophyll with (JRC-ESA 
algorithm) cover the area between Po river delta and the Istra peninsula and contain 
lOOx 100 pixels with a resolution of 1000 m. An empirical investigation of the scaling 
laws through R/S analysis was done over the available space scales considering zonal 
rows and vertical columns. The satellite data were transformed into matrices (Cij ((i, 
j =1,..., 100) representing the surface chlorophyll with index i oriented along parallels 
toward the east and j along meridians toward south. The preliminary results indicate 
that the Hurst exponent is larger, and, consequently, the fractal dimension is lower for 
winter images than for other seasons. This is possibly due to the combined effects of 
a varying sea productivity and of changes in the circulati! on. This also indicates that 
temperature changes are not the main factor controlling primary productivity in the 
Northern Adriatic Sea. The role of the nutrient discharged by the PO river is unclear 
and is to be addressed in future studies using multichanel images at higher resolution. 

TURBULENCE MEASUREMENTS IN THE NEIGHBOROOHD 
OF A STRONG VORTEX 

F. Chillä and J.-F. Pinton 
Laboratoire de Physique, Ecole Normale Superieure, F-69007 Lyon. 

Whereas most of the measurement and modeling of the energy transfers in 
turbulence have been done in homogenenous and isotropic geometries, most real 
flows are strongly inhomogeneous and anistropic. Atmospheric ones certainly 
are, with large scales structures in the form of Urges eddies being commonly 
generated (tornados, hurricanes, etc.). To help describe these situations, we 
have studied in the laboratory the closed flow produced in the gap between 
two corotating disks. In this geometry, a very intense axial vortex is formed. 
When both disks rotate at the same rate it is stable while it undergoes violent 
bursting when the disks angular speeds are too different. In both cases, we 
have performed local velocity measurements at variable distances from the 
vortex structure and studied how the turbulence characteristics at small scales 
are influenced. We find that the velocity power spectra show »'•'(») x fc-a 

scaling region , with a varying continuoulsy with the distance to the vortex 
core: starting at traditional a = 5/3 values away from the vortex it reaches 
a = 2.8 near the stable vortex , or a = 1.2 in the unstable regime. Similarly, 
the intermittency (described via the structure function exponents) change with 
the distance to the vortex and with the flow regime. The fact that the energy 
transfers and the intermittency characteristics are a function of the geometry 
and temporal dynamics of the larges scales of the flow is of importance in 
regards to the theoretical and numerical modeling of real turbulent flows. 

TIDAL INTERNAL WAVES IN THE TROPICAL ATLANTIC: 
NONSPECTRAL AND SPECTRAL APPROACHES 

Vladimir A. Borovikov (1). Vitaly V. Bulatov (1), and Eugene G. Morozov (2) 
(1) Institute for Problems in Mechanics, Russian Academy of Sciences Pr. 
Vemadskogo 101,117526, Moscow, Russia 
(2) P. Shirshov Institute of Oceanology, Russian Academy of Sciences, 36 
Nakhimovsky St., 117218, Moscow, Russia. 

A method is described for analyzing oceanic fields to determine the velocity and 
direction of flat wave packets comprising the tidal internal wave field. The wave field 
is presented as the sum of plane waves each characterized by specific velocity and 
direction of propagation. A new method to study wave packets is suggested based on 
wavelet transform. Some numerical results are presented for investigating tidal internal 
waves on the basis of temperature measurements at 200 m level obtained from 50 
moored buoys in the tropical Atlantic. Generation of waves is caused by tidal currents 
flowing over uneven bottom topography. Characteristics of tidal internal waves 
measured in the experiment are discussed. The wave length is equal to 60 km while the 
direction remains quasi-stationary. 

Cloud scaling properties and cloud parameterization in the ECMWF Forecast 
Model. 

R. F. Cahalan 
NASA/Goddard, Greenbelt, MD 20771 USA 
1. J. Morcrette, European Centre for Medium-Range Weather Forecasting, Shinfield 
Park, Reading, England 

Cloud liquid and cloud fraction variability is studied as a function of horizontal scale 
in the ECMWF forecast model during several 10-day runs at the highest available 
model resolution, which is presently improving from 60 km (T213) down to 20 km 
(T600). At these higher resolutions, model plane-parallel albedo biases are reduced, so 
that models may be tuned to have larger, and more realistic, cloud liquid water 
amounts. However, the distribution of cloud liquid -within- each gridbox depends on 
ad hoc asssumptions of cloud 'overlap' which are not necessarily consistent with 
observed scaling properties, or even with scaling properties produced by the model at 
larger scales. To study the larger-scale cloud properties, ten locations on the Earth are 
chosen to coincide with locations having considerable surface data available for 
validation, and representing a variety of climatic regimes. Scaling exponents are 
determined from a range of scales down to model resolution, and are re-computed 
every three hours, separately for low, medium and high clouds, as well as 
column-integrated cloudiness. Cloud variability fluctuates in time, due to diurnal, 
synoptic and other processes, but scaling exponents are found to be relatively stable. 
Various approaches are considered for applying computed cloud scaling to subgrid 
cloud distributions, beyond simple random or maximal overlap now in common use. 
Considerably more work is needed to compare model cloud scaling with observations, 
and this will be aided by not only by increased availability of high-resolution surface, 
aircraft and satellite data, but also by the increasing resolution of global models. 

NONLINEARITIES OF 3D RADIATIVE TRANSFER, 
ILLUSTRATED WITH BOUNDARY-LAYER CLOUDS 

A. Davis.t A. Marshak,§ R. F. Cahalan,§ and W. J. Wiscombe§ 
T Los Alamos National Laboratory, Astrophysics & Radiation Measurements Group 

(NIS-2), PO Box 1663 (MS C-323), Los Alamos, NM 87545, USA.  - 
§ NASA's Goddard Space Flight Center, Climate & Radiation Branch (Code 913), 

Greenbelt, Md 20771, USA. 
E-mail: adavis@lanl.gov 

Radiative transfer—a.k.a. linear transport theory—is trivially linear with respect to 
the source term but fundamentally nonlinear in every other respect due to the 
multiplicative coupling between local scattering/absorption coefficients and radiance. 
Nonlinearity is stronger when multiple scattering dominates photon transport, as is 
the case in boundary-layer cloud systems. We survey a hierarchy of old and new 
approaches to radiation transport in finite variable optical media modeling cloud 
systems, broken or not, with an emphasis on treatment of nonlinearity. Ordered by 
increasing level of flexibility in variability model and/or numerical accuracy, we have: 
• standard plane-parallel cloud models, allowing at best a vertical stratification; 
• popular linear combinations of the above, according to "cloudy/clear" fractions; 
• "stochastic" radiative transfer in binary mixtures, using simple closure schemes; 
• nonlinear averaging procedure in the Independent Pixel Approximation (IPA); 
• smoothing the IPA field in the Nonlocal Independent Pixel Approximation (NIPA); 
• 3D photon-diffusion theory, (almost) analogous to flow in a porous medium; 
• numerical 3D radiative transfer, using Monte Carlo and grid-based methods. 
To date, only the first two entries have been applied operationally, mostly in remote- 
sensing and energy-budget applications respectively. We present in closed form a new 
result for general 3D diffusion theory that underscores the nonlinear coupling at hand. 
It relates the systematic bias in albedo caused by variability to the spatial correlations 
in the extinction field and vertical component of the radiative flux-vector field. 

ANALYSIS OF RADIOBRIGHTNESS TEMPERATURE HELD OVER 
TROPICAL CYCLONE 

N.S.Erokhin (1), S.S.Moiseev (1), A.A.Lazarev (1), M.I.Mityagina (1) and 
B.Z.Petrenko (2) 
(1) Space Research Institute of RAS, Profsouznaya Str.84/32,117810 Moscow, Russia 
(2) Institute of Radio Engineering and Electronics, Mokhovaya 11,103907 Moscow, 
Russia 

It is described the results of data processing for radiobrightness temperature fields over 
tropical cyclone at the square of (1000 x 1000) km. The correlation function, scaling 
exponents and singularities spectrum are calculated. A some pecularity of structural 
functions (SF) usage to analysis of radiobrightness temperature fields are discussed 
and the analytical approximation of SF dependences is given. The existence of inertia! 
range with the power law spectrum is shown. The comparison with scaling of 
background fields (outside typhoons) is made. 

B 
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UNIVERSAL MULFIFRACTAL ANALYSIS OF GROUND LEVEL 
PARTICLE DISTRIBUTIONS FROM EXTENDED AIR SHOW- 
ERS 

E. Faleiro (1) and J.M.G. Gomez (2) 
(1) Dpto   F.A.I.S.,E.U.r.T.Industrial,  liniversidad   Politecnica  de   Madrid, 
(2) Dpto de Fisica Atomica y Nuclear, Facultad de Fisicas. Universidad Com- 
plutense de Madrid. 
efaleirofifais.upm.es 

High-energy interactions of gammas and protons with the earth atmosphere 
have been simulated by means of the CORSIKA-4.50 Monte Carlo code, and the 
secondary-particle density distributions in the resulting Extended Air Shower, 
at ground level, have been studied. The fluctuations seen in these distributions 
show - after that a deconvolution from a white noise component is performed - 
features typical of a 1/f noise. The sample is then analyzed in order to study its 
scaling behaviour, which is eventually parametrized by means of an Universal 
Multifractal approach. 

MULTIFRACTAL AND CHAOTIC 
ANALYSIS OF ATMOSPHERIC TIME SERIES 

K. Ivanova 
Laboratore de Telecommunications et Teledetection, University Catholique de 
Louvain, Place du Levant, 2, B-1348 Louvain-la-Neuve, Belgium . 
kristyfitele.ucl.ac.be 

The aim of this study is to provide a complete characterization of the integrated 
reflectivity, liquid water content (LWC) and water vapor content of stratocu- 
mulus clouds and as a result to possibly reveal some of the peculiarities of 
their internal structure. A recently proposed multifractal approach [1] is em- 
ployed for analysis of the real world atmospheric data. The approach is based 
on the nonlinearity found in natural phenomena and includes an estimation of 
nonstationarity and intermittency of the fields. The scale invariant properties 
are revealed by studying the structure functions of arbitrary order whereas 
the degree of intermittency is evaluated by singular measures analysis. The 
results are summarized on a 'bifractal plane'. The LWC data parametrization 
is in good agreement with the previously reported results [1]. To investigate a 
possible chaotic behavior the following standard test steps are performed: 1) 
phase-space reconstruction of the time series using the time delay approach; a 
first minimum position of the autocovariance function is taken into account; 
2) determination of minimal embedding dimension via correlation dimension 
stabilization. 
References [1.] Davis A., A. Marshak, VV. Wiscombe, R. Cahalan, J. Geophys. 
Researches, D4, 8055 (199-1). 

DESCRIPTION OF NONLINEAR TRIAD INTERACTIONS IN 
FLUID DYNAMICS USING TRILINEAR COORDINATES 

Aime Fournier 
National Center for Atmospheric Research, Boulder, CO USA 80307-3000. 
foumierOucar.edu/Fax: [+1] 303 497 1700 

Traditionally the nonlinear transfer of kinetic energy between orthogonal modes 
in fluid dynamics has been described by a kind of convolution of Fourier coeffi- 
cients, known as 'triad interaction', Tim„. Triad interaction between wavenum- 
bers n, m and / is known to be constrained by a 'detailed conservation' theorem: 

•*/m» + lmnl 4- lnlm = 0. 

There have been few applications of triads to observed geophysical flows. Re- 
cently lima and Toh have generalized the triad description, in the case of in- 
compressible flow, from Fourier to arbitrary orthogonal decompositions. 
This presentation will introduce the use of 'trilinear coordinates' 

Timn =    — y, 
Tmn,=    2-l(y + 3'/!J:), 
Tnlm=   ^-'(a/-^'3!), 

y=    -T,m„. 
T„l,„) . 

to depict in (no dimensions [x,y), triad interactions between three modes. Ex- 
amples will be presented of triad interactions between orthonormal wavelet 
modes, computed from NMC-analyzed atmospheric winds during blocked and 
zonal climate states, and compared with Fourier results. 

UNSTABLE PERIODIC ORBITS AND ATTRACTORS OF NON- 
LINEAR DYNAMICAL MODELS. 

E. Kazantsev 
Projet NUMATH, INRIA-Lorraine, 615, rue du Jardin Botanique, BP101, 
54602, Villers-les-Nancy, France. 
kazanCloria.fr 

Numerical method for detection of unstable periodic orbits on attractors of 
nonlinear dynamical systems is proposed. This method requires the similar 
techniques as the data assimilation does. This fact facilitates its implementation 
for geophysical models. 
Some low-period orbits of the Lorenz model and the barotropic ocean model 
have been calculated explicitely. The orbits encoding and application of sym- 
bolic dynamics is used to classify and identify the detected orbits and find the 
whole set of fundamental cycles. Application of the cycle expansion theory to 
the fundamental cycles set allows to approximate some attractor characteristics 
difficult to calculate directly. 

SPECTRAL ANALYSIS OF RADIATIVE FLUX OF HETEROGENEOUS 
CLOUDS 

B. Guillemet, H.Isaka, F.SzCTap 
LAMP, Universite Blaise-Pascal, 24 avenue des Landais, 63177 Aubiere Cedex, France 

Cahalan et al. (1994) proposed the Independent Pixel Approximation to realise a fast 
estimation of area-averaged radiative fluxes of inhomogeneous clouds. The basic idea of 
the nonlocal Independent Pixel Approximation proposed by Marshak et al. (1996) is 
quite similar to that of the IPA, except that the NIPA may be applied to a horizontal 
scale of averaging comparable to the mean free path of photons. From the point of view 
of spectral analysis, the estimation of area-averaged radiative fluxes based on the IPA 
and NIPA is justified by radiative filtering of the IPA radiative fluxes at a horizontal 
scale comparable to the mean free path of photons. This implies a break in the spectral 
slope of spectra computed from the fluctuations of reflectance of heterogeneous clouds. 
The present study aims to study spectral characteristics of the reflectance, transmittance 
and absorptance of absorbing heterogeneous clouds for different incidence angles of 
radiation. It is revealed that spectral characteristics of the radiative fluxes are 
significantly influenced by the single scattering albedo as well as by the incidence angle 
of radiation. If the radiative filtering dominates at horizontal scale smaller than the mean 
free path of photons, there is a re-distribution of filtered energy at horizontal scales 
slightly larger than this mean free path. This re-distribution phenomenon becomes more 
important as the single scattering albedo decreases, which implies that the spectral 
slope of reflectance spectra of heterogeneous clouds differs significantly from that of the 
IPA. Another important point concerns the phase shift between the reflectance and 
transmittance. These spectral behaviours of radiative fluxes result from the difference of 
cloud heterogeneity effects on the scattering and absorption. 

QUANTIFICATION OF MULTIFRACTAL DIFFUSION 

C. Marguerit1. D. Schertzer' and S. Lovejoy2 

1 Laboratoire de Modelisation en Mecanique, CNRS UMR 7607, Universite' Paris 
6, Case 162,4 place Jussieu, 75252 Paris cedex 05, France 
margueri@lmm.jussieu.fr - schenze@lmm.jussieu.fr 
2 McGill University, 3600 University Street, Montreal, Quebec, H3A 2T8, Canada 
lovejoy@physics.mcgilI.ca 

Diffusion is one of the key-mechanism in geophysics (pollutant dispersion, radiative 
transfer,...) as well as for their interaction with biology (predator-prey systems). 
Geophysical media being extremely inhomogenous, we consider diffusion in 
multifractal media. 
We first recall the limitation of classical methods based on the scaling law of r.m.s 
distance traveled by particles, as well as the drastic difference between physical time 
and the number of steps. Indeed, we showed that the exponent of the former misses 
the anomalousity of the diffusion, with the only exception of monodimensional 
media, whereas the exponent of the latter is rather spurious. 
We show that the anomalousity of the walk can be multifractaly quantified with the 
help of the hierarchy of the trace-moments of the walks. We test these observable* 
on numerical simulations. 
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ONE POSSIBLE MECHANISM OF ELECTRIC FIELD SCALING 
IN A THUNDERSTORM CELL 

E.A.Mareev (1), A.E.Sorokin (2) and V.Yu.Trakhtengerts (3) 
(1) , (2) , (3) Institute of Applied Physics Russian Academy of Science, 603600. 
Russia, Nyzhni Novgorod, Ul'anovastr., 46. 
andCappl.sci.nnov.ru/Fax: 8312 362061 

It is well known that the large scale electric field and space charge are forming 
in thunderstorms. But the origin of small stratification is purely investigated 
now. To understand it, we take into account that charge tranfered per collision 
(between hydrometeor and small water drop, e.g.) depends on external elec- 
tric field, charges on the particles and their velocities. We have designed the 
system of equations which is composed of hydrodynamic equations, movement 
and Poisson one. Such a forth flow system (large and small cloud particles and 
ions) has been investigated and examined in thunderstorm cell. The specific flow 
instability - charging instability, connected with charge transfer mechanism (in- 
ductive or noninductive) has.been investigated. We have obtained increments 
and characteristic wave numbers for this unstable waves for the initial, devel- 
opment and dissipation stages of the thunderstorm cell. Our results are in a 
good agreement with the data of electric field soundings in storms (Marshall 
and Rust, Sounders). According this data, there are many of the small scale 
field and charge variations on the background of large scale ~ 800 - 2500 me- 
ters field. The magnitude of the first one can increase the breakdown field. And 
in this case charging instability can play the principal role in the formation of 
compact discharge cells (~ 30 - 150 meters ) in the thunderstorm cloud. 

SCALING OF THE NATURAL VARIABILITY OF THE 
ATMOSPHERE-OCEAN SYSTEM 

J.D. Pelletier 
Mail Code 150-21, Caltech, Pasadena, CA 91125, USA. 
jonOgps. caltech. edu/Fax: 626-585-1917 

We present the power spectra of instrumental temperature data from the Global 
Summary of day database from time scales of 1 day to 100 years. Maritime sta- 
tions exhibit power spectra proportional to /~*. Continental stations exhibit 
a f~i spectrum up to frequencies of / =1/(1 month) and a f~i spectrum at 
higher frequencies. We interpret these observations in terms of the turbulent 
diffusion of heat energy vertically in the atmosphere and ocean. A stochas- 
tic term is included to model convective instabilities in the atmosphere that 
randomly advect heat up or down in the atmosphere. The difference between 
maritime and continental stations results from the coupling of maritime air 
masses to both the atmosphere above and the ocean below while continental 
air masses couple only to the atmosphere above with the land acting as an insu- 
lating boundary condition. The transition from a continental-type spectrum to 
a maritime-type spectrum is investigated by averaging spectra from all stations 
in the database in 2°x2° grid squares. Differences in the spectra as a function 
of geography and distance from the ocean are investigated. The crossover time 
scales from the /" i to a /" i spectra in continental spectra are used to infer 
the geographic variation of time scales of thermal exchange between continental 
air masses and oceans. 

EXPERIMENTAL   MHD   STUDY  OF   A   LIQUIDE   GALLIUM 
FLOW AT MODERATE MAGNETIC REYNOLDS NUMBERS 

P. Odier (1). J.-F. Pinton (1) and S. Fauve (2) 
(1) Laboratoire de Physique, Ecole Normale Superieure, F-69007 Lyon, (2) Lab- 
oratoire de Physique Statistique, Ecole Normale Superieure, F-75005 Paris. 

We study the statistical properties of magnetic field fluctuations generated, in 
the presence of an externally imposed field, by a swirling flow of liquid Gallium. 
The flow is produced in the gap between two coaxial counter rotating disks. 
Kinetic Reynodls numbers Re = 10r and magnetic Reynolds numbers up to 
Rm = 15 are reached. The imposed magnetic field B0 is weak and Lorents forces 
do not react unto the flow. The magnetic fluctuations b are measured inside the 
flow using a local Hall effect probe. Its power spectra display a b-{k) x k~n/3 

scaling region, as can be predicted from Kolmogorov's turbulence model. We 
also observe that the dissipative scale for the magnetic fluctuations is much 
smaller than that of the velocity fluctuations, in agreement with the very small 
value of the magnetic Prandtl number of liquid metals. As a result the dynamics 
of the magnetic field is concentrated in the large scales of the flow. For a given 
value and orientation of Bo, we have measured the mean value < b > of the field 
induced by the (large scale) velocity gradients in the flow. At small Rm one finds 
< b > I Bo oc Rm as is well known. For higher values of the magnetic Reynolds 
number, we have observed non linear effects whith < 6 > /Bo growing as 
Rl,. Interpolation of these measurements predict a critical magnetic Reynolds 
number flm ~ 30 for the onset of dynamo action in this flow. 

GENERATION OF HETEROGENEOUS CLOUDS BASED ON 
MORPHOLOGICAL ANALYSIS AND THEIR EFFECTIVE RADIATIVE 
PROPERTIES 

R. Pejoux, F-Szczap. H. Isaka 
LAMP, University Blaise-Pascal, 24 avenue des Landais, 63177 Aubiere Cedex, France 

Most of recent studies on radiative properties of inhomogeneous clouds are based on the 
inhomogeneous clouds generated with the bounded cascade model proposed by Cahalan 
et al. (1994) and Marshak et al. (1994). In spite of the fact that the bounded cascade 
model can duplicate some statistical characteristics of natural inhomogeneous clouds, it 
has a drawback to generate clouds whose heterogeneity at large horizontal scale is 
conditioned entirely by first steps of cascades. So, there is a need to develop methods 
without such drawback, which may generate heterogeneous clouds having the same 
characteristics as those observed of natural clouds. 
In this paper, we develop a method of heterogeneous cloud generation based on the 
morphological analysis. This method can generate horizontal fluctuations having the 
almost same density probability function and spectral slope. Furthermore, the generated 
heterogeneity has the same morphological spectra as the original fluctuations. We 
tested the method for various types of fluctuations, in particular those generated with 
the bounded cascade model. 
The radiative properties of heterogeneous clouds generated with this method are 
compared with those determined for the bounded cascade heterogeneous clouds. This 
comparison shows these two types of clouds have the same area-averaged radiative 
properties. Based on these results, we discuss effects of cloud heterogeneity of different 
types on the area-averaged radiative properties and try to define heterogeneity parameters 
pertinent to the radiative transfer in heterogeneous clouds. 

A NUMERICAL INVESTIGATION OF SOME SCALING PROP- 
ERTIES OF ATHMOSPHERIC TURBULENCE 

E. Rodichev 
Institute of Mechanics, Moscow State University, Michurinsky prosp., 1, 
Moscow, Russia. 
erCsai.msu.au/Fax: +007 095 9328842 

The time series representing the velocity components of atmospheric turbulence 
has been processed numerically. Two data sets were used. The first one was 
recorded at Zimlyanskaya steppe, over the flat ground. The second data set 
was recorded in Moscow city, near the big buildings. 
The covariances, cross-covariances and power spectrum are presented. The vec- 
tor delay reconstruction technique was used for fractal dimension measure- 
ments. The numerical estimation of Levy index also has been performed. 

QUASI-SPONTANEOUS VARIATIONS OF PHYSICAL PA- 
RAMETERS 

Igor I. RoKityansky 
Institute of Geophysics. POB-338/7. Kiev-146. Ukraina. 

Spontaneous chaotic fluctuations are inherent for complex nonlinear 
unstable dissipative systems especially when spatio- temporal intermtt- 
tance of chaos and order occur and the system passes through conse- 
quence of bifurkations. Prognosis of development for such system is very 
difficult and uncertain, as the system can be influenced by extremely 
weak signal, but if the last one is correctly organized it opens the princi- 
pal possibility of so called informational correction, management and 
control of the system. Speaking about spontaneous variations (SV) of 
physical parameters we pay also attention to relatively simple systems 
(resistor, filament of torsion pendulum, crystal of quartz etc.). for which 
we expect stable physical parameters under stabilized external conditions: 
temperature, pressure, moisture, EM-radiation etc. But the variations of 
physical parameters nevertheless are observed and their spectrum near to 
I 'f law. The synchronism of SV in distant points and correlation with 
Solar activity give evidence that the phenomenon is not purely spontane- 
ous but rather quasi-spontaneous, being induced by some yet not identi- 
fied external aaent. 
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MULTIFRACTAL ANALYSIS OF ID AND 2D CLOUD DATA, THE 
"WAVELET TRANSFORM MODULUS MAXIMA" APPROACH 

SJS2H5.t R- F- Cahalan t A. Davis,* A. Arneodo,5 J.-F. Muzy,5 and E. Bacryl 
TNASA's Goddard Space Flight Center, Climate & Radiation Branch (Code 913), 
Greenbelt, Md 20771, USA. 
$Los Alamos National Laboratory, Astrophysics & Radiation Measurements Group 
(NIS-2), P.O. Bon 1663 (Mail Stop C-323), Los Alamos, NM 87545, USA. 
|Centre de Recherche Paul Pascal (CNRS), Av. Schweitzer, 33600 Pessac, France. 
"Centre de Mathematiques Appliquees, Ecole Polytechnique, 91128 Palaiseau, France. 
E-mail: sroux@climate.gsfc.nasa.gov 

In physics and applied sciences, one is often faced with the problem of characterizing 
very irregular functions. Examples range from plots of various types of random walk 
(e.g., Brownian signals) to financial or medical time-series, turbulent signals from 
wind-tunnel or atmospheric studies, etc. Wavelet analysis, a general framework for 
analyzing signals in space and scale, has been described as a "mathematical 
microscope" and is well-adapted to reveal the hierarchy governing the spatial 
distribution of singularities m multifractal measures. The Wavelet Transform 
Modulus Maxima (WTMM) method is a more recent development. It is based on the 
continuous wavelet transform and enables us to generalize multifractal formalism to 
all types of singular processes, i.e., functions as well as measures. With the 
appropriate choice of analyzing wavelet, it includes standard box-counting and 
structure-function methods. The WTMM method has been tested on a variety of 
pedagogical examples and successfully applied to numerical and experimental data 
from various domains: turbulent velocity, DNA sequences, DLA clusters, etc. After 
presenting tutorial examples in ID, we show results for atmospheric liquid water path 
(retrieved from passive microwave radiometry at the ARM site in Oklahoma) that 
demonstrate its strong multifractality. We also describe a 2D generalization of 
WTMM methodology and apply it to high-resolution LANDSAT images of clouds. 

TURBULENCE PARAMETRIZATION USING FRACTAL SYN- 
THETIC FIELDS 

A. Scotti (1), A. Scotti (1) and C. Meneveau (2) 
(1) Woods Hole Oceanographic Institution, Woods Hole, MA, 02536, USA, 
(2) Johns Hopkins University, Baltimore, MD 21218, USA. 
aseottiewhoi.edu/Fax: [+l]-508-457-2181 

Turbulent fields that are encountered in many geophysical applications have 
geometric properties that are better described in terms of fractals. This 
talk presents a new way to express the subgrid stress tensor that arises in 
Large Eddy Simulation (LES) of turbulent flows by means of synthetic fractal 
subgrid-scale fields. First, the relevant matematical tool is reviewed. Next, the 
model is applied to a simple ID scenario, Burgers equation with a stocastic 
forcing. Then, the extension to the 3D case is derived, which is used to for- 
mulate a subgrid closure. The model is applied to both steady and decaying 
isotropic turbulence. We find that the assumption of fractality per se is not 
enough to yield physically meaningful results, and explore several variants of 
the model in which the rules to generate the synthetic field explicitly incorpo- 
rate the condition that energy dissipation take place. Good results are obtained 
only once the fractal dimension is allowed to vary in different eigendirections 
of the resolved rate of strain tensor as to (nearly) maximize energy dissipation. 

BEYOND     THE     MULTIFRACTAL    PHENOMENOLOGY     OF 
GEOPHYSICS: 
DYNAMICS  AND  (REVISITED)  RENORMALIZATION 

D. Schertzer. M. Larcheveque (Laboratoire de Modelisation en Mecanique, CNRS 
UMR 7607, Case 162, University P.&M. Curie, Paris. France4 PI. Jussieu, 75252 
Paris Cedex 05, France; schertze@ccr.jussieu.fr, larchevq@lmm.jussieu.fr). 
S. Lovejoy (McGill University, 3600 University Street, Montreal, Quebec, H3A 
2T8, Canada; lovejoy@physics.mcgill.ca) 

A large class of multifractal models, often called Fractionally Integrated Fluxes 
(F1F) models, had been developed for modeling of geophysical intermittent fields. 
Their static version have become rather popular for the last ten years for the 
simulation of contaminants, clouds, rain, topography, etc., whereas their dynamic 
extension is rather recent. 
We show that FIF models have a "renormalized viscosily/retiormalized forcing" 
structure: both terms correspond to the relevant contributions tuorn other scales to 
the evolution of a given scale in a renormalisation procedure. Howwer, contrary to a 
standard renormalization (DIA. RNG...), the renormalized forcing is-far from being 
quasi-gaussian and the corresponding models do yield wild probability distributions, 
i.e. strong intermittency. 
We therefore revisit renormalization techniques and obtain intermittent models built 
directly on the structures of the generating equations and not only on their scale 
invariance. 

SELF-ORGANIZED CRITICALITY i A SIGNATURE OF QUAN- 
TUMLIKE MECHANICS IN ATMOSPHERIC FLOWS 

A.M.Selvam and Suvarna Fadnavis 
Indian Institute of Tropical Meteorology, Pune 411 008 .India. 
selvamCtropnet. ernet. in 

The spontaneous organization of selfsimilar (fractal) space-time fluctuation pat- 
terns generic to dynamical systems in nature is identified as self-organized 
criticality(Bak et.al.1988: Phys.Rev.A.38,364). Atmospheric flows exhibit self- 
organised criticality manifested as the fractal geometry to the global cloud 
cover pattern concomitant with inverse power law form for power spectra of 
temporal fluctuations. Mary Selvam(1990:Can.J.Phys.68,831) and Mary Sel- 
vam et.al.(lS92:Int'l J.Climatology 12,137)have proposed a non-deterministic 
cell dynamical system model for atmospheric flows which predicts the observed 
self-organized criticality as a direct consequence of quantumlike mechanics gov- 
erning flow_dynamics. The model predictions are as follows.(l)Atmoepheric 
flows follow an overall logarithmic spiral trajectory with the quasiperiodic 
Penrose tiling pattern for the internal structure.(2)Traditional power spectral 
analyses of such spiral flow structures will reveal a continuum of eddies with 
embedded dominant wavebands.(3)The power spectra follow the universal in- 
verse powerlaw form of the statistical normal distribution^hereby providing 
unique quantification for observed self-organised criticality. (4)Climate change 
induced by man-made greenhouse gas related atmospheric warming will result 
in intensification of fluctuations of all scales seen immediately in high frequency 
fluctuations. 

A      SCALE-BY-SCALE      VALIDATION      OF 
MULTIFRACTAL MODELS IN TURBULENCE 

CONTINUOUS 

F. Schmitt (Institut Royal Mdteorologique, Sect. Climatologie Dynamique, 3 
avenue circulaire. B-l 180 Bruxelles) 

We consider two continuous (in scale) cascade models: log-Poisson and log-Levy 
(a special case of which is the log-normal model). The usual way to validate cascade 
models is to estimate f (q) defined as < |AV,f >= C^"1. This corresponds first to 
estimate some scale invariant function, and then to use it to estimate the parameters 
of cascade models. This is useful to eliminate e.g. the log-normal model, but not 
precise enough to clearly show which one from log-Poisson or log-Levy models is 
closer to data: these two models provide excellent fits of empirical £(q) curves up 
to high order of moment (of about 7). 

We therefore propose another approach, which consists in studying the statistics 
scale-by-scale: we first estimate the parameters of models at a given scale and then 
consider the scale-dependence of these parameters. This procedure can be done much 
more precisely than previously, because it is done for a fixed scale, and no more 
needs a straight-line fit in log-log using least square method. This corresponds to 
estimate <t>,(<7) = log <|AV,f >, the second Laplace characteristic function of the 
generator gt = log|AV,| of the velocity shear (it is also called cumulant generating 
function). Then we precisely estimate the range of values of q for which log- 
Poisson and log-Levy models are fitting the empirical data: this clearly shows the 
validity of the log-Levy model (with a = l.5±0.I) as opposed to the log-Poisson 
model which has no scale-invariant parameter. 

TU)ALLY INDUCED HETEROGENEITY IN DD7FERENT 
HYDRODYNAMIC CONDITIONS: A MULTIFRACTAL ANALYSIS 

L. Seuront (Station Marine, ERS 395, BP 80, 62930 Wimereux, France) 
F. Schmitt (Institut Royal Meteorologique de Bruxelles, Belgium) 
V. Gentilhomme (Station Marine) and Y. Lagadeuc (Station Marine) 
D. Schertzer (Laboratoire de Modelisation en Mecanique, Paris, France) 

The multifractal properties of temperature, salinity, in vivo fluorescence (i.e. 
estimate of phytoplankton biomass) and nutrient concentration recorded for time 
scale of 1 sec to 1 hr were investigated in different hydrodynamical regimes related 
to tidal forcing. Power spectrum and probability distribution analyses indicate that 
temperature, salinity and nitrites fields are scaling over the whole range of scales 
whereas the temporal scaling regime was approximately 1-25 sec for the 
fluorescence field, and that the whole data were hyperbolically intermittent. The 
analyses of statistical moments show that variability of these different parameters 
were well characterized by a multiscaling behavior for low order moments. 
Moreover, the characteristic spectral exponent ß, the first order scaling exponent of 
the structure functions £(1) = H, as well as the basic universal multifractal 
parameter Ci determined using the Double Trace Moment analysis technique 
clearly showed a tidal variability. These results showed that the structuration of 
temperature, salinity, phytoplankton biomass and nutrient concentration can then 
be viewed as the result of multiplicative processes, wholly dependent on the 
hydrodynamical conditions associated with tidal cycle. 
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MULTIFRACTAL   ANALYSIS   OF   CLOUDS   FROM   5000KM   TO 
SOCM AND THE DEMISE OF THE MESOSCALE GAP 

D. Stanway» S. Lovejoy, J. (Department of Physics, McGill University, 3600 
University St., Montreal, Quebec, Canada, H3A 2T8) 
D. Schertzer (L.M.M./C.N.R.S., BP 162, University Pierre et Marie Curie, 4 Place 
Jussieu F-75252 Paris Cedex 05, France) 

The standard model of the atmosphere assumes that the small and large scales 
are isotrbpic homogeneous 3-D and 2-D turbulences respectively, with these two 
qualitatively different regimes seperated by a meso-scale "gap" in the spectrum at 
scales of roughly 10km (the vertical pressure scale). Identifying the 2-D turbulence 
part with the "weather" is the classical justification for the lack of explicit treatment 
of subgrid processes in numerical weather models. We analyzed over a thousand 
visible and infra red images from geostationary (GMS), polar orbiting (NOAA 12, 
14, SPOT) satellites as well as ground based images (roughly 100 times more data 
than that used on any comparable study) to study the scaling properties of clouds 
over the range 5000km to =50cm. As predicted by the unified scaling model, the 
radiance fields are indeed very close to what is expected for universal multifractals. In 
the latter, the infinite hierarchy of exponents (e.g. dimensions/codimensions) is 
described by only three universal exponents (H, Ci.ct): the nonconservation 
exponent (H) of the mean field; the mean singularity (Ci) and (Levy) index of 
multifractality. The clustering over the values of Ci, a near Ci=0.075, a=1.88 
indicates that the probability distributions/statistical moments of the generator have 
nearly identical scaling properties over the range l-5000km. Finally, we compare 
these results with those of ground based photography, which again shows 
quantitatively similar scaling. 

A METHOD TO IDENTIFY MORPHOLOGY AND SPATIAL SCALE OF 
CLOUD SYSTEMS USING FRACTAL BOX-COUNTING DIMENSIONS 

L. M. Vaspoli de Carvalho (Dept. of Atmospheric Sciences, USP, Brazil) 

M. A. F. Silva Dias (Dept. of Atmospheric Sciences, USP, Brazil) 

L. A. Toledo Machado (Aeronautical and Space Institute, CTA, Brazil) 

Mesoscale cloud systems are followed in satellite infrared images during their life 
cycle over the equatorial Pacific Ocean. Using a technique of cloud classification 
based on IR and VIS radiance, convective tops are separated from thick anvil. Box- 
counting dimension (Db), graph dimension (Dg) and fraction of clouds (Ac) are 
computed for the images of systems and convective tops during their life cycle. 
Through the application of Principal Components Analysis using as variables Ac, 
Db, Dg for 216 images, eight patterns of clouds have been separated according to 
their spatial scale and morphology defined by multifractal properties. Time 
evolution of these patterns are studied for 68 life cycles of cloud systems. Frequency 
of patterns and how these are related to phase and duration of life cycles are 
investigated. Predominance and transition of patterns for anvils and convective tops 
are also shown. Time evolution of structural characteristics related to size, intensity 
and spatial distrubution of cells are compared to the observed change in 
morphology. It is shown that, in general, patterns of systems and embedded 
convective tops are similar, but for most cases convective tops have larger ratio 
perimeter/area. 

NONDIFFUSIVE SCATTERING STATISTICS IN UNIVERSAL 
MULTIFRACTAL  CLOUDS: 

B.Watson, department of Physics, St. Lawrence University, New York), 
S. Lovejoy,   (Department of Physics, McGill University, 3600 University St., 
Montreal, Quebec, Canada, H3A 2T8) 
D. Schertzer (L.M.MVC.N.R.S., BP 162, University Pierre et Marie Curie, 4 Place 
Jussieu F-75252 Paris Cedex 05, France) 

Recently, we developed a multifractal scattering formalism for radiative 
transfer in multifractal clouds in which the (nondimensional) extinction coefficient K 
takes the place of the scaling parameter X.  This allowed us to renormalize the 

multifractal cloud defining an "effective" extinction coefficient Ktg = K 
(Note, K'(0)<0; K(q) is the moment scaling exponent for cloud density); this result 
requires only analyticity at q=0. 

We have now extended this to certain nonanalytic cases (with exponent of 
nonalayticity   l£a<2; corresponding to universal multifractals), obtaining 

a 
Kc!l •» (logK)2. Due to large "Levy holes", photons travel extremely far - even in 
clouds which are on average very optically thick. The nondiffusive nature of this 
scattering can be quantified by comparing the most probable distance with the 
R.M.S. distance; these quantities are nearly equal in thick clouds with analytic K(q) 

at q=0, but in these universal multifractal clouds, they vary as K       ' and 
a 

(loglc)~2 respectively. Note that these occasional long distance scatters will - in 
the presence of water vapour - significantly contribute to anomalous cloud 
absorption. 

NH2 Meteorological and hydrological hazards (joint 
with HS) 

03 Flood hazards and flood risk: regional analysis 
of extremes (co-sponsored by OA) 

Convener: Bois, P. 
Co-Convener: Oancea, V. 

FLOOD PREDETERMINATION MODEL BASED ON HOURLY 
RAINFALLS STOCHASTIC GENERATION 

P. Amaud (1). J. Lavabre (1) 
(1) Cemagref BP 31, Le Tholonet, 13612 Aix-en-Provence 
patrick.arnaud@cemagref.fr / Fax: +334 42 66 99 58 

For the needs of hydrological studies, a hourly rainfall stochastic model has 
been developed to be coupled with a rainfall runoff conversion model. Thus, 
many hourly flood scenarios are obtained by simulation on very long 
periods. The hourly rainfall model has been improved and tested on a large 
area, 49 raingauges located on the French Mediterranean seaboard. With the 
rainfall generated, flow time events are simulated with the conceptual 
spatially-lumped model GR3H. The method' has been tested on 17 
watersheds on the studied area and gives good results. The advantage of this 
approach is to obtain rainfall and runoff temporal information. Different 
realistic flood scenarios, which occurrence is obtained by simulation, are 
used instead of a unique design flood. Moreover, the large use of rainfall 
information and the rainfall runoff conversion modelling seems to give a 
more important stability to this approach rather than the classical statistic 
methods. 

Ea 
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THE FREQUENCY OF LOW MAGNITUDE FLOODS: A STUDY OF THE 
RELIABILITY OF THE ANNUAL MAXIMUM SERIES METHOD 

Barttomiej Wyzga, Institute of Nature Conservation, Polish Academy of Sciences, ul. 
Lubicz 46,31-512 Krakow, Poland 

The analysis of annual maximum series is a standard procedure used to establish the 
recurrence of floods of a given magnitude; however, it ignores subordinate peaks of 
some years which exceed the lowest maxima of the series, and thus underestimates the 
occurrence of low magnitude floods. To determine the reliability of the AMS method, 
frequency distributions of low magnitude floods derived either from annual maxima 
(AMS) or from all peaks exceeding a selected threshold discharge are compared for a 
set of gauging stations located in the upper Vistula River drainage basin, but on 
streams with somewhat different flood regime and a range of catchment areas. A 
considerable variation in the mutual relation of the two series exists among the 
stations despite their close proximity. The high variation remains even when the 
recurrence intervals of the AMS are transformed to their equivalents in the partial 
duration series by means of the Langbein relationship. The divergence between the 
AMS and PDS increases with growing variability of the annual maximum discharges, 
and generally, the underestimation of flood discharges of a given recurrence interval 
by the AMS is high for streams with a flashy regime, but low for streams with more 
uniform run-off. This study shows that the actual flood magnitudes for a given 
probability cannot be satisfactorily obtained by means of a simple transformation of 
the recurrence interval for known AMS discharges. Therefore, despite the long 
tradition of using the AMS method, it is recommended that the partial duration series 
method should be employed when evaluating the occurrence of low magnitude floods. 

A METHODOLOGY FOR THE ESTIMATION OF THE IMPACTS OF 
CLIMATE CHANGE UPON FLOOD FREQUENCY (WITH 
UNCERTAINTY) 

D.S. Cameron'. K.J. Beven1, S. Blazkova2 and P. Naden3 

1 Centre For Research on Environmental Systems and Statistics, Lancaster 
University, Lancaster, LAI 4YQ. U.K. 
2 T G Masaryk Water Research Institute, Podbabska 30,160 62 Prague, Czech Rep. 
'institute Of Hydrology, Crowmarsh Gifford, Wallingford, Oxfordshire, OX10 8BB. 

E-mail: d.cameron@lancaster.ac.uk   Fax : (+44) 1524 593985 

A modelling strategy, appropriate to the assessment of the impacts of climate change 
upon flood frequencies within an uncertainty framework, is introduced. The 
methodology couples a stochastic rainfall generator with the frequency version of 
TOPMODEL for the purposes of flood frequency estimation. Following constraint 
of non-behavioural rainfall realisations through the application of an 
observed/simulated sum of absolute errors criterion (based upon duration class 
annual maximum rainfalls), multiple realisations of potential annual maximum flood 
frequency curves are produced through the use of continuous simulation and Monte 
Carlo techniques. Further constraint of these realisations is then achieved via an 
observed/simulated flood peak sum of absolute errors measure, low flow 
conditioning, and calibration/validation for continuous rainfall/runoff modelling. 
Uncertainty in the flood frequency predictions is estimated using these behavioural 
realisations within the Generalised Likelihood Uncertainty Estimation (GLUE) 
framework. Example applications are provided for assumed "stationary" conditions. 

LAST YEAR SUMMER FLOODS IN MORAVIA: WHAT IS THE FUTURE? 

L. Bodri (1) and V. Cermflc f2) 
(1) Geoph.ys.Dept., Eötvös Univ., Budapest, (2) Geophys.Inst., Czech Acad.Sci., 
Praha 
cermak@ig.cas.cz/Fax:+422-761549 

Dramatic floods occurred in Central Europe in summer 1997, Czech Republic 
being afflicted especially in its eastern part - Moravia. Predictive approach when 
modeling flood recurrence may be helpful in flood management. Summer floods 
are typical by saturated catchment due to long-lasting heavy precipitation 
followed by an extreme rainfall. We analyzed temporal variability of precipitation 
time-series by fractal analysis, revealing persistent fractional noise with 
dimensions of 1.3-1.4. Precipitation appears to be a random small amplitude 
fluctuation superposed on a background controlled by more regular quasi-cycles. 
While the individual up-down runs last 3-5 years, the persistent trends may take 
more than 15-30 years. The precipitation character in Moravia, being declining 
with a rate of 2-5 mm/yr during the past 30-35 years, changed suddenly to the 
opposite tendency following the dry period of 1992-94. We modelled 
precipitation fluctuations with the Mandelbrot's fast fractional Gaussian noise 
tecnique. Simulations were used for stochastic prediction of the precipitation 
trends causing summer floods. Our results seem to give evidence that higher 
precipitation in the last years is not a sort of provisional run but belongs to a 
persistent trend. 

REGIONAL INCREASE OF WINTER FLOODS IN SOUTHWEST 
GERMANY CAUSED BY ATMOSPHERIC CIRCULATION CHANGES 

R J. Caspary 
FH Stuttgart - Hochschule filr Technik, Stuttgart 
caspary.fbb@fht-stuttgart.de/ Fax: + 49-721-892037 

Instationarity in the time series of annual peak flow will be demonstrated for the 
Enz River Basin/Black Forest (A = 1 477 km2), the upper Danube (A - 1 320 km2), 
and the Nahe River Basin (A = 2 382 km2) in Southwest Germany. The reason for 
this is a dramatically increase in frequency and persistence of the large scale 
atmospheric circulation type "West cyclonic" (Wz) for the wintermonths (Dec- 
Feb.). During the observation period (1926-1997) nearly all extreme floods 
including the floods of Feb. 1990, Dec. 1993, and Jan. 1995 for all three Basins 
have been caused by weather type "Wz" during winter. Nonparametric tests show 
that instationarity starts for the winter-Wz-frequencies and the annual peak flows 
of the ENZ River, the Nahe River, and the upper Danube Basin in the period of 
1972 -1977. By this a shift to an increased flood risk will be demonstrated for the 
three river basins. Instationarity of the peakflows is caused by a significant increase 
of winter precipitation which itself is caused by changes of the atmospheric 
circulation. This leads to the HYPOTHESIS: "If the frequency and persistence of 
the circulation type "Wz" »ill become stabilised on the actual high level, many 
river basins in hilly regions of Southwest Germany will have a dramatically 
increased flood risk." Instationarity does not concern all Germany, but it is a 
serious regional problem for many river basins of Southwest Germany 

REGIONAL ESTIMATION OF HIGH INTENSITY SHORT DU- 
RATION RAINFALL EVENTS 

G. Boni, A. Cavallo and F. Siccardi 
CIMA - Environmental Monitoring Research Centre, University of Genova, 
Italy. 
horseCc ina. unige. it/Fax: [39] 19-862612 

The procedure for regional estimation of excess probability has been applied 
to high intensity short duration rainfall events in order to evaluate the flood 
hazard in Ligurian catchments. TCEV - Two Components Extreme Value - 
probability distribution has shown excellent descriptive and predictive capabil- 
ities, as compared with usual EV probability distributions. The determination 
of scale parameter has been performed by linking ground observed historical 
data with remote sensing observation of the typical extreme storm structure 
over the region. The observed variability of the scale parameter across the region 
suggests that the maximum annual short duration rainfall depth process has its 
central measure controlled by a simple physics. Convective processes over Lig- 
uria region are mainly driven by orographic uplift: the relative angle between 
the southern slope of the Ligurian Apennines and the direction of largest S-N 
fetch seems to control the intensity of deep convection. Experimental evidence 
is presented 

The influence of the local catastrophical phenomena in the 
atmosphere. 

D. Chitaladze, Z. Khvedelidze. 
Tbilissi State Univ., 3, Av Tshavtshavadze, 380002 Tbilissi, Georgia 

It is well-know that the concentration of the harmful substances in 
the atmosphere sharply changes during catastrophical phenomena 
which results in the further alteration of the regional and then global 
climate. Due to such phenomena as shower- type precipitations, 
intence rains heavy showing, the atmosphere clears from the 
harmful substances but at the same time there is a peculiar pollution 
of the soil, rivers, lakes and then seas and the oceans in the given 
region. Strong winds which disperse harmful substancesfrom the 
given region ovev the large territories are also of great importance. 
In order to study the given problem statistical data of the 
meteorological valuea for the last 15 years on the territory of 
Georgia will be analysed using 30 meteorological station. 
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COMPARISON   OF   FLOOD   FREQUENCY   MODELS   BASED   ON 
EXTREME RAINFALL ANALYSIS 

T? Ferrari 
Dip Difesa del Suolo, Universita 4 Calabria. 87040 Montalto Uffugo (CS), Italy 
Email: fcnari@dsseiver.unical.it/Fax: +39-984-934245 

Rood ftequency analysis often copes with scarcity of hydroraetrical data. The use 
of the whole available hydrologieal information, both floods and rainfalls recorded 
in a large homogeneous area around the examined basin, improves design flood 
estimation. Parametrical methods of identifying these areas have »me attraction 
but could give bad results. Moving from the index flood method, • hierarchical 
regional approach, employed in the Italian VAPl flood evaluation project, gathers 
air the extreme hydrologieal scries belonging to an homogenous area, _whose 
extension depends on the order of an appropriate statistics. P"*»»«»» J°EV 
distribution, employed in this procedure, performs daily rainfall analysis for the 
identification of homogeneous hvdrometric regions and subregrons. Moreover 
hourly rainfall analysis is performed for index flood relationships. The growth 
curves so obtained arc robust enough but attention must pe paid essentially to the 
regional estimation of index flood. Another interesting approach exploits 
pluviometric information for flood distribution by assuming rauifefl excess fullv 
transformed in runoff volume. This procedure, performed by the French 
AGREOEE model, fits directly local flooo data in lower return period dornain. For 
hieher return periods it derives the slope (gradex) of flood distribution from the 
distribution slope of extreme dairy rainfell recorded in *.reprwentativc site of the 
basin. The choose of this ptuviometne site and the threshold of rainfalldata 
computed for flood gradex estimation arc some of tie pecuUar steps of the 
rÄOoedure. Both AGRlGEE and TCEV models assume different behaviour of the 
flood's CDF for low and high return periods. A more detailed comparison ansc 
from the application of the models on various European hydrologieal data base. 

SCALING OF REGIONAL FLOODS - AN L-MOMENTS 
APPROACH 

L. Gottschalk f 1), R.Weingartner (2) 
(1) Department of Geophysics, University of Oslo, P.O.Box 1022 
Blindem, N-0315 Oslo, Norway, (2) Geographisches Institut, Universität 
Bern, Hallerstrasse 12, CH-3012 Bern, Switzerland 
lars.gottschalk@geofysikk.uio.no 

An approach to analyse scaling properties of floods from expected order 
statistics and L-moments is here developed further with respect to the 
procedures for determining scale coefficients. A scaling relation has been 
introduced for the expected order statistics, which allows the derivation of 
a scale dependence of L-moments, L-moments ratios and of parameters of 
theoretical distribution functions. The method used to estimate the scale 
coefficients has a significant influence on the behaviour of the tails of the 
scaling relation. The effect of this is illustrated on scale dependencies for 
the GEV distribution, with the EV1 as a special case, applied to a Swiss 
data set consisting of 182 observation series with at least 20 years of 
instantaneous floods. 

REGIONAL GEOSTATISTICAL ANALYSIS OF VERY EXTREME 
RAINFALL AND FLOODS 

P. Furcolo (1), F. Rossi (2) and P. Villani (2) 
(1) D.I.M.A., University of Catania, (2) Dip. di Ingegneria Civile, University of 
Salerno. 

Natural hydrometeorological disasters in the Mediterranean region are generated in 
the past essentially by outlying events characterized by extremely large rainfall 
intensity and rare occurrence. Because of their rare occurrence, these extreme events 
can be treated only on regional frequency bases, to reduce parameter uncertainties 
estimation in gauged sites, and for risk evaluation in ungauged sites. A statistical 
regional model includes (i) a probabilistic model, which can explain the 
extraordinarily high rainfall and floods observed in the past; (ii) a regionalization 
model, which can take into account the observed spatial variability of the statistical 
parameter of the probabilistic model. Here, a regionalization model is shown, based 
on TCEV distribution probabilisti model, with a geostatistical analysis of its 
parameters. The regional model considers that the observed variance comes from 
two sources: sampling variability, due to uncertainties into point estimates, and 
spatial variability, due to effective difference between sites. Usual geostatistical 
techniques refe to the exactitude property in gauged sites. At-site estimates are 
affected by sampling uncertainty, that can be predominant for high order parameters. 
An iterative procedure is implemented, which allows to obtain the spatial structure of 
the noiseless variate. First results are shown, with reference to a case study for an 
Italian region. The objective differentiation between areas with different risk is one 
of the most important finding of the proposed regionalization procedure. 

INCREASING FLOODING RISK CONSIDERING 
SEDIMENTATION IN THE RESERVOIR 

A. Mosaedi (Department of Water Resources Eng. Technical University of 
Budapest, H-1521, Budapest, Hungary. E-mail: mosaedi@viLbme.hu) 

Reservoirs not only trap the incoming sediment load but also reservoir 
sedimentation increases the flooding risks because of aggravation upstream of 
the reservoir. Reservoir sedimentation results in loss of storage capacity for 
flood control and/or water supply. Sedimentation in reservoirs is a random 
variable and the value of sediment coming to the reservoir and/or passing the 
outlet, should be considered as a random variable. In the study a probability 
distribution function was found for the accumulated sediment in the a 
reservoir. Therefore the value of accumulated sediment for any year during 
the life time of reservoir was estimated. Accordingly with considering the 
initial reservoir capacity, the capacity of the reservoir was estimated for any 
year after the construction of the reservoir. Obviously the reservoir capacity is 
decreasing. Applying the Moran's Model for reservoir sizing considering the 
dependence of reservoir capacity with time, the probability of overflow for 
every year after construction of the reservoir was obtained. The results of the 
study shows how the risk of flooding in downstream of the reservoir is 
increases during the life time of a reservoir. 

ANALYSIS OF THE METEOROLOGICAL PATTERNS PRODUCING 
FLASH FLOOD IN THE IBERIAN PENINSULA 

L.Gimeno(l), A.Rua(2) , M.Blanco(1), 
D.Vidueira(l) 
(1) Facultad de Ciencias de Orense, Univeridad de 
Vigo, (2) Departamento de Estadistica, Universidad 
Complutense de Madrid./Fax 34 88 387159 

During October and November 1997, more than twenty 
people died in the Iberian Peninsula as a result 
of flash flood. This situation repeats every year. 
The meteorological patterns that produced the 
intense rain that resulted in flash flood differ 
widely. Very intense synoptic patterns like front 
or cutt-off-lows, mesoescale convective systems or 
even intense storms can produce flash flood. In 
this study we analyze the meteorological patterns 
producing flash flood in the Iberian Peninsula in 
the last ten years. 

REGIONALIZATION OF THE EXTREME ANNUAL RAINFALL USING 
THE TWO-COMPONENT EXTREME VALUE MODEL : DISCUSSION 
AND APPLICATION 

B. RVersiani (1), M.C. Naghettini (1) and P. Bois (2) 
(1) Escola de Engenharia da UFMG, (2) Laboratoire d'Etude des Transferts en 
Hydrologie et Environnement 
versiani@cce.ufmg.br/Fax++55 31 238 1001 

This paper presents the regionalization method of maximum rainfall based on the 
cumulative distribution function ( CDF) of the Two-Component Extreme Value ( 
TCEV), developed by Rossi et al (1984) and its application on the daily maximum 
annual rainfall samples over the region of Minas Gerais (Brazil). This statistical 
model is based on the product of two exponentials, both representing a Poisson 
process: the first corresponding to the most frequently maximum rainfall 
generated and the other corresponding to the oudiers . Theoretical aspects of the 
model are briefly presented and discussed. The regionalisation technique is 
divided in two parts.The first regionalisation level consists in defining the 
homogeneous regions.. Working with dimensionless values, the data of the 
homogeneous regions are pooled together to give a single series of station-year. 
The second regionalisation level consists in defining sub-regions where the third 
parameters of the cumulative distribution function TCEV are constant. The 
procedure used is a first step to define hydrologieal homogeneous regions related 
to the flood frequency studies. 
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OA27 Marine tropospheric chemistry 

Convener: Brauers, T. 
Co-Convener: Schrems, O. 

THE ALBATROSS FIELD CAMPAIGN: SETUP AND 
METEOROLOGICAL CONDITIONS 

T. Brauers (1), H.-P. Dorn (1), 0. Schrems (2) and R. Weller (2) 
(1) Institut für Atmosphärische Chemie (ICG-3), Forschungszentrum Jüiich, 
Germany, (2) Alfred-Wegener-Institut für Polar- und Meeresforschung, Bre- 
merhaven, Germany. 
Th.BrauersCfz-juelich.de/Fax: [49] 2461 61 5346 

From October 5 to November 10, 1996, the field campaign ALBATROSS (Air 
chemistry and lidar studies of tropospheric and stratospheric species on the 
atlantic ocean) aboard the research vessel POLARSTERN was carried out in 
order to examine the atmospheric chemistry processes in the remote marine 
atmosphere. A comprehensive set of trace gas concentrations and meteorologi- 
cal parameters were measured simultaneously during the cruise which extended 
from Bremerhaven (53°N) around Iceland (68°N) and finally to Punta Quilla, 
Argentina (55°S). We will describe the general features of the campaign, suma- 
rize the measurements, the techniques and setup of the instruments on board 
the ship. The meteorological data, along with in-situ trace gas measurements, 
such as NOx and ozone, will be used to characterize the nature of the air 
masses encountered and to provide a classification of the different episodes of 
the campaign. 

SPATIO-TEMPORAL VARIABILITY OF IONIC COMPOSITION OF 
AEROSOLS, DMSO AND AITKEN NUCLEI DURING THE  ALBATROSS 

E. Baboukas(l), J. Sciare(2), H. Bardouki(l), A. Gwgou(l) and N. Mihalopoulos(l) 
(1) University of Crete, Dept. of chemistry, 71409 Heraklion, Greece (2) CFR, avenue 
de la Terrasse, 91198, Gif-sur-Yvette, France.mihalo@chemistry.uch.gr/ Fax: + 30-81- 

In order to investigate the oxidation reaction of DMS in the marine atmosphere, during 
the Albatross campaign in the Atlantic ocean, samples were collected for determination 
of its oxidation products. In this article we will examine the distribution of paniculate 
phase oxidation products: nss-S04, methanesulfonfc acid (MSA) and DMSO collected 
by using 6-stage impactor. The use of 6-stage impactors in addition allowed us to 
determine the distribution of the above mentioned species. Very low nss-S04 
concentrations were observed (mean value of submicronic: 5nmoi/m3) which indicates 
that during the biggest part of the experiment we received the influence of pure oceanic 
air masses.One exception was around the 20th October when the boat was sailing near 
to Africa. MSA concentrations followed remarkely well the atmospheric DMS 
concentrations. The variations of DMSO as well those of smaller organic acids, like 
oxalate and pyrouvate are also presented and their variation are discussed. 

MEASUREMENT OF THE HOx (OH+HOa) PRODUCTION 
RATE IN THE BOUNDARY LAYER OF THE ATLANTIC 
OCEAN 

T. Brauers (1), A. Kraus (1), A. Hofzumahaus (1) and R. Weiler (2) 
(1) Institut für Atmosphärische Chemie (ICG-3), Forschungszentrum Jüiich, 
Germany, (2) Alfred-Wegener-Institut für Polar- und Meeresforschung, Bre- 
merhaven, Germany. 
Th.BrauersCfz-juelich.de/Fax: [49] 2461 61 5346 

The photochemical production of OH and H02 radicals strongly influences the 
oxidizing capacity of the troposphere. During the ALBATROSS field campaign 
in Oct./Nov. 1996 on board the german research vessel POLARSTERN we 
measured the photolysis frequencies of 03 ->0('D)-l-02, HCHO-» H+CHO, 
and H202 -+20R" using filter radiometers and a calibrated spectroradiometer 
measuring UV actinic fluxes. In combination with simultaneously measured 
concentrations of ozone, water vapor, formaldehyde, and hydrogen peroxide 
in the marine boundary layer we calculate the relative contributions to the 
HOx production rate from the different photolytical radical sources. We ana- 
lyze these quantities with respect to their meridional distribution and for their 
individual contributions to the budget of HOx depending on the trace gas con- 
centrations (i.e. ozone and NOx). 

COMPARISON OF HCHO AND SOa MEASUREMENTS IN THE 
BOUNDARY LAYER OF THE ATLANTIC OCEAN 

A. Bister (1), T. Brauers (1), H.-P. Dorn (1), M. Hausmann (1), R. Weiler (2) 
and U. Krischke (3) 
(1) Institut für Atmosphärische Chemie (ICG-3) Forschungszentrum, Jüiich, 
(2) Alfred-Wegener-Institut, Bremerhaven, (3) Zentrum für Umweltforschung, 
Frankfurt. 
A.BisterMz-juelich.de/Fax: [49] 2461 61 5346 

During the ALBATROSS field campaign aboard the german research vessel 
POLARSTERN tropospheric S02 and HCHO concentrations in the marine 
boundary layer of the Atlantic Ocean were measured by several experiments. 
Measurements of the long-path laser absorption experiment DOAS yielded con- 
centrations for both species with typical detection limits of 240 pptv for S02 

and 770 pptv for HCHO and a time resolution of 5 minutes. During the cam- 
paign, SO2 mixing ratios were also measured using S02 filter sampling with a 
detection limit of 3.6 pptv S02 at average time intervalls of 55 minutes. HCHO 
mixing ratios were determined in 20 minute averages by another experiment 
using a Hantzsch method instrument with a detection limit of 80 pptv HCHO. 
Taking into account the different time resolutions, detection limits and meth- 
ods of the experiments, a careful statistical analysis is conducted to derive a 
comparable set of data. The consistency of measurements is verified to prepare 
a closer examination of S02 and HCHO mixing ratios in the context of marine 
tropospheric chemistry. 

PEROXY RADICAL MEASUREMENTS IN THE MARINE 
BOUNDARY LAYER 

J.Burkert, M.D. Andres Hernandez, D. Stobeher and J.P.Burrows 
Institut für Umweltphysik, Universität Bremen, Postfach 330440, D-28334 Bre- 
men, -Germany-. 
burkertegomeS.physik.uni-bremen.de/Fax: [49] 421 218 4555 

The peroxy radicals (R02 i.e. H02, CH302, CH3C002 etc.) play an impor- 
tant role in the chemistry of the marine boundary layer. During the day, they 
lead to a chain reaction which either produces or destroys ozone (O3) depend- 
ing on the amount of NOr molecules present. Peroxy radicals produce via 
their self reaction peroxides (H202, CH3O2H, etc.), which are important ox- 
idising agents in clouds and raindrops. During the ALBATROSS-campaign 
(Polarstern cruise XIV/1, Bremerhaven - Punta Quilla) peroxy radicals were 
measured, with a chemical amplifier designed at the University of Bremen, from 
05.10.96 to 10.11.96. The chemical amplifier measures the sum of all oxy- and 
peroxy-radicals. The main objective was to determine the behaviour of ROj 
in unpolluted (NOr < 17 pptv) northern- and southern-hemispheric (50°N - 
30"S), marine air. A second objective was the validation of the results from 
the Polarstern cruise ANT X (1991). Diurnal variations with maximum radical 
mixing ratios of 18 pptv were measured. The resultant production of H302 

from the peroxy radicals has been modelled and compared to measurements 
taken during the research cruise. 
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BROAD SCALE VARIABILITY OF DMS IN THE ATLANTIC. 
ASSESSMENT OF SOME CONTROLLING FACTORS 

S. Belviso (1), N. Mihalopoulos (2), J. Sciare (1), H. Claustre (3), V. Martin 
(4), M. Denis (4) 
(1) Centre des Faibles Radioactivity, CNRS-CEA Gif-sur-Yvette, (2) 
Department of Chemistry, University of Crete, (3) Laboratoire de Physique et 
Chimie Marines, CNRS & University Paris 6, (4) Laboratoire d'Oceanographie 
et de Biogeochimie, Centre d'OceanoIogie de Marseille 
sciare@obelix.saclay.cea.fr/F AX:+33-169088546 

To better understand the meridional variability of the DMS sea surface 
concentration and its controlling factors, DMS was measured concomitantly 
with paniculate and dissolved forms of dimethylsulfoniopropionate (pDMSP 
and dDMSP), phytoplanktonic pigments and cell numbers, during the 
ALBATROSS-MARATHON campaign across the Atlantic (from 65°N to 
45°S). The spatial resolution along 30°W was about 150 km. The 
DMSPd/DMSPp and DMS/DMSPp ratios decreased poleward as the SST and 
contrary to marine productivity, excluding in this latter case most of the tropical 
waters (20°N- 10°S). In the mesotrophic waters north of 45°N and south of 35°S 
(ChLa > 0.1 ug/1), pDMSP and Chla were highly correlated as the pDMSP size 
fractions <10 um and >10 urn with the pigments 19'HF and peridinin of 
prymnesiophytes and dinoflagellates respectively. In the 45°N-35°S zone, the 
pDMSP/CHLa ratio was highly variable and culminated in the oligotrophic 
waters. These results highlight the strong similarities between the meridional 
distributions of pDMSP and of phytoplanctonic carbon. 

Levels and patterns of semivolatile organohalogenated compounds in marine 
air of the Atlantic Ocean 

S. Dörrler (1). K. Ballschmiter (1) . 
(1) Department of Analytical and Environmental Chemistry, University of Ulm 
<steffen.doerrler@chemie.uni-ulm.de> Tel. ++49-731-50-22745 

Chlorinated hydrocarbons have been produced since the early thirties for different 
purposes. Through the application they were brought into the environment, 
intentional or unintentional. Usually the atmosphere is considered to be the major 
pathway for this environmental chemicals to previously uncontaminated areas. They 
are distributed between atmosphere, hydrosphere, sediments and biosphere on a 
finally global level, governed by their physico-chemical properties. The complex 
process of distribution and accumulation may be superimposed by abiotic and biotic 
transformations. The following compounds were quantified in air samples of the 
tropospheric boundary layer of the Atlantic Ocean: polychlorinated biphenyls 
(PCB), hexachlorocyclohexane-isomers (HCH), chlorobenzenes (PCBz, HCB), 
members and metabolites of the DDT-group, and of the cyclodien-insecticides. The 
samples were taken during a north-south cruise of the german research vessel 
"Polarstern" in autumn 1996. If long distance inputs from continental sources can be 
excluded, the patterns of the investigated chemicals in the marine clean-air reflect 
the air/sea water equilibrium. The knowledge of this partition coefficient is very 
valuable for the prediction of a global behaviour. The mentioned environmental 
chemicals are present in marine air in concentrations down to a few picograms per 
mJ air. The necessary enrichment for their determination was achieved by adsorptive 
high volume air sampling on graphit covered silica gel. Sample preparation was 
done by solvent desorption, preseparation by liquid adsorption chromatography on 
silica gel and by high resolution capillary gas chromatography with electron capture 
detection (HRGC/ECD). 

FIRST ATLANTIC MERIDIONAL TRANSECT OF SEA SURFACE DMS 
CONCENTRATION ALONG 30°W WITH 15 KM OF SPATIAL RESOLUTION 

S. Belviso (1), N. Mihalopoulos (2), J. Sciare (1) 
(1) Centre des Faibles RadioactivitÄs, CNRS-CEA Gif-sur-Yvette, (2) Department of 
Chemistry, University of Cretesciare@obelix.saclay.cea.fr/FAX: +33-169088546 

During the ALBATROSS-MARATHON campaign across the Atlantic aboard Polarstern 
in Oct./Nov. 1996, 920 measurements of DMS were carried out at sea surface between 
65°N and 45°S along 30°W, with a spatial resolution of about 15 km. This has helped 
the understanding of the role of mesoscale hydrographic structures (fronts, eddies and 
currents) in the surface budget of oceanic DMS. The spatial distribution of DMS in the 
subtropical and intertropical Atlantic was strongly influenced by the presence of fronts 
which showed DMS levels at least twice and up to 20-fold higher than in the non frontal 
areas. In the subtropical areas during spring and autumn, fronts contributed to the 
reduction of the poleward negative gradient of DMS concentration. In the intertropical 
zone they markedly enhanced the high DMS background typical of the area. The 
ALBATROSS-MARATHON high resolution oceanic DMS dataset has been used to 
estimate the DMS emissions to the atmosphere and to investigate the fate of DMS in the 
remote marine troposphere (J. Sciare et al., this session). 

ALKYL NITRATES AND MULTIFUNCTIONAL ALKYL NITRATES IN 
REMOTE ATLANTIC AIR 

R.G. Fischer (1), K. Ballschmiter (1,2) 
(1) Department of Analytical and Environmental Chemistry, University of Ulm 
<ralf.fischer@chemie.uni-ulm.de> Tel.: +49 731 502 2761 

Alkyl nitrates are complex mixtures of homologues and isomers and are part of the 
large NO, pool of important atmospheric trace compounds. The source of alkyl 
nitrates in the troposphere is the conversion of hydrocarbons in the reaction chain 
with OH/H20//02//NO. This reaction scheme may repeat itself leading to keto alkyl 
nitrates or to alkyl dinitrates. Alkenes lead via the reaction with OH or NOj 
preferably to multifunctional organonitrates like the hydroxy alkyl nitrates or the 
alkyl dinitrates. The atmospheric lifetimes are in the range of some weeks and allow 
therefore a long range transport to the unpolluted marine troposphere. 
Alkyl nitrates with chain lengths up to eight carbons, alkyl dinitrates, and alkyl 
hydroxynitrates with chain lengths up to six carbons have been detected in the 
remote troposphere of the Atlantic Ocean along 30°W of longitude on the german 
RV Polarstem (Cruise ANT XIV/1), by adsorption on Tenax TA. The analysis was 
performed after thermal desorption on a polar stationary phase (DB 1701) by HRGC 
with electron capture detection. Cj-Cs alkyl nitrates show low concentrations in 
clean marine troposphere of 3 pptv and higher concentrations reveal the influence of 
the continental air (e.g. 8.4 pptv in the west wind belt, influenced by the south 
american continent) as the source of the alkyl nitrates after long range transport. 

COMPARISON OF LONG-PATH LASER ABSORPTION AND 
LASER INDUCED FLUORESCENCE MEASUREMENTS OF OH 
RADICALS IN THE MARINE ATLANTIC BOUNDARY LAYER 

H.-P. Dorn, A. Bister, T. Brauers, M. Hausmann, A. Hofzumahaus, 
F. Holland, M. Sedlazek and M. Weber 
Forschungszentrum Jülich GmbH, Atmosphärische Chemie, Jülich, Germany. 
H.P.DornOfz-juelich.de/Fax: [+49] 2461 61 8188 

The concentration of free hydroxyl radicals in the marine boundary layer 
of the Atlantic Ocean was simultaneously measured by long-path laser ab- 
sorption spectroscopy and laser induced fluorescence spectroscopy during the 
ALBATROSS campaign aboard the German research vessel POLARSTERN. 
The long-path instrument provides an absolute and calibration free measure- 
ment of OH, whereas the LIF instrument needs calibration in the field. 
Both instruments were placed 18m apart on the compass deck and probed the 
air at a height of 29 m above the sea. The absorption instrument used a light 
path of 2240 m folded into a multiple reflection cell with a mirror separation 
of 20 m. Temporally overlapping OH data of both instruments are available for 
7 days in a latitudinal range between 5°N and 30 °S. We compare all diurnal 
profiles of OH measured concurrently with both instruments. The correlation 
of the OH data sets allows a careful check of the calibration procedure applied 
for the LIF instrument. The data comparison will be discussed in terms of 
calibration uncertainties and possible interferences by ship exhaust. 

THE LATITUDINAL DISTRIBUTION OF HYDROCARBONS 
AND HALOCARBONS DURING THE ALBATROSS-CAMPAIGN 

M. Gautrois (1), R. Koppmann (1), G. Leckebusch (2), A. Reiner (2) and P. 
Speth (2) 
(1) Inst. f. Atmos. Chem. (ICG-3), Forschungszentrum Jülich, (2) Inst. f. Geo- 
physik u. Meteorologie, Universität Köln. 
M.GautroisOfz-juelich.de/Fax: [49] 2461 61 5346 

During the cruise of the German research vessel 'Polarstern' (ANT XIV/1, 
October/November 1996) the latitudinal distributions of CO, light nonmethane 
hydrocarbons (NMHC) and halogenated Ci - C2 hydrocarbons were measured 
in the boundary layer over the Atlantic. The measurements covered a latitude 
range between 65°N and 45°S. Carbon monoxide was measured in-situ, while 
NMHC were measured from one hundred whole air samples collected in stainless 
steel canisters. Highest mixing ratios for most of the determined compounds 
were observed in the Northern Hemisphere in the latitude range from 45°N to 
65°N. On average, ethane, propane and acetylene mixing ratios were about 1000 
ppt, 300 ppt and 150 ppt, respectively. Trajectory analyses indicated that the 
air masses originated from the North American continent. Between 40°N and 
30°N a minimum in the mixing ratios of these compounds was observed. During 
this part of the cruise remote mid-Atlantic air masses were sampled. For light 
hydrocarbons and halocarbons, except methylcnloride, a pronounced gradient 
was found in the latitude range from 30° N to the intertropical convergence zone 
(ITCZ). In the Southern Hemisphere the mixing ratios of CO and NMHC were 
almost constant at extremely low levels. 
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ORGANIC COMPOSITION OF MARINE AEROSOLS OVER THE 
ATLANTIC OCEAN: STUDY OF THEIR ORIGIN AND 
OCCURRENCE DURING THE ALBATROSS CAMPAIGN. 

A. Gogou, N. Mihalopoulos and E.G. Stephanou. 
University of Crete,  Department of Chemistry, '71409  Heraclion, 
Greece. 
gogou@chemistry.uch.gr/Fax: ++ 30-81-210951 

Atmospheric organic constituents in the marine remote atmosphere has 
been compiled in order to reconcile their sources, transport processes 
and fates after long-range transport. Airborne paniculate samples 
were collected by high-volume filtration on October 1996, during the 
Albatross cruise across the Atlantic ocean. In this study the 
hydrocarbon series, namely the aliphatic hydrocarbons, included n- 
alkanes and an unresolved complex mixture of hydrocarbons (UCM), 
and the polyaromatic hydrocarbons (PAHs) will be presented, n- 
Alkanes were found in low concentrations, and they ranged from C17 

to C3J with an odd-to-even carbon number predominance, indicating an 
origin from terrestrial plant waxes. PAHs, mainly of anthropogenic 
origin were minor constituents during the whole experiment. 
Moreover, the use of 6-stage imactor allowed the observation of an 
episode of transport from the African coast and the correlation of 
biogenic and antropogenic organic matter with different-sized 
particles. 

UV-B RADIATION MEASUREMENTS OVER NORTHERN AND SOUTHERN 
ATLANTIC 

H. T/g and Chr. Gro° 
Alfred-Wegener-Institut, Bremerhaven, FRG 
htueg@awi-bremerhaven.de, Fax: +49-471-4831-149 

During the ALBATROS campaign continuous atmospheric UV-B measurements were 
made aboard the research vessel Polarstem. Data were collected from October 10 to 
November 11, 1996 during an Atlantic transect from 65o N to 50o S followed by a 
second cruise from November 14 to December 30, 1996 from 54o S (o 62o S. The 
UV-B instrument was a non-scanning array spectroradiometer operating with 32 
independent photon-counting channels (microchannel plate detector). Due to the high 
stability calibrations were necessary only before and after the cruise. 

The UV-B radiation measurements have been correlated with stratospheric ozone and 
other trace gases measured simultaneously during the campaigns. The results show 
short term ozone variations depending on the geographic latitude. In 1997 the data 
were supplemented from October 15 to November 7 with additional measurements 
during a further cruise from 50o N to 35o S. The data have been campared with the 
results of the ALBATROS campaign. 

FACTORS CONTROLLING THE OBSERVED SEASONAL VARIATION 
OF SURFACE OZONE AT AMSTERDAM ISLAND. 

V. Gros^. N. Poisson"1, D. Martin'", M. Kanakidou"1 and B. Bonsang"'. 
' Centre des Faibles Radioactivites, CEA/CNRS, Gif sur Yvette, France 
e-mail gros@lmce.saclay.cea.fr 

Since January 1994, continuous surface ozone measurements are carried out at 
Amsterdam island (37°S, 77°E) in the Southern Indian ocean using a Thermo- 
Electron Model 49 UV analyser. Mean ozone concentrations and standard 
deviations are recorded every five minutes. The ozone time series for the four 
years period (1994-1997) will be shown and discussed. During this period, ozone 
shows a seasonal variation with maxima around 30 ppbv during winter (July to 
September) and minima around 13 ppbv during summer (December to February). 
Ozone levels at Amsterdam island are close to those observed at Cape Grim 
(Tasmania, 4l°S, 145°E) for the period of 1991 to 1995. Our observations have 
been analysed by using a global 3D climatological model MOGUNTIA. The 
model is reproducing well the observed O, mixing ratios and their seasonal cycle. 
MOGUNTIA will be used to identify and quantify the contribution of different 
factors on the O, seasonality : stratospheric influx of 0„ NMHC chemistry and 
biomass burning emissions of O, precursors (long range transport). 

MEASUREMENTS OF THE OH AND H03 CONCENTRATIONS 
IN THE MARINE BOUNDARY LAYER DURING ALBATROSS 
USING LASER-INDUCED FLUORESCENCE SPECTROSCOPY 

F. Holland, A. Hofzumahaus, M. Sedlacek and M. Weber 
Inst. f. Atmos. Chem. (ICG-3) Forschungszentrum, 52425 Jülich, Germany. 
I .holland9fz-juelich.de/Fax: [49] 2461 61 5346 

Atmospheric hydroxyl (OH) and hydroperoxyl (HO2) radical concentrations 
were measured during the ALBATROSS field campaign aboard the german 
research vessel POLARSTERN in October 1996 in the marine boundary layer 
of the Atlantic Ocean. Measurements extended from 30° N to 30° S mainly 
along the meridian 30° VV and covered a time period of 14 days. The highly 
sensitive technique of laser-induced resonance fluorescence spectroscopy (LIF) 
in an expanding gas beam of ambient air at low pressure was used to detect OH 
radicals in ambient air. In a second fluorescence cell NO was added to convert 
about 70 % of the HO2 radicals into OH. The fluorescence signal detected in this 
channel therefore was a measure for both, OH as well as HO2 (= HOj) radicals. 
Diurnal cycles of both radicals were measured in parallel with a typical time 
resolution of about 2 min. Usually the ambient air measurements started before 
sunrise and ended after sunset. During the night time hours the instrument 
was calibrated. However, on single occasions the ambient air measurements 
were carried on into the night yielding a HOx signal well above the detection 
limit of our instrument. The diurnal cycles of OH and HO2 and the night time 
measurements will be presented. Correlations of the radical concentrations with 
different photolytic production pathways will be discussed. 

MEASUREMENTS    OF    THE    OH    CONCENTRATION    IN 
THE  BOUNDARY LAYER OF THE ATLANTIC  OCEAN BY 
DIFFERENTIAL OPTICAL ABSORPTION SPECTROSCOPY 

M. Hausmann, T. Brauers, A. Bister and H.-P- Dorn 
Institut   für   Atmosphärische   Chemie   (ICG-3)   Forschungszentrum   Jülich, 
Germany. 
M.Hausmann«fz-juelich.de/Fax: [49] 2461 61 5346 

Simultaneous measurements of the concentration of OH radicals, SO2 and 
HCHO in the marine boundary layer were performed during the ALBATROSS 
field campaign aboard the German research vessel POLARSTERN. Laser long- 
path absorption along a 112-times folded light path of 2.24 km total length, set 
up about 30 m above the sea surface, was applied. This paper presents results 
of the OH measurements. In total 600 OH data points were recorded along 
the 30th meridian between 5° N and 35° S. Maximum OH concentrations were 
found at local noon varying between 6.5xl06 cm-3 and 9.5xl06 cm-3. The 
measurement limit was about l.OxlO6 cm-3. The time series of the OH con- 
centration is presented and a first analysis is discussed. 

CHEMICAL PROCESSES AND INTERACTION WITH TRANS- 
PORT IN THE MARINE TROPOSPHERE. AN OVERVIEW. 

Maria Kanakidou (1,2) 
(1) Centre des Faibles Radioactivites, Laboratoire Mixte CNRS-CEA, 91198 
Gif-sur-Yvette, France, (2) University of Crete, Department of Chemistry, 
71409 Heraklion, Greece. 
mariakSlmce.saclay.cea.fr/Fax: [33] 1 69087716 

The oxidant chemistry of the marine troposphere has a major impact on the 
cycles of sulfur, nitrogen, and carbon species. Main features of the atmospheric 
chemistry of hydroxyl and halogen radicals are described. 
Experimental indications for interaction of chlorine atoms with ozone and 
dimethylsulfide (DMS) chemistry will be reviewed. The implications of these 
processes for the trace gas budgets in the marine troposphere are speculated 
on the basis of model results. 
Data on the oxidation of hydrocarbons and DMS in the clean atmosphere are 
examined with respect to observations of relevant trace compounds. Perturba- 
tions of the marine atmosphere by anthropogenic and more generally continen- 
tal emissions of trace gases and particles are demonstrated based on observa- 
tions and on the results of chemistry/transport models. 
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How well can we simulate the atmospheric chemistry of the marine boundary layer 
of the Atlantic ocean? 

M.Kanakidou (1), J. Sciare (1), E. Baboukas (2), S.Belviso (1), T. Brauers (3), 
H.P.Dom (3), U. Krichke (4), N. Mihalopoulos (2). 
(I) CFR, avenue de la Terrasse, 91198, Gif-sur-Yvette, France, (2) University of Crete, 
Dept of chemistry, 71409 Heraklion, Greece, (3) K.F.A. P.O. Box 1913, 5170 Juelich, 
Germany, (4) ZUF, Frankfurt, Germany,mariak@lmce.saclay.cea.fr, 
mariak@chemistry.uch.gr / Fax: + 33-1-69087716. 

The Albatross/MARATHON experiment performed in the Atlantic ocean in Oct-Nov 
1997 consists a unique opportunity to evaluate 1) the current understanding of the key 
chemical processes occurring in the marine boundary layer (MBL) and 2) the ability of 
chemical transport models to simulate atmospheric chemistry in the MBL. Indeed an 
important set of chemically reactive trace compounds including the OH and H02 key 
radicals for tropospheric chemistry has been measured mainly in pure oceanic air 
masses.Zero-dimensional and three-dimensional modelling approaches have been used to 
address crucial questions for the MBL chemistry concerning 1) the correctness of the 
simulations of the levels and the diurnal variation of H02 and OH radicals, 2) the N-S 
distribution of 03 and CO, 3) the reconciliation of the observed atmospheric 
concentrations of DMS with the measured DMS fluxes from the ocean and the observed 
OH radical levels and 4) the coherence between the distribution of DMS oxidation 
products S02, MSA, DMSO and the known routes of DMS oxidation. The comparisons 
between model results and observations are presented and thoroughly discussed. 

TOTAL COLUMN DENSITY MEASUREMENTS 
OF ATMOSPHERIC TRACE GASES BY SOLAR 
ABSORPTION SPECTROSCOPY 

J. Notholt (1) and 0. Schrems (2) 
(1) Alfred Wegener Institute for Polar and Marine Research, Potsdam, FRG 
(2) Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, FRG 

. jnotholt@awi-potsdam.de/FAX: +49-331-288-2137 

During the ALBATROSS campaign in 1996 total column density measurements of 
atmospheric trace gases have been performed by solar infrared absorption 
spectroscopy for the first time aboard a ship by means of a high-resolution FTIR 
spectrometer. The spectra have been recorded with the commercial Bruker 120M 
FTIR spectrometer up to a resolution of 0.0038 cm'. The meteorological conditions 
during the ship cruise permitted to record spectra from 50°N to 40°S. 

The analysis of the spectra allowed to quantify the total columns of several 
tropospheric (e.g. CO, CH4, QH6, CH20, CFC-12, CFC22) and stratospheric trace 
gases (e.g. HC1, N02, HNO„ Os, NO,). For some trace gases a profile retrieval 
could be performed by dividing the atmosphere into several layers. The total columns 
of the long-lived tropospheric trace gases (N,0, CH4, CFCs) are mainly influenced 
by variations of the tropopause altitude. The results for the reactive tropospheric 
trace gases show strong variabilities, which are assigned to biomass burning (e.g. 
CO) or to pollution of anthropogenic origin in the northern hemsiphere (C:H6). 

ALKYL   NITRATES   -   TRACE   CONSTITUENTS   OF   THE   MARINE 
TROPOSPHERE 

J. Kastlerfl), K. Ballschmiter(1) ,.„..'   „., 
(1) Department of Analytical and Environmental Chemistry, University of Ulm 
<juergen.kastler@chemie.uni-ulm.de> Tel.: +49 731 502 2762 

Organic esters of nitric acid, known as alkyl nitrates or organo nitrates, which are 
considered to be components of the so called photochemical smog, are built by the 
atmospherical degradation of hydrocrbons in the atmosphere [1]. In the last years, 
efforts were made to detect these substances in polluted and pristine air as well, 
focussing on short chain alkyl mononitrates of continental air masses. Only a few 
reports of measurements of alkyl nitrates in the marine troposphere were published 
up to now [2-4]. These first investigations make it likely that there exist distinct 
differences in the alkyl nitrate patterns of marine air masses compared to continental 
ones The concentrations of primary alkyl nitrates relatively to secondary ones seem 
to be much higher in marine air compared to continental air [6]. In this paper we 
present results obtained from analysis of marine air of the Atlantic Ocean collected 
during cruise ANT XIV/1 of the German RV Polarstern from Bremerhaven 
(Germany) to Punta Quilla (Argentina) in october/november 1996. A high volume 
technique was applied to collect mono- and multifunctional alkyl .""raj«, 
respectively, using silicagel and graphitized silicagel as adsorbent materials. The 
clean-up step was performed by HPLC with an organo nitrate stationary phase 
synthesized in our own laboratory [6]. Separation and identification of single 
substances was done by HRGC-ECD and HRGC-MSD on polar and non-polar 
sationary phases. Disturbing peaks could be eliminated to a high degree by running 
the mass spetrometer in the single-ion-monitoring mode using the m/z-ratio 46 arnu 
which indicates the existence of the NO,*-ion which is characteristic for alkyl 
nitrates. 

LIDAR OBSERVATION OF AEROSOL IN THE TROPOSPHERE 
BETWEEN 20°N TO 30°S ABOVE THE ATLANTIC OCEAN 

P. Rairoux (1), R. Neuber (1), O. Schrems (2), S. Frey (3), L. Woste (3) 
(1) Alfred Wegener Institute for Polar and Marine Research Potsdam, 
14401 Potsdam, (2) Alfred Wegener Institute for Polar and Marine 
Research Bremerhaven, 27750 Bremerhaven (3) Institute for 
Experimental Physics, Free University Berlin, 14195 Berlin. 
rairoux@awi-potsdam.de,   ++49-331 -288.21.29 

Lidar observations of tropospheric aerosols were performed during the 
ALBATROSS 1996 campaign aboard the research vessel 
"POLARSTERN" on the Atlantic ocean in October-November 1996. 
The Lidar (Light detection and ranging) is a suitable technique for the 
aerosol vertical sounding from 400 m above sea level up to the 
tropopause. During this campaign, measurements were recorded between 
20°N to 30°S along the 30°W longitude. The following observations were 
retrieved from these measurements: -The longitudinal distribution of the 
maritime atmospheric boundary layer height and the thickness of the 
entrainment zone above this layer. -The vertical distributions of the 
aerosol mass mixing ratio along the 30°W longitude that show long range 
aerosol rich air masses transport from the African and American 
continents. -The frequent formation in the tropical region of high 
altitude cirrus clouds located close to the tropopause. 

MEASUREMENTS OF SO, AND NSS-SO/ OVER THE ATLANTIC 
OCEAN DURING ALBATROSS: A CASE STUDY ON THE KINETICS OF 
THE SO, OXIDATION IN THE MARINE BOUNDARY LAYER. 

U. Krischke and W. Jaeschke 
Zentrum für Umweltforschung, J.W. Goethe-Universität, D-60325 Frankfurt/M 
krischke@zuf.uni-frankfurt.de/Fax: (+49)69/7982-8548 

Measurements of sulfur dioxide (SO,) and non-sea-salt sulfote (NSS-SO^) were 
performed on board of the RV "POLARSTERN" in 10/11 1996 as part of the 
ALBATROSS measuring campaign. The measurements cover a latitudinal range 
from 66.7°N to 37.8°S. Compared to publications of other authors distinctively 
lower background concentrations of SO, have been observed in the marine 
boundary layer (MBL) over the Atlantic ocean. Background values were found to be 
0.85 nmol m° (19 pptv) for SO, and 7.42 nmol m° for total NSS-S04

2". The size 
fractionated aerosol samples (d > 1 um and d < 1 um) of NSS-SO,2' show that an 
average of 33% of the total NSS-S04

2" exists in the particles with d > 1 urn. 
According to the studies of Sievering et al. (1991), the main fraction of this 
NSS-S04

2" is produced by heterogeneous oxidation of dissolved SO, via O, in the 
sea-salt aerosol-water of coarse mode particles. 
Trajectory analysis as well as measurements of specific tracers indicate that on 
10/12/96 the ship was in the plume of a volcano which erupted on Iceland during 
the cruise. This provided the unique opportunity to study the kinetics of the 
heterogeneous oxidation of SO, by 03 in the MBL with an empiric 
physico-chemical approach by considering the atmosphere as a natural flow reactor. 
The results of this kinetic study will be presented. 

SPATIO-TEMPORAL VARIABILITY OF ATMOSPHERIC DMS, SULFUR 
DIOXIDE, NITRIC ACID, AMMONIA AND ORGANIC ACIDS DURING THE 
ALBATROSS CAMPAIGN 

J Sciare (1) E. Baboukas(2), G. Kouvarakis (2), S. Belviso (1) and N. Mihalopoulos (2). 
(1) CFR, avenue de la Terrasse, 91198, Gif-sur-Yvette, France (2) University of Crete, 
Dept. of chemistry, 71409 Heraklion, Greece.mihalo@chemistry.uch.gr/ Fax: +30-81- 
210951. 

During the Albatross campaign one hundred and thirty (130) atmospheric samples have 
been collected between 58iN-38iS and immediately processed to measure DMS 
concentrations. Atmospheric DMS concentrations were ranged from 20-260 pptv. The 
lowest atmospheric DMS concentrations were observed around 55iN and 38iS and are 
in line with the low DMS values measured in seawater in the above areas. Wind speed 
seems to be an important factor controlling the atmospheric DMS concentrations. Clear 
diurnal variations have been observed (mainly under clear sky conditions) for 
atmospheric DMS with the lowest concentrations between 12-18h. In order to investigate 
the oxidation reaction of DMS in the marine atmosphere, samples were collected for 
determination of its oxidation products. In this article we will examine the distribution 
of gas phase oxidation products: S02 collected by using the denuder technique and 
DMSO by using the mist chamber technique. The extract of the denuders has been also 
used for simultaneous determinations of gas phase concentrations of HN03, NH3 and 
organic acids. The results of the thirty one (31) denuders collected during the whole trip 
are presented and their variation is discussed. 
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LIDAR MEASUREMENTS OF TROPOSPHERIC WATER VAPOUR 
OVER THE ATLANTIC DURING THE ALBATROSS CAMPAIGN 

J. Schäfer (1,2), G. Beyerle (1,3) and O. Schrems m 

(1) Allied Wegener Institute for Polar and Marine Research, Bremerhaven, FRG 
(2) Forschungszentrum Jülich, FRG 
(3) Jet Propulsion Laboratory, California Institute of Technology, USA 

In this contribution we will report results of water vapour measurements over the 
Atlantic Ocean with a new mobile Raleigh Raman lidar instrument (MARL). The 
data were obtained during the ALBATROSS campaign aboard the German reseach 
vessel Polarstern in October and November 1996. 

The water vapour measurements were performed by comparing the 408 nm H:0 
water vapour Raman channel and the 387 nm N, Raman channel from the 
transmitted wavelength of 355 nm. Both signals are proportional to the density of 
H,0 and N2, respectively, and thus the water vapour volume mixing ratio can easily 
be calculated. However, a calibration with radiosonde or other data is necessary to get 
absolute values. Good agreement has been obtained by comparing our lidar data with 
data obtained from radiosondes. 

The MARL lidar is capable of measuring the variability of the water vapour content 
throughout the troposphere up to 10 km altitude with a time resolution of about 15 
minutes and a height resolution of 120 meter. 

HYDROPEROXIDES AND FORMALDEHYDE IN THE MARINE 
BOUNDARY LAYER OF THE ATLANTIC (48°N-35°S) 
MEASURED DURING THE ALBATROSS CAMPAIGN 

R. Weiler (1), O. Schrems (1), A. Boddenberg (2), S. Gab (2), E. Leibrock (3), and 
W. Junkermann (3) 
(1) Alfred Wegener Institut für Polar- und Meeresforschung, Bremerhaven, 
(2) Bergische Universität Gesamthochschule Wuppertal, (3) Fraunhofer Institut 
Atmosphärische Umweltforschung, Garmisch-Partcnkirchen 
rweller@awi-bremerhaven.de 

Hydroperoxides and formaldehyde (HCHO) have been measured in situ during 
October/November 1996 on board RV Polarstern in -surface air over the Atlantic 
from 48°N-35°S. Organic hydroperoxides except of CH3OOH (MHP) could not be 
detected during the campaign. Hydroperoxides and formaldehyde mixing ratio were 
highest within the tropics with peak values of around 2000 pptv (H2O2), 1500 
pptv (MHP) and 1000 pptv (HCHO). In case of H2O2 and MHP we could observe 
diurnal variations of the mixing ratios and derived deposition rates of around 
(1.8±0.6)xl0"5 s"1 for H2O2 and (1.2±0.4)xl0"5 s"1 for MHP. The measured 
MHP/(H202+MHP) and MHP/HCHO ratios corresponded to 0.32±0.I2 and 
0.87±0.4, respectively. HCHO mixing ratios observed during the expedition were 
significantly higher than predicted by current photochemical theory and pointed at 
the need of further kinetic and mechanistic studies on the reactions CH3OOH+OH 
and CH3O2+HO2. 

THE ALBATROSS CAMPAIGN 1996: 
AN ATMOSPHERIC   CHEMISTRY STUDY OVER THE 
NORTHERN AND SOUTHERN ATLANTIC (OVERVIEW) 

O. Schrems 

Alfred Wegener Institute for Polarr and Marine Research, Bremerhaven, FRG 
e-mail: oschrems@awi-bremerhaven.de, FAX: +49-471-4831425 

A summary will be given over the research activities of the ALBATROSS campaign 
which took place from October 5 to November 10, 1996. ALBATROSS has been an 
atmospheric chemistry campaign with the German research vessel Polarstem which 
startet in Bremerhaven (Germany), surrounded Iceland, sailed towards south and 
finally arrived in Punta Quilla (Argentina). 

The main objective of the ALBATROSS campaign was to obtain information for a 
better understanding of the transport, transformation and deposition of continental 
emissions, especially hydrocarbons, CO, NOx, SO,, etc. and resulting reaction 
products such as 0„ OH, H202, RONO„ HNO„ sulfate' aerosol, etc.. 

The investigations of the research groups who participated in the ALBATROSS 
campaign provided highly valuable contributions to the the international activities 
such as NARE (North Atlantic Regional Experiment), GLOCHEM (Global 
Atmospheric Chemistry Survey) and MARATHON (Marine Atmosphere Oxidation 
Capacity Experiment). 

A LATITUDINAL CROSS SECTION OF COS CONCENTRATIONS 
IN THE MARINE BOUNDARY LAYER AND SURFACE WATERS 
OF THE ATLANTIC OCEAN IN FALL 1997 

X. Xu. U. Bartell, H.G. Bingemer, U. Schmidt and H.-W. Georgii 
Institute for Meteorology and Geophysics, University of Frankfurt, Germany 
xu@meteor.uni-frankfurt.de/Fax:+49-69-798-28331 

COS mixing ratios in the marine atmosphere and the surface sea waters of the 
Atlantic Ocean were measured during the cruise ANT XV/1 of the German 
research vessel Polarstern in October and November, 1997. A Teflon diaphragm 
pump was used to collect the marine air from the crow's nest (-20m a.s.l.) of the 
ship in Tedlar bags. A Weiss type equilibrator was used to extract the dissolved 
COS from sea water collected 5m below the sea level. The marine air and less than 
3% of the headspace air in the equilibrator were cryogenically enriched and then 
analysed for COS using gas chromatography with a flame photometrical detector 
(GC/FPD). The COS mixing ratio averaged 501±35 pptv in 178 air samples 
covering a latitudinal range from 50°N to 30°S. The latitudinal distribution of COS 
in the marine boudary layer was found to be uniform, with no significant 
interhemispheric gradient. The COS concentration in the sea water ranged from 3.9 
to 60.4 pmol-L'1 and showed clear diurnal variations, especially on sunny days. In 
comparison to the overlying air, the sea water was found to be undersaturated with 
COS between midnight and sunrise and supersaturated during other times of the 
day, implying that the ocean could act both as a source and a sink for COS. The 
calculated COS saturation ratio varies from 0.5 to 6.3. 

OZONE HEIGHT-PROFILE MEASUREMENTS OVER THE ATLANTIC 
OCEAN ALONG THE 30° W MERIDIAN WITHIN THE ALBATROSS 
PROJECT 

C. Weilkami? (D, J. Glauer (1), S. Köhler (1), P. Bisling (1), E. Raschke (1) 
L. Kaufeld (2), R. Weiler (3), and O. Schrems (3) 
(1) GKSS Geesthacht, (2) DWD Hamburg, (3) AWI Bremerhaven 
claus.weitkamp@gkss.de / Fax +49-4152-87-1875 

During the XlVth journey of the RV Polarstern from Bremerhaven to Antarctica 
ozone vertical profiles were measured over the Atlantic Ocean along a transect be- 
tween 65° N and 45° S following the 30° W meridian. The measurements which 
were part of the project ALBATROSS and thus of the North Atlantic Regional Ex- 
periment (NARE) were carried out with the differential-absorption lidar ARGOS 
Each day between 10 October and 5 November 1996 several profiles of usually 1 h 
*¥*Jjon were taken; the height region that was sampled was between 50 and 
2 500 m above sea level. Because of the highly inhomogeneous distribution of the 
atmospheric backscatter coefficient, typical uncertainty values were occasionally as 
high as 10-30 ng/m'. Additional information on the aerosol distribution in the mari- 
ne troposphere was derived from the lidar backscatter signals. In spite of frequent 
clouds ozone profiles could be obtained up to a height of 2 000 m. High concentra- 
tions, well above 60 u.g/m3, were measured between 50 and 45 and between 30 and 
25 N, with a total-mission average around 40 ug/m3. Except for a decrease close to 
the sea surface, the ozone concentration varied remarkably little with height Back 
trajectories showed that periods of high ozone correlated with short travel times of 
the air masses from a continent to the place of the measurement. Another weaker 
correlation was found with wind speed: positive for continental, negative for marine 
air masses. No systematic diurnal variations could be noticed that were not masked 
by the two effects mentioned previously. The height-averaged lidar data generally 
agree well with the results of in-situ ozone measurements. 
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